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1 | INTRODUCTION

Many people today are complaining of sleep deprivation. The num-
ber of people with insomnia is increasing worldwide. It is very un-
comfortable for insomnia patients as many existing sleep treatment

agents might have harmful effects on the body in terms of mental

Abstract

Social cost of insomnia in modern society is gradually increasing. Due to various
social phenomena and lifestyles that take away the opportunity of good quality of
sleep, problems of insomnia cannot be easily figured out. Prescription of sleeping
pills for insomnia patients can cause other inconveniences due to their side effects
beyond their intended purposes. On the other hand, Passiflora incarnata L. (Pl) has
been widely used in South America for several centuries, showing effectiveness for
sleep, sedation, anxiety, and so on in the civilian population. However, reports on the
treatment efficacy of this herbal medicinal plant for insomnia patients through stand-
ardization as a sleeping agent have been very rare. Therefore, we obtained leaves
and fruits of Pl (8:2 by weight) as powder to prepare an extract. It was then applied
to Cé rat glioma cells to quantitate mMRNA expression levels of GABA receptors. Its
sleep-inducing effect was investigated using experimental animals. Pl extract (6 pg/
ml) significantly decreased GABA receptors at 6 hr after treatment. Immobility time
and palpebral closing time were significantly increased after single (500 mg/kg) or
repeated (250 mg/kg) oral administration. In addition, blood melatonin levels were
significantly increased in Pl extract-treated animals after both single and repeated
administrations. These results were confirmed through several repeated experi-
ments. Taken together, these results confirmed that Pl extract had significant sleep-
inducing effects in cells and animals, suggesting that Pl extract might have potential

for treating human insomnia.
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health (Hahn, Wang, Andel, & Fratiglioni, 2014). Abnormal sleeping
conditions controlled by the circadian rhythm can have a very bad
effect on people's quality of life, various metabolic mechanisms in
the body (Elbaz et al., 2017), and brain functions (Backhaus et al.,
2006; Fulda & Schulz, 2001; Gorgoni et al., 2013; Joo, Kim, Suh,
& Hong, 2014). In addition, there are many environmental factors
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that lead to sleep deprivation in modern people's lives (Passos et
al., 2014; Te Lindert et al., 2018). Because of the importance of
sleep, many prescription drugs are being continuously introduced
into the market. However, many of these drugs have side effects
on the body such as hyperphagia, obesity, diabetes, bad mood, and
unrecognizing abnormal behaviors that can cause problems besides
their effects of inducing sleep (Magee, Huang, lverson, & Caputi,
2010). Meanwhile, oriental herbal medicine has recently attracted
attention as alternative medicine for treating insomnia that can help
relieve hypertension, improve cognitive function, and promote sleep
induction while having increased safety and efficiency. In particular,
Passiflora incarnata L. (Pl), also known as passion flower, has been
highlighted due to its safe and promising sedative, sleep-inducing,
and anti-anxiety effects (Aoyagi, Kimura, & Murata, 1974; Jawna-
Zboinska et al., 2016; Kim, Lim, Lee, & Kim, 2017; Ngan & Conduit,
2011; Yurcheshen, Seehuus, & Pigeon, 2015). It has been reported
that P. incarnata possesses several CNS-depressing effects. Thus,
many bioactive metabolites of Pl have been experimentally explored
(Diniz et al., 2015), showing promising safety and efficacy with ther-
apeutic potential (Ahn, Ahn, Cheong, & Dela Pena, 2016).

However, to obtain safe and efficient sleep-inducing effects of
Pl, standardization of lead compounds and evaluation of efficacy at
certain concentrations are required with experimental animals first.
For this purpose, Pl extraction was standardized, and GABA recep-
tors (GABA-beta and GABA-delta receptors and related gene such as
GAD1) after treatment with Pl extract were determined by real-time
polymerase chain reaction (PCR) using in vitro and in vivo experi-
ments. Sleep-inducing effect of Pl extract was verified by compar-
ing animals’ immobility and palpebral closing time after single and
repeated oral administrations in the present study. Results of this
study suggest that Pl extract can be used as a promising sleep-induc-
ing agent to treat insomnia.

2 | MATERIALS AND METHODS
2.1 | Preparing of Pl extract

Pl extract was obtained from leaves and fruit of Pl. The prepar-
ing method is established in our previous study. Briefly, powder of
Pl leaves and fruits was extracted with 60% aqueous ethanol for
4 hr. The aqueous extract was dried by vacuum evaporation. After
vacuum drying, the extract was standardized using 0.1% vitexin as a
reference compound.

2.2 | HPLC analysis

Pl extract powder (1 g) was dissolved in 50 ml of 50% ethanol for
10 min with sonication. Filtration was performed with a 0.45-um
syringe filter. HPLC was performed using an Agilent 1200 System
equipped with a model G1312A binary LC pump, an autosampler,
and a diode-array detector. A C-18 (Waters, SunFire™ C18) column

(250 x 4.6 mm id and 5 pum particle size) was selected. Standards
were purchased from Sigma Chemicals.

Chromatographic separations were performed with a mobile
phase consisting of 0.1% phosphoric acid prepared in nanopure
water (87%) and 100% acetonitrile (13%) for 60 min. The injection
volume was 20 pl. The mobile phase flow rate was 1 ml/min. The
oven temperature was 35°C, and the detection wavelength was
360 nm.

