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Nyctinastic herbs decoction improves para‑chlorophenylalanine‑
induced insomnia by regulating the expression level of 
neurotransmitters
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Background: As traditional Chinese medicine (TCM), nyctinastic herbs have been used in treating 
insomnia in China since ancient times according to its similar circadian rhythm as human beings. However, 
the pharmacodynamic characteristics and mechanism of these herbs have not been explored in depth.
Methods: In the study, we chose He Huan Pi (Albizia julibrissin Durazz.), Ye Jiao Teng (Polygonum 
multiflorum Thunb.), Bai He (Lilium brownie F. E. Brown var. viridulum Baker), and Lianzi (Nelumbo nucifera 
Gaertn) to form a TCM compound decoction [nyctinastic herb decoction (NHD)] and to investigate 
its sedative and hypnotic effect on para-chlorophenylalanine (PCPA)-induced insomnia rodents by 
pentobarbital-induced sleep test (PIST), behavior test [including locomotor activity (LMA), forced swim test 
(FST), tail suspension test (TST)] and electroencephalograph (EEG). The expression of neurotransmitters 
were detected to explain the possible mechanism of NHD.
Results: NHD was found to have good sedative effects on reducing the moving distance, prolonging sleep 
time, improving the sleep quality and depression status. NHD attenuated the insomniac effect of PCPA by 
increasing the level of 5-hydroxytryptamine (5-HT) and 5-hydroxyindoleacetic acid (5-HIAA), and reducing 
the level of dopamine (DA), norepinephrine (NE), acetylcholine (ACh) in the hypothalamus.
Conclusions: The findings of the present study confirmed the sedative and hypnotic effect of NHD, and 
clarified its possible mechanism from neurotransmitters.
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Introduction

Insomnia has a high prevalence in the general population 
and can have a serious impact on physical and mental health. 
Previously published studies have shown that the global 
prevalence of short-term insomnia symptoms is 30–50%, and 
nearly 860 million people suffer from insomnia every year 
(1,2), indicating a high incidence and frequent occurrence.

Chronic insomnia is considered to be a significant risk 
factor for the development of mental problems. It can often 
be accompanied by depression, anxiety, schizophrenia, and 
even suicidal tendency (3-5), which can have a serious impact 
on quality of life and can lead to various health problems, 
such as heart disease, hypertension, diabetes, obesity (6), 
Alzheimer’s disease, and menopausal syndrome (7). In 
addition, the daytime dysfunction caused by insomnia can 
also cause socioeconomic problems (8).

For the treatment of insomnia, drug therapy is currently 
the first choice to obtain and maintain sleep due to its good 
efficacy in shortening sleep latency and prolonging sleep 
time. However, patients can also effects from drug therapy, 
including drug resistance, hangover, and withdrawal 
reactions, which can lead to the drug dependence in the 
human body and get fearful of it (7,9).

Traditional Chinese medicine (TCM) has a long history 
in treating insomnia and has accumulated rich clinical 
experience. The application of herbal medicines is of 
particular interest. The sleep-wake rhythm is usually found 
in mammals, but plants also have similar movements. For 
example, lilies open during the day and close at night, 
Albizzia leaves assume a horizontal position during the day 
and vertical at night, and the stems of Polygonum multiflorum 
are loose during the day and cross at night. In botany, these 
plant movements are called “nyctinasty”, and these plants 
are called “nyctinastic plants” (10). Previous studies have 
shown that nyctinasty is mainly seen in the Leguminosae, 
Nymphaeaceae, Liliaceae, and Polygonaceae families (11-13). 
Therefore, as nyctinastic plants have a similar rhythm 
as humans, some nyctinastic plants are used as herbal 
medicines to treat insomnia in TCM and have proven 
effective.

However, to the best of our knowledge, there are no 
systematic studies on the pharmacodynamic characteristics 
and mechanisms of these herbs. To further explore the 
sedative and hypnotic effects of nyctinastic herbs, we chose 
He Huan Pi (Albizia julibrissin Durazz.), Ye Jiao Teng 
(Polygonum multiflorum Thunb.), Bai He (Lilium brownie F. 
E. Brown var. viridulum Baker), and Lianzi (Nelumbo nucifera 

Gaertn.) to form a TCM compound decoction [nyctinastic 
herbs decoction (NHD)], and investigated its sedative-
hypnotic effects.

