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The Shenque acupoint is located in the umbilicus of the human body. In the human body meridians, the
Shenque acupoint can regulate body functions. The Shenque acupoint was one of the important
acupuncture acupoints for the treatment of insomnia. However, the effect of linalool applied at the
Shenque acupoint to improve sleep was unknown. This study explored the hypnotic and sedative effects
of the main component of lavender, linalool, on the Shenque acupoint of mice and rats. The effects on
the sleep latency and sleep duration were studied with the supra-threshold dose of pentobarbital
sodium, and the effects on the sleep rate were studied with the sub-threshold dose of pentobarbital
sodium. In order to further study the feasibility and superiority of linalool administered at the Shenque
acupoint, a pharmacokinetic study was carried out. The pharmacodynamic results showed that the mice
and rats treated with linalool at Shenque had the highest sleep rate, the shortest sleep latency, and the
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of the LO, and had the characteristics of sustained release. The relative bioavailability of LS was 323.0 +

DOI: 10.1039/d0ra09751a 31.66%. This showed that the combination of linalool and the Shenque acupoint had greater medicinal
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1 Introduction

The Shenque acupoint is located in the umbilicus of the human
body. In the human body meridians, the Shenque acupoint can
regulate body functions. The Shenque acupoint was one of the
important acupuncture acupoints for the treatment of
insomnia.' The ancient Chinese medicine book “Huang Di Nei
Jing” first described the Shenque acupoint. The book contained
many theoretical expositions on the function of the Shenque
acupoint in the body. It created a precedent for the study of the
Shenque acupoint.”> Modern medical studies showed that the
structure of the umbilical arteries was different from that of
other arteries.®> Due to the rich blood vessels in the umbilical
area and the high sensitivity of the skin, medicine was easily
absorbed through the skin and entered the blood circulation,
thereby reducing the damage from the metabolism by the
digestive tract and liver and allowing it to fully perform its role.
Compared with oral or parenteral routes, Shenque acupoint
administration possessed numerous advantages, such as
avoiding the first-pass effect in the liver, reduced side effects,
reaching the peak plasma concentration faster, and extending
the effective time of the drug.* When moxibustion (burning

“Shenyang Pharmaceutical University, Shenyang, 110016, China. E-mail: zyq4885@
126.com; suggyy@163.com; sunbaoshan@syphu.edu.cn; Fax: +86 24 43520300; Tel:
+86 24 43520309; +86 24 43520303

*Key Laboratory of Structure-based Drug Design and Discovery of Ministry of
Education, Shenyang Pharmaceutical University, Shenyang, 110016, China

5896 | RSC Adv, 2021, 1, 5896-5902

effects. This development will provide a new direction for improving sleep.

dried aromatic plants of the genus Artemisia) was applied at
Shenque for 20 min per day, 6 days per week for 12 weeks, the
learning capability of ApoE—/— mice was enhanced via inhib-
iting oxidized proteins (GFAP and B-amyloid) in astrocytes.®
Moxibustion at Shenque could also prolong the swimming
time, and decrease the serum MDA, AST, ALT and BUN levels
and LDH activity in rats after long-term fatigue.® Y. Wu had
shown that the effectiveness of a conventional basic treatment
combined with a “Lunxieting” umbilical patch for the treatment
of children with rotavirus gastroenteritis was 92%, and the
treatment effectiveness of a conventional basic treatment
combined with oral administration was 75%.” These research
results had given us great inspiration.

In recent years, researching natural products for the treat-
ment of diseases has been recognized throughout the world.
Lavender essential oil is a natural medicine commonly used in
aromatherapy. It has many biological activities such as seda-
tion, hypnosis, and anti-anxiety, anti-inflammatory and anti-
oxidant behaviours, and so on.**' Linalool, as the main
ingredient of lavender essential oil (Fig. 1), has also been proved
to have sedative and hypnotic pharmacological effects.’ Linck
found that inhaling different concentrations of linalool (1%,
3%) could prolong the sleep duration induced by pentobarbital,
reduce the body temperature, and slow down the exercise
behavior of mice, and does not affect the coordination of the
mice.”* Studies found that linalool caused sedation, relaxa-
tion, and reduced aggression and hostility. In addition, linalool
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Fig. 1 The chemical structure of linalool.