2.3 | Experimental animals and husbandry

Seven-week-old ICR mice (body weight, 24-27 g) were used as ex-
perimental animals. They had no special disease, pathogen, or ge-
netic defects. Mice were housed at room temperature (RT) (22 + 2°C)
with 60% humidity under a 12-hr light: dark cycle (light cycle: dark
cycle from 07:00 to 19:00). They were provided free access to nor-
mal chow diet (2018S; Harlan) and distilled water. Mice were used in
this study after week of acclimation. They were separated into two or
three groups according to single or repeated oral Pl administrations.
For the present study, distilled water as vehicle (Veh) control or solu-
ble Pl extract was carefully administered once or daily for 5 days with
an oral sonde to animals. Veh- (n = 8, Veh-treated only), PI 250 (n = 8,
250 mg/kg of Pl extract), or PI 500 (n = 8, 500 mg/kg of Pl extract)
was administered. Male ICR mice were purchased from Saeron Bio.
These mice were sacrificed on the second or the 6th day after begin-
ning the administration. Most experiments of this study were per-
formed with these mice. However, Sprague Dawley (SD) rats were
specifically employed for palpebral closing time analysis. Since the
eyes of mice were too small to measure palpebral closing time, thus,
we used the SD rat model as an alternative method. Male SD rats
were purchased from Saeron Bio. These SD rats were housed under
the same conditions as ICR mice in different rooms. SD rats were
used in this study after 1 week of acclimation. They were separated
into two or three groups according to single or repeated oral Pl ad-
ministrations. For the present study, distilled water (Veh) or soluble
Pl extract was carefully administered once or daily for 5 days with an
oral sonde to animals. Veh- (n = 8, Veh-treated only), Pl 250 (n = 8,
250 mg/kg of Pl extract), or PI 500 (n = 8, 500 mg/kg of Pl extract)
was administered. These mice and rats were sacrificed on the second

or the 6th day after beginning the administration.

2.4 | Immunohistochemistry staining with c-fos
antibody to evaluate action area in brain after Pl
extract administration

Immunohistochemical staining was conducted using protocols
used in our group. Briefly, sections were sequentially treated with
0.3% hydrogen peroxide in (H,0,) PBS at RT for 30 min and 10%
normal goat or rabbit serum in 0.05 M PBS at RT for 30 min. They
were then incubated with diluted goat anti-c-fos antibody (1:500,
Santa Cruz Biotechnology) at 4°C overnight and subsequently
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incubated with biotinylated goat anti-goat IgG and streptavi-
din-peroxidase complex (diluted 1:200, Vector) at 25°C for 2 hr.
Sections first underwent an overnight incubation with rabbit anti-
COX-2 antibody (1:200, Cayman) or mouse phospho-lkBa (1:500;
Santa Cruz Biotechnology) at 4°C for 48 hr. Thereafter, sections
were incubated with biotinylated goat anti-rabbit IgG or anti-
mouse IgG and a streptavidin-peroxidase complex (1:200, Vector)
at 25°C for 2 hr. Sections were then visualized by staining with
3, 3’-diaminobenzidine in 0.1 M Tris-HCI buffer (pH 7.2). Sections
were mounted onto gelatin-coated slides with Canada balsam

(Wako) following dehydration.

2.5 | Cell culture and reagents

Rat C6 glioma cell line (C6, ATCC-CCI-107) was purchased from the
American Type Culture Collection (ATCC). C6 glioma cells were cul-
tured in Dulbecco's modified Eagle's medium high glucose (DMEM,
4.5 g/L glucose; Corning) supplemented with 10% (v/v) thermal-in-
activated fetal bovine serum (Gemcell, GEMINI Bio-Products) and
1% (v/v) penicillin-streptomycin solution (Thermo Fisher Scientific)
at 37°C in a CO, incubator (Thermo Fisher Scientific; 95% air and
5% CO,).

2.6 | Cell viability assay

Cell viability was determined using water-soluble tetrazolium salt-1
(WST-1) assay kit (DoGenBio). Rat Cé glioma cells were seeded into 96-
well plates (SPL Life Sciences) at density of 3 x 10° cells/well in 200 ml
of media. Cells were incubated at 37°Cin a 5% CO, incubator overnight
and then treated by Pl extract at a final concentration of 0.06 pg/ml in
triplicates for 24 hr. After that, 10 ml of EZ cytox cell viability assay rea-
gent was added to each well followed by incubation at 37°C for 2 hrina
5% CO, incubator. Finally, the optical density was measured at 450 nm
using a microplate reader (Sunrise™; Tecan). All experiments were re-
peated at least three times. Rat Cé glioma cells were also incubated with
Pl extract at different concentrations (6, 0.6 and 0.06 pg/ml), and the
concentration that produced 50% decrease in cell viability (inhibitory
concentration [IC50]) was calculated using GraphPad PRISM version
7.0.1 (GraphPad Software).

2.7 | Measurement of intracellular ROS

Intracellular ROS level was measured using ROS indicator fluoro-
genic dichlorofluorescein diacetate (H,DCFDA, Invitrogen). Rat
Cé glioma cells were incubated at 37°C in a 5% CO, incubator
for 6 hr. After that, cells were treated with Pl extract at final
concentrations of 6, 0.6, and 0.06 pg/ml for 6 hr. DW was used
as a vehicle. Cells were harvested, washed with PBS twice, and
analyzed by using a Guava easyCyte Flow Cytometer (Millipore).

Median fluorescence intensity (MFI) was determined using FlowJo

TABLE 1 Primers used for quantitative real-time PCR analysis
for GABA receptors and related genes

Genes Sequences (5'3’)
Gabbr Forward 5-CTC TGA ACT GCG CCATCA GC-3’
Reverse 5-TCA CAG CTA AGC CGG TCA GG-3'
Gabrg Forward 5-AGG ATG CTG TTC CTG CCA GA-3’
Reverse 5-TGC AGG GTG CCATAC TCC AC-3’
GAD1 Forward 5'-CTA CCA ACC TGC GCC CTA CA-3’
Reverse 5-TTG GAG GAC TGC CTC TCC CT-3
GAPDH  Forward 5'-TGC MTC CTG CAC CAC CAACT-3’
(M=AorC)
Reverse 5-YGCCTGCTTCACCACCTTC-3'(Y=T
orC)

version 10.0.7.2 (TreeStar). All experiments were repeated three
times. Rat C6 glioma cells were plated and treated with Pl extract
the same as flow cytometry analysis. After 10 pM H,DCFDA was
added to each plate, cells were incubated at 37°C under 5% CO,
condition for 30 min. After washing with PBS three times, cells
were visualized using a DMi8 fluorescence microscope (Leica).
Images were obtained with LAS X (Leica) and Photoshop CC 2017
program (Adobe Systems).