The sleep of rodents, such as rats and mice, is fragmented, 
with a higher frequency of conversion between sleep and 
awakening, and shorter sleep cycle; therefore, rodents can be 
considered insomniacs. Although the activity characteristics 
of rodents are contrary to those of humans, the difference 
in behavior is mainly related to the different responses of 
retinal receptors to light and dark. Therefore, the efficacy of 
sedative and hypnotic drugs in humans is similar to that in 
rodents.

Compared with other modeling methods, the para-
chlorophenylalanine (PCPA)-induced insomniac model 
has a short modeling cycle, clear target, and significant 
insomnia characteristics, and is suitable for the early 
screening of insomnia drugs.

Therefore, in the present study, we chose rodents to 
establish a PCPA-induced insomniac model to investigate 
the sedative-hypnotic effects of NHD so as to provide an 
experimental basis for the development and application of 
these herbs in treating insomnia.

We present the following article in accordance with the 
ARRIVE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-4462).

Methods

Chemicals, reagents, and materials

PCPA-methyl ester was purchased from Alfa Aesar 
(Tewksbury, MA, USA). Diazepam (DZP) was obtained 
from Shanghai Sine Pharmaceutical  Laboratories 
(Shanghai, China). Pentobarbital sodium was obtained 
from Sinopharm Chemical Reagent (Beijing, China). 
Chemical references, including 5-hydroxytryptamine (5-
HT), 5-hydroxyindoleacetic acid (5-HIAA), dopamine 
(DA), norepinephrine (NE), and acetylcholine (ACh), were 
purchased from Shanghai Yuanye Biotechnology (Shanghai, 
China), of which the purity were above 98%. HPLC-grade 
acetonitrile, methanol, and acetic acid were purchased from 
Fisher Scientific (Waltham, MA, USA). Ultrapure water 
was prepared using the Milli-Q water system (Millipore; 
Billerica, MA, USA).

NHD preparation

The herbal medicines in NHD were purchased from 

https://dx.doi.org/10.21037/atm-21-4462
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Shanghai Huayu Pharmaceutical (Shanghai, China) and 
identified by Shanghai Leiyunshang Pharmaceutical 
(Shanghai, China) (Table 1).

The NHD was decocted according to the clinical 
medication method. The added water was 8 times the 
amount of the herbs. The herbs were decocted for 
40 min after soaking. Repeated the above steps. Then, 
the decoction was mixed, filtered, and concentrated to a 
0.12 g/mL drug. The decoction was stored at −20 ℃ until 
administration.

Components of NHD determined by ultra-high 
performance liquid chromatography/quadrupole  
time-of-flight/mass spectrometry (UHPLC/QTOF/MS)

The UHPLC/QTOF/MS was used, and chromatographic 
separation was achieved using the Waters Xbridge BEH 
C18 column (12.1×150 mm, 2.5 µm) (Milford, MA, USA). 
The 0.1% formic acid in water (A) and acetonitrile (B) 
were chosen as the mobile phases. The elution gradient was 
as follows: 0 min 5% B, 3 min 50% B, 15 min 100% B, and 
30 min 0% B. The column temperature was set at 35 ℃  
and the flow rate was 300 μL/min. Experimental samples 
were analyzed according to the authenticated standards.

Animals

Specific pathogen-free male C57BL/6 mice (aged 8–10 weeks,  
approval number: 2018004011719) were obtained from 
Shanghai Jiesijie Laboratory Animal (Shanghai, China). 
Specific pathogen-free male Wistar rats (aged 8–10 weeks, 
approval number: 20170005005631) were obtained from 
Shanghai Silaike Laboratory Animal. The animals were kept 
in Shanghai University of Traditional Chinese Medicine, 
with controlled environment of 23±2 ℃, relative humidity 
of 50%±5% and a 12-h light (7:00–19:00)/dark cycle (19:00–
7:00) for 1 week prior to the experiment. All animals were 
given standard rodent chow and fresh water ad libitum.

Experiments were performed under a project license 
(license number: PZSHUTCM 19011811) granted by the 
laboratory animal ethics review committee of Shanghai 
University of Traditional Chinese Medicine, in compliance 
with national guidelines for the care and use of animals in 
China.