and lavender essential oil exhibited behavioural sedative-like
effects by decreasing the renal sympathetic nerve activity and
increasing the parasympathetic nerve activity.''® The sedative
effect of linalool could be accomplished by the modulation of
glutamatergic neurotransmission. In vitro and in vivo studies
showed that linalool acted as a competitive antagonist of the
excitatory neurotransmitter glutamate by binding to gluta-
matergic N-methyl-D-aspartate (NMDA) receptors.'”** Linalool
also reduced the potassium stimulated release of glutamate.*

With changes in the environment, work pressure, and life
pressure, more people have experienced a series of sub-health
states, such as insomnia. The increase in the incidence of
depression and other diseases has seriously affected people’s
health and quality of life.*** At present, insomnia is mainly
treated with sedative hypnotic drugs. However, these drugs have
obvious side effects, including drug dependence, excessive seda-
tion, cognitive impairment, and movement incongruity.* In
addition, for some people it is not suitable or inconvenient to use
traditional applications of drugs, which increases the difficulty of
drug treatment.* Thus, finding an effective drug and a convenient
route of administration has become a focus. “Yizongjinjian” said
that Shenque could cure a variety of diseases.” At present, there
are no reports of the use of linalool at the Shenque acupoint to
improve sleep. Therefore, in the present study we combined
linalool with Shenque acupoint administration, and compared it
with lavender oil and different administration methods. We
determine the relative bioavailability of Shenque acupoint
administration and oral administration to evaluate the advantages
of Shenque acupoint administration, hoping to develop a better
way to improve sleeping.

2 Materials and methods

2.1 Materials and reagents

Pentobarbital sodium, batch number: 6BR10450, was purchased
from Glenview. Linalool, >98% (HPLC), was prepared in the
laboratory from lavender essential oil which was purchased from
Beijing Beida Zhengyuan Technology Co., Ltd. Diazepam was
purchased from Beijing Yimin Pharmaceutical Co., Ltd. The
medical vaporizer is a SS-7A compress vaporizer. Medical
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petroleum jelly was purchased from the Tianjin Da Mao chemical
reagents factory. An Agilent 7890 B Gas Chromatographic system-
FID detector (GC-FID) was used and was equipped with a HP-5
column (5% phenyl-methylpolysiloxane, 30 m x 0.320 mm X
0.25 mm) purchased from America. HPLC was performed on
a HPLC system (LC3000, Beijing ChuangXinTongHeng Science &
Technology Co., Ltd., Beijing, China) consisting of a P3000 pump
and a UV3000 spectrophotometric detector at 203 nm (Beijing
ChuangXinTongHeng Science & Technology Co., Ltd.) using
a Promosil C18 column (250 mm X 4.6 mm, 5 pm).

The experimental drug dose for the mice was taken from the
literature,** and the experimental drug dose for the rats was
comparable with that of the mice.

2.2 Purification and determination of linalool

We used silica gel column chromatography to obtain linalool
from the lavender essential oil. The separation conditions were
petroleum ether : ethyl acetate = 10:1. The linalool in the
lavender essential oil was determined by gas chromatography
(GC). The GC analytical conditions were: the temperature of the
column oven was elevated from 80 °C (reserving 5 min) to 160 °C
at a rate of 2 °C min~ ", and nitrogen (99.999%) was used as
carrier gas, whose flow rate was 1 mL min~". The injection
volume was 1 pL, and the split ratio was adjusted to 1 : 10.

2.3 Animals and treatment

Wistar rats and Kunming mice (Animal License no. SCXK (Liao)
2015-0001) were purchased from the experimental animal center
of Shenyang Pharmaceutical University, with the ratio of females
and males as half and half, and were put in cages and kept at
a temperature of 23 + 2 °C, a humidity of 55 & 5% and a circadian
rhythm of 12 h day/12 h night. The rats were allowed free access to
water and food throughout the experimental period. Body weight
was measured weekly, and food intake was recorded daily. All
animal procedures were performed in accordance with the
Guidelines for Care and Use of Laboratory Animals of Shenyang
Pharmaceutical University and approved by the Institutional
Animal Ethics Committee (approval protocol number: SYPU-
IACUC-C2017-3.8-107; Liaoning, China).