2.8 | Quantitative real-time PCR

Rat Cé6 glioma cells were seeded into 60-mm plates and incubated
at 37°C in a 5% CO, incubator for 6 hr. Cells were treated with
Pl extract at a final concentration of 6 pg/ml for 6 hr using DW
at the vehicle. The ICR mice were administered for 5 days (vehi-
cle and PI (250 mg kg day™) were sacrificed, and the brains were
removed immediately). The hemispheres of the brains were used
for RNA extraction. Total RNA was isolated using Isol-RNA Lysis
Reagent (2302700, SPRIME). MMLV reverse transcriptase (RTO01,
Enzynomics) was then used to generate first-strand complemen-
tary DNA (cDNA) with the following RNA (11 pg), 1 pl of 10 p.m.
oligo (dT) primers, 1 pl of dNTP mix (2 mM each), and 0.1% (v/v)
DEPC-treated water (DB0154, Bio Basic) was added up to a final
volume of 16.5 plin a 200-pl PCR tube (Gunster Biotech). The mix-
ture was incubated at 42°C for 5 min and immediately cooled on
ice, after which 2 pl of 10x MMLV-RT buffer, 1 pl of MMLV reverse
transcriptase, and 0.5 pl RNase inhibitor (M0O7, Enzynomics)
were added. Finally, the mixture was incubated at 42°C for 50 min
followed by an incubation at 95°C for 5 min using a SimpliAmp
Thermal Cycler (Applied Biosystems). For quantitative real-time
PCR (gRT-PCR), 5 pl of 2x real-time PCR Master Mix including
SYBR Green (DQ385-40H, Biofact), 3 pl DW, cDNA (10 pg), and
1 pl of primers (containing 10 p.m. of each of the forward and re-
verse primers) designed to detect Gabbr, Gabrg, and GAD1 mRNAs
were added to an optical 96-well plate (Applied Biosystems). To
amplify PCR products, PCR was performed using a StepOne Plus
Real-Time PCR System (Applied Biosystems) with the following
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FIGURE 1 Physiological changes in mice after Pl extract oral administration. (a) Body weight comparisons for 5 days after Veh- and PI
extract administrations, (b) food intake volumes for 5 days after Veh- and Pl extract administrations, (c) drinking water consumption in Veh-
and Pl extract-treated group for 5 days. No factor showed any significant difference between Veh- and Pl extract-treated groups. Error bars

represent means + standard error of the mean (SEM)

cycling conditions: pre-denaturing at 95°C for 10 min, 40 cycles of
95°C for 15 s, and 60°C for 1 min. Primer sequences used in this
study are shown in Table 1. All experiments were repeated at least
three times. Relative gene expression levels were analyzed using
the 2724% method described by Livak & Schmittgen, (2001).

2.9 | Immobility times by single and repeated PI
extract oral administrations

ICR (Saeron Bio) mice at 7 weeks old were used to measure the im-
mobility time of experimental animals after oral administration of Pl
extract. In the case of single administration, vehicle (distilled water;
DW), PI 250 mg/kg (Pl 250), or PI 500 mg/kg (Pl 500) was adminis-
tered orally to each group (n = 10) of mice. In the case of repeated
administration, vehicle (DW) or Pl 250 mg/kg (P1250) was adminis-
tered orally to each group (n = 8) of mice for 5 days. After 30 min of
oral administration, immobility time of mouse was recorded for 1 hr.
Recording was performed using a digital camcorder (HDR-CX405,
SONY). After video recording, the immobility time of mouse was
separated into 30 s and analyzed visually. For objectivity, two ob-
servers performed measurements randomly. If the immobility time
of 30 s was 10 s, it was scored 1 point. If it was 20 or 30 s, it was
scored 2 or 3 points, respectively.

2.10 | Palpebral closing times by single or repeated
Pl extract oral administration

We additionally performed palpebral closing time by single or repeated
Pl extract oral administration for 5 days with SD rats because we had a
technical problem that palpebral movements of ICR mouse could not be
easily recognized by video recording. To gain additional confidence with
Pl administration to animals, SD rats were introduced and palpebral
closing time was compared with Veh-treated group after 5-day repeated
administration of Pl extract. The measurements were taken once every
other day for 5 days (1st, 3rd and 5th day). Seven-week-old SD rats
(175-225 g, Saeron Bio) were used to measure palpebral closing time

of experimental animals after oral administration of Pl extract. Vehicle
(DW), P1250 mg/kg (P1 250), or PI 500 mg/kg (Pl 500) was administered
orally to each group (n = 8) of SD rats for single or repeated treatments
(3 times for 5 days). After 30 min of oral administration of Pl extract,
palpebral movements of rats were recorded for 10 min. Recording was
performed using a digital camcorder (HDR-CX405, SONY). After video
recording, the palpebral closing time of each SD rat was separated by
10 s and analyzed visually. For objectivity, two observers performed
measurements randomly.

2.11 | Data analysis

To ensure objectivity, all measurements were performed under
blinded conditions by two observers per experiment under iden-
tical conditions. For quantitation of immunoreactivity, the extent
of staining was measured using five sections per animal. Images
of c-fos-immunoreactive structures were taken using a BX53 light
microscope (Olympus) equipped with a digital camera (DP71,
Olympus) connected to a personal computer and a monitor.

Data are presented as mean + standard error of the mean (SEM)
for each experimental group (Veh, Pl 250, or Pl 500). If necessary,
differences between means were analyzed with one-way analysis of
variance or two-tailed Student's t test where appropriate. All statis-
tical analyses were performed using Prism 7 (GraphPad Software).
p < .05 were considered statistically significant (*, p < .05; **, p < .005;
*** p <.0005, ****, p < .0001).

3 | RESULTS
3.1 | HPLC chromatograms obtained from PI
extraction

We have already established a chromatogram of Pl to reveal sub-
stances contained in this Pl extract in our previous study. It con-
tained isoorientin, orientin, vitexin, and isovitexin. These results are
shown in Figure S1.
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3.2 | Physiological changes after Pl extract
administration

For safety as a functional food, Pl treatment should not affect
food intake or weight changes other than the desired sleep-in-
ducing effect in animals. Our results revealed that body weight,
food intake, or water consumption was not changed after re-
peated Pl extract administrations (Figure 1). They showed no
significant difference between Pl extract-treated animals and
Veh-treated animals. Thus, Pl extract administration does not in-

fluence any basic function of animals such as eating or drinking.