Animal experiment design

Considering the number of equipment, the data loss 
and sample size requirements, 102 C57BL/6 mice were 
used to assess the dose-effect relationship of the NHD 
by pentobarbital-induced sleep test (PIST), short-term 
locomotor activity test (ST-LMA), and behavioral despair 
test, and a total of 20 Wistar rats were used to assess the 
sedative and hypnotic effects of NHD using a long-term 
behavior test and electroencephalographic (EEG). The 
experimental design is summarized in Figure 1.

PIST
A total of 30 mice were randomly divided into 5 groups  
(6 mice in each cage) as follows: blank group [0.9% normal 
saline (NS), 10 mL/kg], DZP group (0.325 mg/kg), NHD 
group (12 g/kg), NHD group (6 g/kg) and NHD group  
(3 g/kg). The treatment lasted for 7 days without modeling. 
The test was carried out 30 min after treatment on the  
7th day.

ST-LMA
A total of 36 mice were randomly divided into 6 groups 
(single housed) as follows: vehicle-control group (0.9% NS, 
10 mL/kg), PCPA-control group (0.9% NS, 10 mL/kg),  
PCPA-DZP group (0.36 mg/kg), PCPA-NHD group  
(12 g/kg), PCPA-NHD group (6 g/kg) and PCPA-NHD 
group (3 g/kg). After modeling, the treatment lasted for 
7 days. The test was carried out before modeling, 30 min 
after treatment on the 7th day, and 24 h after treatment on 
the 8th day.

Table 1 Composition of NHD

Latin name Family Part used Voucher number Weight (g)

Albizia julibrissin Durazz. (He Huan Pi) Leguminosae Bark 1710100 18

Polygonum multiflorum Thunb. (Ye Jiao Teng) Polygonaceae Stem 1706170 30

Lilium brownie F. E. Brown var. viridulum Baker (Bai He) Liliaceae Bulb 17091301 18

Nelumbo nucifera Gaertn (Lian Zi) Nymphaeaceae Seed 2017061301 24

NHD, nyctinastic herbs decoction.
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Emotional behaviors test
The emotional behaviors text included a forced swim test 
(FST) and tail suspension test (TST). A total of 36 mice 
were randomly divided into 6 groups (6 mice in each cage) 
as follows: vehicle-control group (0.9% NS, 10 mL/kg), 
PCPA-control group (0.9% NS, 10 mL/kg), PCPA-DZP 
group (0.36 mg/kg), PCPA-NHD group (12 g/kg), PCPA-
NHD group (6 g/kg) and PCPA-NHD group (3 g/kg). 
After modeling, the treatment lasted for 7 days. The FST 
was carried out at 14:00 on the 6th and 7th days. The TST 
was carried out at 14:00 on the 8th day.

Long-term locomotor activity test (LT-LMA) and EEG
A total of 20 rats were randomly divided into 4 groups 
(single housed) as follows: vehicle-control group (0.9% NS, 
10 mL/kg), PCPA-control group (0.9% NS, 10 mL/kg),  
PCPA-NHD (8 g/kg), and PCPA-DZP (0.24 mg/kg). After 
modeling, the treatment lasted for 7 days. The behavior 
and EEG of the rats were recorded before modeling, 
on the 2nd day after modeling, and the on 7th day after 
treatment.

Animal modeling and treatment

PCPA, a 5-HT deplete, was used to establish the insomnia 
model. PCPA is almost insoluble in all non-toxic delivery, 
and we used the methyl ester form of PCPA to obtain a 
stable solution (14). PCPA-methyl ester was suspended in 
saline (0.9% NS).

The insomnia model were established with an intraperitoneal 

(i.p.) injection of PCPA (300 mg/kg) at 8:00 for 2 days to 
decrease 5-HT in the brain. The animals in the blank group 
received the same dose of solvent control.

All drugs were intragastrically administered for 7 days 
at 16:00–16:30 with different dose of NHD or DZP  
(0.1 mL/10 g). DZP was used as a positive control drug for 
NHD. The dosage of NHD (12 g/kg), DZP (0.36 mg/kg)  
for mice and NHD (8 g/kg), DZP (0.24 mg/kg) for rats 
was converted from the clinical dosage for human. The 
animals in the control and model groups received the same  
volume of NS.

PIST

At 30 min after treatment, pentobarbital sodium (45 mg/kg,  
i.p.) was administrated to the mice. Sleep latency and the 
sleep duration were observed with the disappearance of 
righting reflex for >1 min. Sleep latency refers to the time 
from the beginning of pentobarbital sodium injection to the 
disappearance of righting reflex for >1 min. Sleep duration 
refers to the time from the disappearance of righting reflex 
>1 min to the recovery of righting reflex.