2.4 Determination of the sub-threshold dose and threshold
dose of pentobarbital sodium

The sub-threshold dose of pentobarbital sodium (the maximum
dose at which the righting reflex of 90-100% of mice and rats
does not disappear) was determined. The 40 mice were
randomly assigned into 4 groups (10 mice in each group). They
were injected intraperitoneally with pentobarbital sodium. The
doses were 20, 25, 30 and 40 mg kg~ ! of the body weight,** and
the sub-threshold dose was measured. The 24 rats were
randomly assigned into 4 groups (6 rats in each group). They
were injected intraperitoneally with pentobarbital sodium. The
doses were 10, 15, 20 and 30 mg kg~ " of the body weight, and
the sub-threshold dose was measured.

The threshold dose of pentobarbital sodium (the dose at
which the righting reflex of 100% of the mice and rats disap-
pears but they do not sleep longer) was measured. The groups of
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the mice and rats were the same as when measuring the sub-
threshold. The mice were injected intraperitoneally with
pentobarbital sodium (50, 55, 60, and 70 mg kg~ ')."* The rats
were injected intraperitoneally with pentobarbital sodium (30,
35, 40, and 50 mg kg™ "), and the threshold dose was measured.

2.5 Determination of the sleep rate, sleep latency and sleep
duration in the mice and rats

The mice were divided into 6 groups with 10 in each group: the
linalool Shenque acupoint group (LS), 400 mg kg '} the
lavender Shenque acupoint group (LaS), 400 mg kg '; the
lavender oral group (LaO), 400 mg kg™ *; the lavender inhalation
group (Lal), 3%; the positive control group (diazepam), 5 mg
kg™ *; the control group.

The rats were divided into 6 groups with 10 in each group:
the LS, 300 mg kg™ ';%° the LaS, 300 mg kg™ *; the LaO, 300 mg
kg~ '; the Lal, 3%; the positive control group (diazepam), 3.5 mg
kg~ '; the control group.

According to the above-mentioned administration doses, 30
minutes after the administration of the drug, the sub-threshold
dose of pentobarbital sodium was injected intraperitoneally, and
within 30 minutes if the righting reflex of the mice disappeared for
more than 1 minute they were asleep. The number of sleeping
mice was recorded, and the sleep rate was calculated.

According to the above-mentioned administration doses, 30
minutes after the administration of the drug, the supra-
threshold dose of pentobarbital sodium was injected intraper-
itoneally, and if the mice’s righting reflex disappeared for more
than 1 minute they were asleep. The time started at the pento-
barbital sodium injection, and timing continued until the
righting reflex disappeared and the recorded time was the sleep
latency. The time from the righting reflex disappearing until the
righting reflex reappearing was taken as the length of sleep. The
sleep duration was generally more than 30 min after the drug
action, but it was generally not more than 100 min, which was
similar to the effectiveness of other experimental data.*®

2.6 Determination of the relative bioavailability of linalool
with Shenque acupoint administration

12 Wistar rats were randomly divided into 2 groups, the linalool
oral group (LO) and the LS, the dosage was 200 mg kg™, and
they were fasted for 12 hours before the experiment. The LO
received a 0.5% CMC-Na suspension with a linalool content of
10%, and the LS received a petroleum jelly mixture with
a linalool content of 10% which was applied to the Shenque
acupoint. After administration, blood was collected from the
tail vein at the time points (5, 10, 15, 20, 30, 40, 50, 60, 120, 180,
240, 360, and 480 min) and placed in heparinized 1.5 mL
centrifuge tubes. After centrifugation at 10 000 rpm and 25 °C
for 10 min, the separated plasma was stored in a refrigerator
(—20 °C) until the HPLC analysis.

2.6.1 Preparation of the standard solution and internal
standard. a 400 pg mL ™" linalool stock solution and a 400 pg
mL ™" nifedipine internal standard stock solution were prepared
in acetonitrile solution and stored at 4 °C. After the stock
solution was appropriately diluted, a known amount of linalool
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was added to the blank plasma to prepare standard curve
working solutions with concentrations of 0.1, 0.2, 0.5, 1, 1.5, 2,
and 3 pg mL~". The concentrations of the low, medium and
high plasma quality control sample working solutions were 0.2
pg mL~% 1 pg mL~ " and 2.5 pg mL ™Y, respectively. The stock
solution was diluted with acetonitrile to obtain the internal
standard working solution with a concentration of 5 ug mL ™.
All plasma samples were stored at —20 °C in the dark.