3.3 | Immunohistochemistry staining with c-fos
antibody to determine action area in the brain after Pl
extract administration

The primary action area in the brain after Pl extract oral administra-
tion was found by immunohistochemistry staining with c-fos anti-
body. As shown in Figure 2, c-fos-positive cells were found around
mammillary body (MB) after treatment with PI 250 (250 mg/kg) or PI
500 (500 mg/kg) while there was no c-fos signal around MB of Veh-
treated animals (Figure 2b,c). No signal was found at coronal sections

of the whole cerebrum (Figure 2a).

3.4 | ROS production and cell viability after rat Cé6
glioma cells were treated with Pl extract

ROS detector H,DCFDA can penetrate into nonfluorescent cell mem-
branes. When it enters the cell through the cell membrane, it reacts
with esterase or HO™ and hydrolyzes to DCFH to remain nonfluo-
rescent. Rat glioma cells were treated with Pl extract for 6 hr prior
to measuring intracellular ROS level. Cell viability was determined
using WST-1 based assay (Vistica et al., 1991), which would produce
an orange formazan product that could be detected spectrophoto-
metrically depending on mitochondrial dehydrogenase activity. Rat
Cé6 glioma cells were incubated with Pl extract for 6 hr. Relative ROS
production (DCX-MFI) values of Pl extract-treated cells at Pl con-
centrations of 6 and 0.6 pg/ml were significantly increased (p < .05
and p < .0005, respectively, compared with those of Veh-treated
cells (Figure 3a,b). C6 glioma cells were also analyzed by WST-1 assay
for cell viability after Pl extract treatment. Cé glioma cells were also
analyzed by WST-1 assay for cell viability after Pl extract treatment.
Results revealed that Pl at concentration from 0.06 to 6 ug/ml did not
significantly affect cell viability (Figure 3c).

3.5 | Quantification of GABAa receptors and GAD1
mRNA expressions by real-time PCR

GABAa receptors have several different subtypes such as GABA
Gabbr as B-subtype and Gabrg as y-subtype. Results (Figure 3d,e)

showed that mRNA expression levels of Gabbr and Gabrg in PI
extract-treated group were increased compared to those in Veh-
treated group (both p < .0005). For Gabbr and Gabrg mRNA ex-
pression in Pl extract-treated group, its expression was significantly
increased than that in the Veh-treated group (p < .0005). GABA syn-
thesis enzyme GAD1 also showed significant difference between PI
extract-treated group and Veh-treated group (p < .0005).

3.6 | Serum melatonin levels after single or repeated
Pl extract oral administration

Serum melatonin level is a very critical indicator to determine
whether a material has sleep-inducing effect. Our results (Figure 4)
revealed that serum melatonin levels after a single administra-
tion with vehicle or Pl extract were 7.32 + 0.612 (mean + SEM)
for vehicle group, 8.37 + 0.858 pg/ml for Pl 250 group, and
10.92 + 0.694 pg/ml for Pl 500 group. After repeated administra-
tions with vehicle and PI extract (Pl 250), serum melatonin levels
were 7.82 + 0.585 pg/ml and 12.00 + 1.600 pg/ml, respectively.
There were significant differences in melatonin level between ve-
hicle control group and single administration of Pl (p < .01 for ve-
hicle vs. Pl 250 and p < .05 for vehicle vs. Pl 500) or repeated PI
extract administration (p < .05).

3.7 | Immobility time after single or repeated PI
extract oral administration

Immobility time of mice after single oral administered PI extract
at concentration of 250 mg/kg (Pl 250) or 500 mg/kg (Pl 500)
was prolonged compared to that of Veh-treated mice (Figure 5a).
However, it was only significantly prolonged in the Pl 500 group,
not in the Pl 250 group, compared to that of Veh-treated group.
Immobility score of Pl 500 was also significantly higher than that
of PI1 250 (p < .0001).

Immobility scores of mice after repeated oral administration of
PI extract at concentration of 250 mg/kg (Pl 250) for 5 days were
consistently higher than those of Veh-administered group from the
beginning of administration. However, significant difference was se-
cured only on the fifth day (Day 5) (Figure 5b; p < .05). Area under
the curve (AUCs) also showed significant differences between PI
250 and Veh group (Figure 5c¢; p <.0005).

3.8 | Palpebral closing time after single or repeated
Pl extract oral administration

Palpebral closing time of SD rats after single oral administration of PI
extract at concentration of 250 mg/kg (Pl 250) or 500 mg/kg (PI 500)
was prolonged than those of Veh-treated SD rats (Figure 6a). Palpebral
closing time of the Pl 500 group was also significantly higher than that
of the Pl 250 group (p < .0001) after a single Pl extract administration
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Fluorescence intensity was measured by flow cytometry. (a) Flow cytometry profiles of intracellular ROS level. (b) Quantification of relative
median DCF fluorescence intensity alterations in Cé rat glioma cells treated with Pl extract or vehicle. (c) All cells were treated with PI
extract for 6 hr, and cell viability was determined using WST-1 assay. The viability of Cé6 glioma cells was decreased significantly after
treatment with Pl extract at the concentration of 60 pg/ml. Others did not show any significance. (d and e) Quantification of GABA receptor
mMRNA expressions at the Cé glioma cells and brain hemispheres of mice by real-time PCR after treatment with Pl extract or vehicle for 6 hr
and 5 days, respectively. GABA receptors and GAD1 mRNA expression levels in Pl extract-treated group were significantly higher from
those in vehicle-treated group (***, p < .0005; *, p < .05)