Behavioral assessments

To evaluate the NHD-induced behavioral efficacy, PCPA-
injected animals were assessed by the ST-LMA, FST, 
TST, and LT-LMA. The experimenter was blinded to the 
treatment group for all studies. All the short-term tests were 
recorded during the active phase of the light cycle (16:30–

Pentobarbital-induced 
sleep test

Short-term locomotor 
activity test

Long-term locomotor 
activity test and EEG

PCPA 2d  
(300 mg/kg, ip)

PCPA 2d  
(300 mg/kg, ip)

PCPA 2d  
(300 mg/kg, ip)LT-LMA 

EEG
LT-LMA 

EEG
LT-LMA 

EEG

ST-LMA ST-LMA ST-LMA

FST FST TST
Behavioral despair test

Daily administration of 0.9% NS, DZP (0.325 mg/kg), NHD group (12 g/kg, 6 g/kg, 3 g/kg)

Daily administration of 0.9% NS, DZP (0.325 mg/kg), NHD group (12 g/kg, 6 g/kg, 3 g/kg)

Daily administration of 0.9% NS, DZP (0.325 mg/kg), NHD group (12 g/kg, 6 g/kg, 3 g/kg)

Daily administration of 0.9% NS, DZP (0.24 mg/kg), NHD group (8 g/kg)

PIST

10 11987654321

Figure 1 Timeline of the study design. NS, normal saline; DZP, diazepam; NHD, nyctinastic herbs decoction; ST-LMA, short-term 
locomotor activity test; LT-LMA, long-term locomotor activity test; PCPA, para-chlorophenylalanine; EEG, electroencephalographic.
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17:30), and long-term tests were recorded throughout the 
whole 24-h dark/light cycle (15,16).

ST-LMA
The mice were individually housed in home cages and 
acclimated to the test environment for 24 h prior to the ST-
LMA. The testing environment was illuminated by a warm 
color lamp (<125 lumens). The room noise was controlled 
so that it was under 70 dB. The enrichment material was 
removed from the cages before testing (17). The test lasted 
for 30 min. A video-tracking system (Ethovision XT 14, 
Wageningen, the Netherlands) was used to record the 
distance traveled as a measure of locomotor activity (LMA). 
During the non-measuring intervals, the mice were allowed 
access to food and water.

TST
The TST was carried out according to the method 
described by Can et al. (18). Each mouse was individually 
suspended 20 cm away from the bottom of the suspension 
support for 6 min by placing tape approximately 2 cm from 
the very end of the tail on the suspension bar. A 4-cm long, 
1.3-cm internal diameter climbing stopper was placed 
around the tails of the mice to prevent tail climbing (18). 
A video-tracking system (Ethovision XT 14) was used to 
record and measure the total immobility time of the mice 
during the last 4 min.

FST
The FST was conducted according to the reported method 
originally described by Can et al. (19). Briefly, the mice were 
placed in an open cylindrical container (30 cm in height, 
14 cm in diameter) containing water up to 20 cm high at 
23±1 ℃ and were observed for 6 min. The immobility time 
during the final 4 min was then determined and analyzed by 
the video-tracking system (Ethovision XT 14).

LT-LMA
The rats were individually housed in isolation chambers  
(40 cm × 40 cm × 50 cm) with a feeding and drinking 
opening. Temperature and humidity were maintained at 
22±2 ℃ and 55%±5%, respectively, with a 12-h light-dark 
cycle. Before the test, the gray enrichment material was used 
to cover the bottom of the cage, and food and water was 
provided to the rats. A video-tracking system (Ethovision 
XT 14) was used to analyze the moving distance of rats 
during the light/dark phase (17). The recording started at 

19:00, which was the beginning of the dark period.

Sleep data acquisition and analysis

The sleep data were acquired using EEG implants. The 
implant surgery was performed under anesthesia. For the 
anesthesia, 1% pentobarbital sodium was administered i.p. 
(45 mg/kg). The implant was placed in the subcutaneous 
tunnel over the back for EEG recordings. The wires of 
the implant was attached to two steel screws (2 mm long,  
1.2 mm diameter). The screws were inserted through the 
cortex [anteroposterior (AP): −3.5, mediolateral (ML): 
2.0] and fixed to the cortex with dental cement. After the 
surgical implantation, the rats were injected with penicillin 
sodium (80,000 unit dose for each rat) for 3 days and 
allowed to recover for 3 weeks until the experiments. After a 
3-week recovery, the rats were individually housed in home 
cages and acclimatized to the test environment for 3–4 days.