2.6.2 HPLC analysis. Each plasma sample (100 pL) was
added with 10 pL of the internal standard (5 pg mL~") and 200
uL of acetonitrile solution, vortexed for 3 min, and centrifuged
at 10 000 rpm for 10 min. The supernatant was collected and
analyzed by HPLC.

The concentration of linalool in the rat plasma was deter-
mined by HPLC-UV as described by Shi et al* with slight
modifications. Column temperature: 30 °C; mobile phase:
acetonitrile-water (40 : 60, v/v); UV detection wavelength:
210 nm; flow rate: 1 mL min~"; injection volume: 20 uL.

2.6.3 Validation of the analytical methods. The blank
plasma, the 10 min plasma sample of the LO group combined
with the internal standard, and the 10 min plasma sample of
the LS group combined with the internal standard were inves-
tigated for specificity. The linear range is 0.1-3 ug mL™" (n = 3),
and the calibration curves of the peak area ratio (linalool peak
area/internal standard (IS) peak area) and plasma concentration
were drawn by the internal standard method. By analyzing the
lowest concentration of analyte (n = 5), the lower limit of
quantification was studied with acceptable accuracy and preci-
sion (<20%), and the detection limit was determined with
a signal-to-noise ratio >5.

The precision and accuracy (intraday and interday) of the low
concentration (0.2 pg mL~"), medium concentration (1 pg mL ")
and high concentration (2.5 pg mL ') plasma quality control
samples (n = 5) were determined quantitatively. The precision and
accuracy were expressed as the variation (CV%) and relative error
(RE%), respectively. The peak area ratio of the extracted quality
control sample was compared with that of the standard sample of
the same concentration prepared in the solution to determine the
recovery rate. In addition, we studied the stability of the quality
control samples (7 = 3) at room temperature, from the autosam-
pler, and after three consecutive freeze-thaw cycles.

2.7 Statistical analysis

Statistical analysis was done using GraphPad Prism 8.0.2
statistical software, and the results were presented as mean
=+ s.e.m. Student’s ¢ test was used. P < 0.05 means the difference
was statistically significant. DAS 2.0 pharmacokinetic software
analyzed the plasma concentration-time data of the rat plasma
to obtain the pharmacokinetic related parameters.

3 Results and discussion
3.1 Purification and determination of linalool

We analyzed the lavender oil and linalool by GC, and identified
the linalool in the lavender oil according to the retention time.
From this, we concluded that linalool was the main component

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 GC chromatograms of linalool (A) and lavender oil (B) (linalool
RT = 12.34 min).

in lavender oil, which was the main functional calming
substance of the lavender oil (Fig. 2).

3.2 Determination of the supra-threshold and sub-threshold
doses of pentobarbital sodium (for mice and rats)

In this study, we determined the supra-threshold dose and sub-
threshold dose of pentobarbital sodium (for mice and rats).
From the experimental results: the sub-threshold doses of
pentobarbital sodium: 30 mg kg™ in mice, 20 mg kg™ ' in rats;
the supra-threshold doses of pentobarbital sodium: 60 mg kg™
in mice and 40 mg kg™ in rats.

3.3 Effect on the sleep rate, sleep latency and sleep duration
in mice

The sleep rate results showed that the sleep rate of the LS was
70%, which was significantly higher than that of other groups
(Fig. 3A). The sleep latency results showed that the sleep latency
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of the LS was the shortest, 5.88 & 1.72 min. It was significantly
lower than that of the positive drug group and other experi-
mental groups. The sleep duration results showed that the
longest sleep duration was in the LS, 81.90 £ 19.70 min, which
was significantly longer than that of the other groups.
Compared with the positive control group, the LS and the LaS
treatments showed the same or stronger efficacy than the
positive control drugs. At the same time, for the comparison of
the different administration methods of lavender, the Shenque
acupoint administration method could be significantly better
than the oral and inhalation methods according to different
experimental indicators (Table 1).

3.4 Effect on the sleep rate, sleep latency, and sleep duration
in rats

The sleep rate results showed that the sleep rate of the LS was 60%,
which was significantly higher than that of the other groups
(Fig. 3B). The sleep latency results showed that the sleep latency of
the LS was the shortest, 5.10 % 0.44 min. It was significantly lower
than the sleep latencies of the positive drug group and the other
experimental groups. The sleep duration results showed that the
longest sleep duration was in the LS, 64.40 £ 11.29 min, which was
significantly higher than that of the other groups. Compared with
the positive control group, the LS and the LaS treatments showed
the same or stronger efficacy than the positive drugs. The
conclusion was the same as that for the mice (Table 1).