(Figure 6a). However, after repeated Pl extract administration for five

days, Pl 250 had a significant difference from Day 3 between repeated

Veh-treated group at eye closing time (Figure 6b). Palpebral closing

time of SD rats after repeated oral administration of Pl extract at con-
centration of 250 mg/kg (Pl 250) for 5 days (measured at Day 3 and
Day 5) was consistently higher than that of the Veh-administered group
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time (as immobility scores) of mice were measured for 1 hr from 30 min after oral administration of Pl extract. (a) Single oral administration
of Pl extract was performed at concentrations of 250 and 500 mg/kg of Pl extract. Immobility score of the 500 mg/kg Pl extract group

was significantly higher than that of the Veh-treated group (**** p <.0001). However, it did not show significant difference between the
250 mg/kg of Pl extract-treated group and the Veh-treated group, although its value was higher than that of the vehicle group. These
scores were also significantly different between PI 250 and PI 500 groups (****, p < .00001). (b) Repeated oral administration of Pl extract at
concentration of 250 mg kg day'1 for 5 days showed that immobility scores were higher than those of the vehicle-treated group. However,
significant difference was only obtained on the last day (Day 5) (*, p < .05), although immobility scores of each day were higher in the PI-
treated animal group than those of the vehicle-treated group. (c) Area under the curve (AUC) was significantly higher in the Pl-administered
group than that of Veh-treated group (***, p < .0005). Error bars represent means + standard error of the mean (SEM)

from the second day of administration. AUCs between Pl 250 and Veh

groups also showed significant differences (Figure 6c¢; p < .0005).

4 | DISCUSSION

Chronic insomnia is not only a major medical problem worldwide,
but also a critical problem that can seriously lower the quality of
life of affected individual. Chronic insomnia not only makes af-
fected individual feel very exhausted, but also act as an insult to the
brain's microenvironment, making it uncomfortable for everyday
life (Backhaus et al., 2006; Bliwise, 2004; Gagnon, Petit, Latreille, &
Montplaisir, 2008; Joo et al., 2014; Trotti & Karroum, 2016). It also

promotes degenerative brain disease. Although sleeping pills could

be used, insomnia patients may suffer a wide variety of side effects
of sleeping pills that are currently available (Park & Shin, 2016; Piran
& Robinson, 2006; Schroeck et al., 2016). On the other hand, passion
flowers have long been known to be effective for anxiety and in-
somnia in the private sector due to its sedation effect as mentioned
earlier (Kim et al., 2017).

In our previous study, we have concluded that administration of
Pl can prevent Alzheimer's disease, increase hippocampal neurogen-
esis, decrease microglial population, and decrease the expression
of Tau and pTau after single or repeated administration (Kim et al.,
2019). Numerous studies by other research teams have consistently
reported that P. incarnata species has sedative, anti-anxiety, and
anti-neurodegenerative disease effects. It can also mitigate atten-

tion deficit hyperactivity disorder symptoms in children (Corona,
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2018; Grundmann, Wahling, Staiger, & Butterweck, 2009; Jawna-
Zboinska et al., 2016; Ulbricht et al., 2008). However, the use of PI
widely known in the private world has not been standardized for
inducing sleep. If Pl administration can be used as a sleep inducer
for many patients who experience insomnia, it may prevent various
diseases caused by chronic insomnia with a variety of benefits. In
addition, according to our preliminary study, data of its effective
dose accumulated through animal experiments (250 and 500 mg/kg
of Pl extract powder) confirmed that single (500 mg/kg) or repeated
(250 mg/kg) oral administration of Pl extract was effective in induc-
ing sleep ability.

Several substances such as isoorientin, orientin, vitexin, and iso-
vitexin were detected in the Pl extract (Figure S1). Vitexin might be
its major effective substance according to our result. Vitexin is con-
sidered to have the ability to induce sleepness with antidiabetic and
anti-inflammatory effects (Abbasi, Nassiri-Asl, Shafeei, & Sheikhi,
2012; Choi et al., 2014; He et al., 2016). It is effective for sleep im-
provement. Therefore, functional difference between vitexin only
and Pl extract is worthy of further study.

Pl treatment increased mRNA expressions of GABA receptors
and the related genes after cells were incubated with Pl for 6 hr; Pl
showed ability to inhibit neuronal activity (Figure 3d and e). Since
high concentrations of Pl were also used in the in vivo experiment,
the in vitro experiment was conducted at the most valid high con-
centration (6 pg/ml). Interestingly, it has been reported that GABA
activity is highly influenced by ROS expression (Accardi et al., 2014;
Calvo & Beltran Gonzalez, 2016). The increase or decrease in the
expression of ROS expression is not only related to cell damage or
expression of cytokines in cells, but also acts an important factor
required for the activity of GABA (Calvo & Beltran Gonzalez, 2016).
Results of the present study also showed that Pl extract decreased
a-subtype of GABA receptors but increased f- and y-subtypes.
GABA transporters play a role in promoting GABA synthesis by in-
creasing GAD1. Therefore, Pl extract is expected to exert its effi-

cacy by enhancing the receptivity of p- and y-subtypes to ligands

and by promoting synthesis of GABA via GAD1 through some GABA
transporter activation. Previous reports have shown that receptivity
of B- and y-subtypes to ligands has strong contribution to synaptic
transmission from GABAergic sleep-inducing effects on hypothala-
mus (Kang & Macdonald, 2016; Yanovsky et al., 2012).

As mentioned earlier, there was not rapid change in animal food
intake or body weight after single or repeated Pl extract administra-
tion. These results were reproducible according to our experiments.
In addition, through our preliminary study, we confirmed that Pl had
no other effects affecting metabolic activities other than its sleep-in-
ducing effect (data not shown). Meanwhile, the action region of Pl
extract treatment through the distribution of c-fos-positive cells is
found to be retromammillary nu medial (RMM) of the MB which is
known to be highly related to sleep in other reports (Fifel, Meijer,
& Deboer, 2018). Therefore, it is expected that primary activity will
occur at this site after injection of Pl extract so that the animal can
have a sleep desire. Melatonin level in the blood was increased when
low concentration of PI (Pl 250) was used for treatment for 1 day.
However, it was significantly increased after repetitive treatment of
Pl (Figure 3a,b). Pl 500 induced significant melatonin expression in
blood when it was used for treatment only once (Figure 3a). Based
on our data, the effective concentration obtained from the present
study was used for a clinical study of Pl which also proved that PI
was effective for inducing sleep in humans (data not shown). Since
many studies have reported various side effects and risks of sleeping
pills based on chemicals, the introduction of Pl extract in the pres-
ent study is expected to provide an opportunity to minimize these
side effects. This study was designed to obtain results for repeated
administration of Pl 250. We could not use humans as subjects be-
cause the amount of Pl concentration of Pl 500 needed for a single
Pl extract oral administration would be too large.