The EEG was recorded by LabChart 8.0 (ADInstruments, 
USA) and was analyzed by SleepSign software (KISSEI 
COMTEC, Nagano, Japan). The signals were amplified and 
filtered to 0.5–30 Hz, then digitized at a sampling rate of 
128 Hz. The sleep-wake stages were automatically classified 
as wake, non-rapid eye movement (NREM) sleep, or rapid 
eye movement (REM) sleep in 10-s periods according to the 
criteria described as Huang (20,21) (Figure S1). The defined 
stages were then checked manually and corrected if necessary. 
The total sleep time, the sleep-wake trend, and the sleep 
quality were assessed and differences compared among the 
four groups. The EEG recording and LA-LMA were carried 
out simultaneously.

Sampling method

After treatment, the animals were euthanatized with carbon 
dioxide. The hypothalamus of each rat was removed quickly, 
placed on ice, weighed, and stored at −80 ℃.

Determination of neurotransmitter levels in the 
hypothalamus

The expression levels of 5-HT, 5-HIAA, NE, DA, and ACh 
in the hypothalamus were detected by UPLC-MS. The 
identification (by retention time) and purity (by peak area) of 
compounds in tissue samples were determined by comparing 
with reference materials of 1 μg/mL 5-HT, 5-HIAA, NE, 
DA, and ACh in water acetonitrile (8:2, V/V) (22).

https://cdn.amegroups.cn/static/public/ATM-21-4462-Supplementary.pdf
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Statistical analysis

The UHPLC/QTOF/MS data is imported into MS-
DIAL 4.20 software (Yokohama City, Kanagawa, Japan) 
for preprocessing, including peak extraction, denoising, 
deconvolution, peak alignment, and the 3D data matrix 
in CSV format (23). The extracted peak information was 
compared with the database. The main components were 
screened according to the matching degree (>80%).

The data of the behavior test, EEG, and neurotransmitter 
analysis were expressed as mean ± standard error of mean. 
One-way analysis of variance, followed by Dunnett’s test, 
were used to determine the results of multiple groups. 
Paired t-test was used to determine the difference between 
the pre-and post-modeling and therapy. P<0.05 was 
considered to be statistically significant. All data were 
analyzed using SPSS version 21.0 for Windows (SPSS, 
Chicago, IL, USA).

Results

Compounds detected in NHD

Thirty-seven main phytochemical constituents in an 
extract of NHD were detected and identified by UHPLC/
QTOF/MS in the electrospray ionization (ESI) positive 
and negative ionization mode. The detailed chemical 

information of NHD is shown in Figures 2,3 and Tables 2,3.

Effective dose of NHD for sedative and hypnotic effects 

We studied the sedative and hypnotic effects of different 
dosages of NHD in normal mice by evaluating the sleep 
latency and sleep time in PIST. As shown in Figure 4, NHD 
(12 g/kg) significantly potentiated the hypnotic effects of 
pentobarbital sodium by shortening sleeping latency and 
lengthen sleep time and, which were in concentration-
dependent manner.

As illustrated in Figure 5, the moving distance of the 
PCPA group was significantly increased after modeling. The 
increasing degree of mid-dose NHD (6 g/kg) group was much 
lower in comparison with PCPA group and there was no 
statistical difference with baseline. The moving distance of the 
high-dose NHD (12 g/kg) group decreased significantly, which 
was approximately 40–50% of baseline. The results indicated 
that the protective effects of NHD were dose dependent, and 
the high dose (12 g/kg) of NHD exhibited similar sedative 
effects compared with the positive control drug DZP.

Twenty-four hours after administration, the moving 
distances of the NHD group (6 g/kg, 12 g/kg) nearly 
recovered to baseline level, suggesting that NHD had no 
significant sedative effect on the second day and could 
effectively inhibit the increase of moving distances by PCPA.
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Figure 2 UHPLC/QTOF/MS base peak chromatogram in positive ionization mode. UHPLC/QTOF/MS, ultra-high performance liquid 
chromatography/quadrupole time-of-flight/mass spectrometry.
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Figure 3 UHPLC/QTOF/MS base peak chromatogram of the extract in negative ionization mode. UHPLC/QTOF/MS, ultra-high 
performance liquid chromatography/quadrupole time-of-flight/mass spectrometry.