After Pl 250 was repeatedly administered to mice, less move-
ments of mice were confirmed (Figure 4), although the difference
was not statistically significant. On the 5th day, Pl-treated mice were

significantly less active than Veh-treated ones. When AUC values
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were calculated for 5 days by the substance, it was found that the
movement of the Pl-treated group was smaller than that of the Veh-
treated group. These results were almost the same for palpebral
closing time test using SD rats (Figure 6). For consistency of these
results, it may be better to experiment with mouse alone. However,
since the eyelid of mouse could not be recognized properly, we had
to use SD rats rather than mice for this test. In SD rats, similar to
results of mice, repeated administration of Pl 250 significantly in-
creased the palpebral closing time at the measurements from 3rd
and 5th day for 5 days. The value of AUC was also significant.

Our goal is to develop Pl extract as a sleep-inducing agent for
human use. For this purpose, we investigated the effect of Pl ex-
tract on brain environment. Metabolic and behavioral changes after
repeated administration may also occur. Thus, we examined these
changes. Low concentration of Pl (20-50 mg/kg) increased neuronal
differentiation and neurotrophic environment in the hippocampus
of mice and rats. However, Pl 250 or Pl 500 did not cause any met-
abolic or behavioral changes in our previous study (data not shown).
This might explain why Pl has been empirically used for centuries.

5 | CONCLUSION

Although it is impossible to explain all mechanisms by which Pl ex-
tract causes sleepiness in this present study, the most basic mecha-
nismis that it is closely related to the regulation of GABA and that its
active site is limited to RMM of MB in the brain rather than multiple
sites. It is a very favorable condition for the study of mechanism.
Repeated ingestion of Pl extract (Pl 250) does not cause serious
changes in body weight or abnormal feeding behaviors in animals.
It has sleep-inducing effects in rodents. Pl at high concentration (PI
500) can induce sleep in mouse after a single dose. However, effec-
tive dose of Pl for human would be somewhat higher. Further study
is needed to determine whether Pl extract can be sued as a supple-

mentary diet for insomnia patients.

ACKNOWLEDGMENTS

Thisworkwas supported by Korea Institute of Planningand Evaluation
for Technology in Food, Agriculture, Forestry and Fisheries (IPET)
through High Value-added Food Technology Development Program
funded by Ministry of Agriculture, Food and Rural Affairs (MAFRA)
(115044-03-2-HD020), Republic of Korea. It was also supported by
Soonchunhyang University Research Fund. Pl extract was kindly
gifted from Natural F& P Inc., Seoul, Republic of Korea.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

ETHICAL APPROVAL

All animal care and experimental protocols were ethically re-
viewed and approved (Approval number: SCH16-0037) by the
Soonchunhyang University Institutional Animal Care and Use

Committee (IACUC). This study does not involve any human testing.

CWILEY-®

ORCID
Sun Shin Yi https://orcid.org/0000-0001-8568-0954
REFERENCES

Abbasi, E., Nassiri-Asl, M., Shafeei, M., & Sheikhi, M. (2012).
Neuroprotective effects of vitexin, a flavonoid, on pentylenetetra-
zole-induced seizure in rats. Chemical Biology & Drug Design, 80(2),
274-278. https://doi.org/10.1111/j.1747-0285.2012.01400.x

Accardi, M. V., Daniels, B. A., Brown, P. M., Fritschy, J. M., Tyagarajan,
S. K., & Bowie, D. (2014). Mitochondrial reactive oxygen species
regulate the strength of inhibitory GABA-mediated synaptic trans-
mission. Nature Communications, 5, 3168. https://doi.org/10.1038/
ncomms4168

Ahn,J.,Ahn,H.S.,Cheong,J.H.,&DelaPena,l.(2016). Natural product-de-
rived treatments for attention-deficit/hyperactivity disorder: safety,
efficacy, and therapeutic potential of combination therapy. Neural
Plasticity, 2016, 1320423. https://doi.org/10.1155/2016/1320423

Aoyagi, N., Kimura, R., & Murata, T. (1974). Studies on Passiflora incar-
nata dry extract. I. Isolation of maltol and pharmacological action of
maltol and ethyl maltol. Chemical & Pharmaceutical Bulletin (Tokyo),
22(5), 1008-1013.

Backhaus, J., Junghanns, K., Born, J., Hohaus, K., Faasch, F., & Hohagen,
F. (2006). Impaired declarative memory consolidation during sleep in
patients with primary insomnia: Influence of sleep architecture and
nocturnal cortisol release. Biological Psychiatry, 60(12), 1324-1330.
https://doi.org/10.1016/j.biopsych.2006.03.051

Bliwise, D. L. (2004). Sleep disorders in Alzheimer's disease and other
dementias. Clinical Cornerstone, é(suppl 1A), S16-528. https://doi.
org/10.1016/51098-3597(04)90014-2

Calvo, D. J.,, & Beltran Gonzalez, A. N. (2016). Dynamic regula-
tion of the GABAA Receptor function by redox mechanisms.
Molecular Pharmacology, 90(3), 326-333. https://doi.org/10.1124/
mol.116.105205

Choi, J.S., Islam, M. N., Ali, M. Y,,Kim, E. J.,Kim, Y.M,, & Jung, H. A.(2014).
Effects of C-glycosylation on anti-diabetic, anti-Alzheimer's disease
and anti-inflammatory potential of apigenin. Food and Chemical
Toxicology, 64, 27-33. https://doi.org/10.1016/j.fct.2013.11.020

Corona, J. C. (2018). Natural compounds for the management of
Parkinson's disease and attention-deficit/hyperactivity disor-
der. BioMed Research International, 2018, 4067597. https://doi.
org/10.1155/2018/4067597

Diniz, T. C,, Silva, J. C,, Lima-Saraiva, S. R. G. D., Ribeiro, F. P. R.
D. A., Pacheco, A. G. M., de Freitas, R. M., ... Almeida, J. R. G. D.
S. (2015). The role of flavonoids on oxidative stress in epilepsy.
Oxidative Medicine and Cellular Longevity, 2015, 171756. https://doi.
org/10.1155/2015/171756

Elbaz, I., Zada, D., Tovin, A., Braun, T., Lerer-Goldshtein, T., Wang, G,, ...
Appelbaum, L. (2017). Sleep-dependent structural synaptic plasticity
of inhibitory synapses in the dendrites of hypocretin/orexin neurons.
Molecular Neurobiology, 54(8), 6581-6597. https://doi.org/10.1007/
$s12035-016-0175-x

Fifel, K., Meijer, J. H., & Deboer, T. (2018). Long-term effects of sleep
deprivation on neuronal activity in four hypothalamic areas.
Neurobiology of Diseases, 109(Pt A), 54-63. https://doi.org/10.1016/j.
nbd.2017.10.005

Fulda, S., & Schulz, H. (2001). Cognitive dysfunction in sleep disorders.
Sleep Medicine Reviews, 5(6), 423-445. https://doi.org/10.1053/
smrv.2001.0157

Gagnon, J. F.,, Petit, D., Latreille, V., & Montplaisir, J. (2008).
Neurobiology of sleep disturbances in neurodegenerative disor-
ders. Current Pharmaceutical Design, 14(32), 3430-3445. https://doi.
org/10.2174/138161208786549353

Gorgoni, M., D'Atri, A., Lauri, G., Rossini, P. M., Ferlazzo, F., & De Gennaro,
L. (2013). Is sleep essential for neural plasticity in humans, and how


https://orcid.org/0000-0001-8568-0954
https://orcid.org/0000-0001-8568-0954
https://doi.org/10.1111/j.1747-0285.2012.01400.x
https://doi.org/10.1038/ncomms4168
https://doi.org/10.1038/ncomms4168
https://doi.org/10.1155/2016/1320423
https://doi.org/10.1016/j.biopsych.2006.03.051
https://doi.org/10.1016/S1098-3597(04)90014-2
https://doi.org/10.1016/S1098-3597(04)90014-2
https://doi.org/10.1124/mol.116.105205
https://doi.org/10.1124/mol.116.105205
https://doi.org/10.1016/j.fct.2013.11.020
https://doi.org/10.1155/2018/4067597
https://doi.org/10.1155/2018/4067597
https://doi.org/10.1155/2015/171756
https://doi.org/10.1155/2015/171756
https://doi.org/10.1007/s12035-016-0175-x
https://doi.org/10.1007/s12035-016-0175-x
https://doi.org/10.1016/j.nbd.2017.10.005
https://doi.org/10.1016/j.nbd.2017.10.005
https://doi.org/10.1053/smrv.2001.0157
https://doi.org/10.1053/smrv.2001.0157
https://doi.org/10.2174/138161208786549353
https://doi.org/10.2174/138161208786549353

% | wiLEy—

KIM ET AL.

does it affect motor and cognitive recovery? Neural Plasticity, 2013,
103949. https://doi.org/10.1155/2013/103949

Grundmann, O., Wahling, C., Staiger, C., & Butterweck, V. (2009).
Anxiolytic effects of a passion flower (Passiflora incarnata L.) extract
in the elevated plus maze in mice. Die Pharmazie, 64(1), 63-64.

Hahn, E. A., Wang, H. X., Andel, R., & Fratiglioni, L. (2014). A change
in sleep pattern may predict Alzheimer disease. American Journal of
Geriatric Psychiatry, 22(11), 1262-1271. https://doi.org/10.1016/j.
jagp.2013.04.015

He, M., Min, J. W,, Kong, W. L., He, X. H., Li, J. X., & Peng, B. W. (2016).
A review on the pharmacological effects of vitexin and isovitexin.
Fitoterapia, 115, 74-85. https://doi.org/10.1016/j.fitote.2016.09.011

Jawna-Zboinska, K., Blecharz-Klin, K., Joniec-Maciejak, |., Wawer, A.,
Pyrzanowska, J., Piechal, A, ... Widy-Tyszkiewicz, E. (2016). Passiflora
incarnata L. Improves spatial memory, reduces stress, and affects
neurotransmission in rats. Phytotherapy Research, 30(5), 781-789.
https://doi.org/10.1002/ptr.5578

Joo, E. Y, Kim, H., Suh, S., & Hong, S. B. (2014). Hippocampal substruc-
tural vulnerability to sleep disturbance and cognitive impairment in
patients with chronic primary insomnia: Magnetic resonance imag-
ing morphometry. Sleep, 37(7), 1189-1198. https://doi.org/10.5665/
sleep.3836

Kang, J. Q., & Macdonald, R. L. (2016). Molecular pathogenic basis for
GABRG2 mutations associated with a spectrum of epilepsy syn-
dromes, from generalized absence epilepsy to Dravet syndrome.
JAMA Neurology, 73(8), 1009-1016. https://doi.org/10.1001/jaman
eurol.2016.0449

Kim, G. H., Lim, K., Yang, H. S., Lee, J. K., Kim, Y., Park, S. K., ... Yi, S. S.
(2019). Improvement in neurogenesis and memory function by ad-
ministration of Passiflora incarnate L. extract applied to sleep disor-
der in rodent models. Journal of Chemical Neuroanatomy, 98, 27-40.
https://doi.org/10.1016/j.jchemneu.2019.03.005

Kim, M., Lim, H. S., Lee, H. H., & Kim, T. H. (2017). Role Identification
of Passiflora incarnata Linnaeus: A mini review. Journal of
Menopausal Medicine, 23(3), 156-159. https://doi.org/10.6118/
jmm.2017.23.3.156