Table 2 Compounds detected and identified in positive ionization mode

No. Retention time (min) Precursor m/z Identification Formula

1 1.738733 118.0861 Glycine betaine C5H11NO2

2 1.831733 138.0555 Trigonelline C7H7NO2

3 6.084867 277.1642 Coumaroyl agmatine C14H20N4O2

4 6.314533 425.1425 Beta-D-glucopyranoside, phenylmethyl 6-O-[(2R,3R,4R)-tetrahydro-3, 
4-dihydroxy-4-(hydroxymethyl)-2-furanyl]

C18H26O10

5 6.404867 147.0426 Coumaric acid C9H8O3

6 10.16518 336.121 Berberine C20H18NO4

7 10.40518 317.0596 Isorhamnetin C16H12O7

8 10.91065 431.1324 Ononin C22H22O9

9 10.93798 255.0656 Daidzein C15H10O4

10 11.25913 271.0586 Emodin C15H10O5

11 11.26613 433.1119 Apigetrin C21H20O10

12 14.8778 271.0611 Genistein C15H10O5

13 16.08225 285.0767 Wogonin C16H12O5

14 16.3109 285.0767 Questin C16H12O5

15 17.62485 271.0587 1,3,8-Trihydroxy-6-methylanthracene-9,10-dione C15H10O5

16 21.10118 301.071 Tectorigenin C16H12O6
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Table 3 Compounds detected and identified in negative ionization mode

No. Retention time (min) Precursor m/z Identification Formula

1 2.0747 133.0178 D-(+)-Malic acid C4H6O5

2 5.384533 153.0214 Protocatechuic acid C7H6O4

3 6.345 787.2714 Eleutheroside E C34H46O18

4 6.714317 447.0975 Luteolin-7-O-glucoside C21H20O11

5 6.8433 431.1001 Vitexin C21H20O10

6 7.0098 121.0319 Benzoic acid C7H6O2

7 7.109283 189.0551 6,8-Dimethyl-4-hydroxycoumarin C11H10O3

8 7.197783 163.0432 P-Coumaric acid C9H8O3

9 8.282733 431.1031 5-Hydroxy-2-(4-hydroxyphenyl)-7-[(2S,3R,4S,5S,6R)-3,4, 
5-trihydroxy-6-(hydroxymethyl)oxan-2-yl]oxychromen-4-one

C21H20O10
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Figure 6 shows the effect of NHD on the immobility time 
in the FST and TST. Compared with the vehicle-control 
group, the immobility time of the PCPA group significantly 
increased. The administration of NHD at 12 and 6 g/kg could 
significantly decrease the immobility time in the FST and 
TST, indicating that the oral treatment of NHD was effective 
in improving the depression states induced by PCPA (24).

Sedative and hypnotic effects of NHD on PCPA-induced 
insomnia rats

Body weight and food intake
Serotonin was depleted by the administration of PCPA. 

The decrease of serotonin level in the body led to appetite 
suppression and weight loss. As shown in Figure 7, after the 
2-day injection of PCPA, body weight and food intake of the 
model group decreased significantly and the administration 
of DZP and NHD could gradually reverse the trend.

Daily activities and sleep
In this part of the study, we analyzed the efficacy of NHD 
in sleep improvement, which was mainly evaluated via LT-
LMA and EEG on PCPA-induced insomnia rats (Figure 7).

Rats are crepuscular animals. The daily activities of the 
rats are in circadian rhythm. The moving distance and 
sleep-wake duration can reflect the rhythm of animals. Rat 
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activity is characterized by reduced moving distance during 
the day and increased moving distance at night, which 
corresponds to the dominance of wake stage in dark phase, 
while the NREM and REM stages are dominant during the 
light phase.

After inducing PCPA, the daily moving distance of the 
rats was significantly increased compared with the initial 
state. The EEG results showed that the wake stage duration 
increased in the dark phase, while the NREM stage 
duration decreased in the light phase. Almost no REM sleep 
stage was found, suggesting that the circadian rhythm of the 
rats is disturbed and can be considered to be insomnia.