Livak, K. J., & Schmittgen, T. D. (2001). Analysis of relative gene expres-
sion data using real-time quantitative PCR and the 2(-Delta Delta
C(T)) method. Methods, 25(4), 402-408. https://doi.org/10.1006/
meth.2001.1262

Magee, C. A., Huang, X. F., Iverson, D. C., & Caputi, P. (2010). Examining
the pathways linking chronic sleep restriction to obesity. Journal of
Obesity, 2010, 1-8. https://doi.org/10.1155/2010/821710

Ngan, A., & Conduit, R. (2011). A double-blind, placebo-controlled inves-
tigation of the effects of Passiflora incarnata (passionflower) herbal
tea on subjective sleep quality. Phytotherapy Research, 25(8), 1153-
1159. https://doi.org/10.1002/ptr.3400

Park, Y. M., & Shin, H. W. (2016). Zolpidem induced sleep-related eating
and complex behaviors in a patient with obstructive sleep apnea and
restless legs syndrome. Clinical Psychopharmacology and Neuroscience,
14(3), 299-301. https://doi.org/10.9758/cpn.2016.14.3.299

Passos, G. S., Poyares, D., Santana, M. G., Teixeira, A. A. D. S,, Lira, F.
S., Youngstedt, S. D., ... de Mello, M. T. (2014). Exercise improves

immune function, antidepressive response, and sleep quality in pa-
tients with chronic primary insomnia. BioMed Research International,
2014, 498961. https://doi.org/10.1155/2014/498961

Piran, N., & Robinson, S. (2006). The association between disordered eat-
ing and substance use and abuse in women: A community-based in-
vestigation. Women and Health, 44(1), 1-20. https://doi.org/10.1300/
J013v44n01_01

Schroeck, J. L., Ford, J., Conway, E. L., Kurtzhalts, K. E., Gee, M. E.,
Vollmer, K. A., & Mergenhagen, K. A. (2016). Review of Safety and
Efficacy of sleep medicines in older adults. Clinical Therapeutics,
38(11), 2340-2372. https://doi.org/10.1016/j.clinthera.2016.09.010

Te Lindert, B. H. W., Itzhacki, J., van der Meijden, W. P., Kringelbach, M.
L., Mendoza, J., & Van Someren, E. J. W. (2018). Bright environmental
light ameliorates deficient subjective 'liking' in insomnia: An expe-
rience sampling study. Sleep, 41(4), 1-13. https://doi.org/10.1093/
sleep/zsy022

Trotti, L. M., & Karroum, E. G. (2016). Melatonin for sleep disorders
in patients with neurodegenerative diseases. Current Neurology
and Neuroscience Reports, 16(7), 63. https://doi.org/10.1007/
s11910-016-0664-3

Ulbricht, C., Basch, E., Boon, H., Karpa, K. D., Gianutsos, G., Nummy, K.,
... Woods, J. (2008). An evidence-based systematic review of pas-
sion flower (Passiflora incarnata L.) by the Natural Standard Research
Collaboration. Journal of Dietary Supplements, 5(3), 310-340. https://
doi.org/10.1080/19390210802414360

Vistica, D. T., Skehan, P., Scudiero, D., Monks, A., Pittman, A., & Boyd,
M. R. (1991). Tetrazolium-based assays for cellular viability: A critical
examination of selected parameters affecting formazan production.
Cancer Research, 51(10), 2515-2520.

Yanovsky, Y., Schubring, S., Fleischer, W., Gisselmann, G., Zhu, X. R.,
Lubbert, H., ... Sergeeva, O. A. (2012). GABAA receptors involved
in sleep and anaesthesia: betal- versus beta3-containing assemblies.
Pflugers Archiv: European Journal of Physiology, 463(1), 187-199. https
://doi.org/10.1007/s00424-011-0988-4

Yurcheshen, M., Seehuus, M., & Pigeon, W. (2015). Updates on nutraceu-
tical sleep therapeutics and investigational research. Evidence-Based
Complementary and Alternative Medicine, 2015, 105256. https://doi.
org/10.1155/2015/105256

SUPPORTING INFORMATION
Additional supporting information may be found online in the

Supporting Information section.

How to cite this article: Kim G-H, Kim Y, Yoon S, Kim S-J,

Yi SS. Sleep-inducing effect of Passiflora incarnata L. extract by
single and repeated oral administration in rodent animals. Food
Sci Nutr. 2020;8:557-566. https://doi.org/10.1002/fsn3.1341



https://doi.org/10.1155/2013/103949
https://doi.org/10.1016/j.jagp.2013.04.015
https://doi.org/10.1016/j.jagp.2013.04.015
https://doi.org/10.1016/j.fitote.2016.09.011
https://doi.org/10.1002/ptr.5578
https://doi.org/10.5665/sleep.3836
https://doi.org/10.5665/sleep.3836
https://doi.org/10.1001/jamaneurol.2016.0449
https://doi.org/10.1001/jamaneurol.2016.0449
https://doi.org/10.1016/j.jchemneu.2019.03.005
https://doi.org/10.6118/jmm.2017.23.3.156
https://doi.org/10.6118/jmm.2017.23.3.156
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.1155/2010/821710
https://doi.org/10.1002/ptr.3400
https://doi.org/10.9758/cpn.2016.14.3.299
https://doi.org/10.1155/2014/498961
https://doi.org/10.1300/J013v44n01_01
https://doi.org/10.1300/J013v44n01_01
https://doi.org/10.1016/j.clinthera.2016.09.010
https://doi.org/10.1093/sleep/zsy022
https://doi.org/10.1093/sleep/zsy022
https://doi.org/10.1007/s11910-016-0664-3
https://doi.org/10.1007/s11910-016-0664-3
https://doi.org/10.1080/19390210802414360
https://doi.org/10.1080/19390210802414360
https://doi.org/10.1007/s00424-011-0988-4
https://doi.org/10.1007/s00424-011-0988-4
https://doi.org/10.1155/2015/105256
https://doi.org/10.1155/2015/105256
https://doi.org/10.1002/fsn3.1341