Under administration, the LMA distance of rats in the 
dark phase decreased significantly. The EEG also showed 
that the sedative and hypnotic effects of NHD and DZP on 
sleep were mainly concentrated in the dark phase, which 
could reduce the duration of the wake stage and increase 
the duration of NREM stage. DZP had more obvious 
increase in NREM phase, and NHD had more advantages 
in prolonging REM duration. However, there was no 
significant change in the moving distance and sleep time 
during the day.

During data recording, the EEG signals of 1 rat in the 
PCPA-control group and one rat in the PCPA + DZP group 
were lost. The activity data were recorded for both rats, but 
not EEG data.

Time course changes of sleep

Analysis of the hourly change trend of the sleep-wake 
duration can reflect the onset and duration of the action.

As shown in Figure 8, the NREM and REM time of 
normal rats increased in the light period and decreased in 
the dark. Compared with the normal rats, the NREM time 

per hour of the PCPA-induced rats declined dramatically 
in the light period, and the REM time almost disappeared 
during the whole photo period.

The effects of NHD and DZP on the sleep duration 
of rats showed were similar; the NREM and REM 
time gradually increased after 1–2 h of administration. 
The sedative and hypnotic effects could be maintained 
for approximately 7–8 h. Then, the sleep time started 
decreasing without a significant hypnotic effect on the light 
period.

Sleep quality of rats

The sleep of rats is fragmented and is characterized by the 
relatively short duration and high frequency alternation 
from wakefulness to sleep (17). The analysis of the sleep 
quality of rats will help to further understand the role of 
NHD in sleep regulation.

Compared with the normal rats, the number of both 
wake and NREM stage episodes increased, the transition 
times between each stage increased, and the mean duration 
declined in the PCPA group. However, NHD effectively 
attenuated the insomniac effect of PCPA by reducing 
the number of wake and NREM stage episodes and the 
transition between wakefulness to sleep, increasing the 
number of REM phases and prolonging sleep duration 
(Figure 9).

In this experiment, the sleep duration of rats was further 
divided into the following three parts: short duration (<30 s),  
mid duration (30–120 s), and long duration (>120 s). The 
rats in the PCPA group showed a significant increase in 
the counts of short duration in NREM and REM sleep 
and a sharp decrease in that of the long duration. NHD 
can improve sleep fragmentation by reducing the counts 
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of short duration and increasing long duration in NREM 
sleep, and increasing the frequency of both short and long 
duration in REM sleep (Figure 10).

Target of sedative and hypnotic effects of NHD

We evaluated the effect of NHD by detecting the expression 
of neurotransmitters in the hypothalamus of rats in order to 
explore the target of NHD in treating insomnia. Compared 
with the vehicle-control group, the levels of 5-HT and 
5-HIAA in the hypothalamus decreased, and NE, DA, and 
ACh increased in the PCPA group. The expressions of 5-HT 
and 5-HIAA in the hypothalamus increased in the NHD 
and DZP groups, increasing the ratio of 5-HIAA/5-HT and 
reducing the level of NE, DA, and ACh in comparison with 

the PCPA group (Figure 11).

Discussion

Sleep is important for eliminating fatigue and restoring 
energy. Lack of sleep can lead to physical or mental 
problems. Due to the adverse events, such as drug 
resistance, hangover, or withdrawal reaction, many people 
are more willing to take herbal medicines to treat insomnia.

Previous experimental research has confirmed that 
the extract of Lilium davidii has sedative and hypnotic 
effects that may be associated with the hypothalamic-
related neurotransmitters, 5-HT and γ-aminobutyric acid  
(GABA) (25). Procyanidin B2 from the lotus seedpod can 
treat insomniac rats by increasing the cerebral concentrations 
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of 5-HT and GABA, and decreased the level of 5-HT and 
Glu (26). Flavonol glycosides isolated from the Albizia 
julibrissin have also demonstrated sedative effects (27). In 
clinical practice, Albizia julibrissin, Polygoni Multiflori Caulis, 
Bulbus Lilii, and Semen Nelumbinis Nuciferae are all commonly 
used in patients with sleep disorder (28-30).

In the present study, we first studied these nyctinastic 
herbs as a common classification and combined these 
nyctinastic herbs into a compound and to investigate the 
sedative and hypotic effects through EEG and multiple 
behavioral experiments.

PCPA-induced insomnia is a recognized insomnia model 
in the research community. Compared with other modeling 

methods, its modeling cycle is short, its action target is 
clear, and its insomnia characteristics are significant. It is 
suitable for early screening of insomnia drugs. Thus, we 
used the PCPA-induced insomniac rat model to assess the 
sedative and hypnotic effects of NHD.

In the experiment, the ST-LMA and PIST were 
performed to evaluate the most effective dose of NHD. It 
can indirectly reflect the sedative effects through measuring 
the moving distances of the ST-LMA and the sleep latency 
and sleep time of PIST. The results suggested that the 
sedative and hypnotic effects of NHD were dose dependent 
and mainly manifested in reducing the moving distance of 
ST-LMA, decreasing sleep latency and increasing the sleep 
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time in the PIST.
However, the short-term behavior can not completely 

reflect the activity of the animals throughout the day. We 
used the LT-LMA to clarify the 24-h effect of NHD (31). 
Rats are nocturnal animals and active at night. Therefore, 
to better reflect the sedative effects of NHD, treatment was 
done at the beginning of the dark phase (32). The results 

showed that NHD could improve the PCPA-induced 
insomniac rats by reducing the moving distance in dark 
phase.

Together with the behavior test, the 24-h EEG was used 
to further detect the efficacy of NHD on sleep regulation, 
including time, trend, and quality. For the sleep time, NHD 
could prolong the time of the NREM and REM stages. For 
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the effect trend, NHD could work within 1–2 h and could 
be last for about 7–8 h. NHD can improve the sleep quality 
by increasing the long duration of the sleep stage and 
decreasing the transition between wakefulness to sleep.

Hangover is the common side-effect of sedative-
hypnotics. In this experiment, we further tested the moving 
distances 24 h after the administration in ST-LMA and 
the moving distances in the light period in LT-LMA. The 
findings indicated that had no significant effects on the 
activity of animals on the second day for both.

In addition, persistent insomniac states could cause 
mental problems, such as depression. The immobility 
time in the FST and TST reflects the depression degree 
of the animals. The results of the FST and TST indicated 
that the immobility time was significantly increased in the 
PCPA-induced insomniac mice. NHD oral treatment was 
effective in reducing the immobility time and improving the 
depression states induced by PCPA.

Sleep and wake states in mammals are associated with 
neurotransmitter input in the hypothalamus, such as 5-HT 
and DA (33). Therefore, changes in neurotransmitter 
levels will that push the brain into irregular modes and 
manifest as insomnia. In order to explore the role of NHD 
in the treatment of insomnia, we measured the changes of 
five neurotransmitters related to sleep regulation in the 
hypothalamus.

5-HT plays a key role in the maintenance and modulation 
of sleep (34). PCPA is a tryptophan hydroxylase inhibitor, 
which has been widely used to produce serotonin-depleting 
symptoms of insomnia (35), and 5-HIAA is the metabolite of 
5-HT. The ratio of 5-HIAA/5-HT reflects the utilization rate 
of 5-HT in brain tissue, which is an important indicator to 
measure the severity of insomnia (24,36). Our results indicated 
that NHD can increase the expression of 5-HT and 5-HIAA 
and the ratio of 5-HIAA/5-HT, which suggests that NHD can 
promote the utilization of 5-HT to maintain sleep state.

NE, DA, and ACh are considered neurotransmitters related 
to arousal, and they are in dynamic equilibrium with 5-HT 
in brain tissue (24,37). When the ratio of NE, DA, and ACh 
increase, the central nervous system is in a state of excitation. 
The findings indicated that the ratios of NE, DA, and ACh 
increased in PCPA-induced insomniac rats, and following 
NHD, the ratios decreased, indicating that NHD can 
effectively inhibit the excitability of the central nervous system.

Conclusions

The findings of the present study confirmed the sedative 

and hypnotic effect of NHD on PCPA-induced insomnia, 
and clarified its mechanism through the expression of 
neurotransmitters. However, the pathogenesis of insomnia 
is wide ranging. The PCPA model, as an acute insomnia 
model induced by chemical factors, cannot accurately 
represent the cause of insomnia in humans. Therefore, the 
efficacy of NHD will need to be verified by more insomnia 
models in the future. The monomer research will also 
be carried out to check whether these main components 
of NHD are the key or sedation and hypnosis and to 
separate the action constitute of it. Moreover, we will try 
to investigate the efficacy of other nyctinastic herbs so as 
to provide an experimental basis for the development and 
application of these herbs in treating insomnia.
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