3.5 Determination of the relative bioavailability of linalool
Shenque acupoint administration

3.5.1 Validation of the analytical methods. The retention
time (RT) of linalool (1) was 25.9 min, and that of nifedipine (2)
was 28.1 min (Fig. 4). In the range of 0.1-3 ug mL ", linalool had
a good linear relationship, and in the linear regression equation
Y = 0.0007X + 0.0747 (r = 0.9982). The results of the verification
process are shown in Table 2. The detection limit was 0.03 pg
mL ™", and the lower limit of quantification was 0.1 pg mL™". As
shown in Fig. 4, plasma endogenous substances did not inter-
fere with the internal standard and linalool chromatographic
peaks, and the method had good specificity.

At room temperature, and after automatic injection and
three consecutive freeze-thaw cycles, the linalool showed
satisfactory stability. The deviation range is shown in Table 2.
The precision and accuracy were expressed as coefficient of

Table 1 Sub-threshold dose sleep latency and sleep duration tests of pentobarbital sodium in mice and rats in the different groups®

Mice

Rats

Sleep latency

Sleep duration

Sleep duration

Groups Samples  Dose (mg kg™')  (min) (min) Dose (mg kg™!)  Sleep latency (min)  (min)

Control 10 11.90 £ 3.11 38.20 + 15.67 8.50 + 2.10 20.00 £ 5.30

LS 10 400 5.88 + 1.72%** 81.90 £ 19.70%** 300 5.10 £ 0.44** 64.40 £+ 11.29%%*
LaS 10 400 6.20 £ 3.02* 69.60 + 11.90** 300 5.56 £ 1.20* 62.34 £+ 12.20%**
LaO 10 400 8.30 + 3.52* 40.30 + 8.32 300 7.42 + 1.60 38.65 £ 8.45

Lal 10 0.03 6.40 £ 3.10** 58.75 + 10.60** 0.03 6.20 £ 0.70* 50.20 £+ 10.10**
Diazepam 10 5 6.20 + 1.40%** 65.47 £+ 12.10%* 3.5 5.25 + 0.48** 63.50 &+ 10.50%**

“ Compared with the control group, ***P < 0.001, **P < 0.01, *P < 0.05.
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Fig. 3 Determination of the sleep rates of rats and mice. (A) The sleep rate of mice. (B) The sleep rate of rats (LS: the linalool Shenque acupoint
group; LaS: the lavender Shenque acupoint group; LaO: the lavender oral group; Lal: the lavender inhalation group; diazepam: the positive

control group; ***P < 0.001, **P < 0.01, *P < 0.05).
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Fig. 4 Specificity investigation. (A) Blank plasma; (B) blank plasma +
linalool + internal standard; (C) plasma after oral administration of
linalool for 10 min added with the internal standard. (1) Linalool; (2)
nifedipine (internal standard).

variation (CV%) and relative error (RE%), respectively. Both
intra-day and inter-day analysis of the two parameters showed
CV and RE < 15%, which proved the reliability of the quantita-
tive method for linalool in plasma samples.

3.5.2 Pharmacokinetic analysis. The plasma concentra-
tion-time curves of the linalool group and the linalool Shenque
group were consistent with non-compartment model. The
average plasma concentration-time curve at each time point is
shown in Fig. 5. The drug could still be detected in the plasma
of the LS rats after 480 min. The level of the drug in the LO rat
plasma was already below the detection limit after 240 minutes
(Fig. 5). The Tmax, t1/2, Cmax and MRT,_, of the LS were signifi-
cantly prolonged or increased compared with those of the LO
(Table 3). The Tpax and ¢, of the LS were longer than those of
the LO, and had the characteristics of sustained release.

3.5.3 Relative bioavailability. Relative bioavailability (Fr) is
an important parameter for evaluating the effects of different
administration methods,*® and its calculation is as follows:

5900 | RSC Adv, 2021, 11, 5896-5902

Table 2 Results from the analytical methods validation

Parameter Result
Linearity 0.1-3 ug mL ™"
Correlation coefficient r=0.9982
Limit of quantification 0.1 pg mL™*
Limit of detection 0.03 pug mL "
Stability

Short term 87.56-100.2%
Freeze and thaw cycles 93.45-103.7%
Autosampler 95.92-100.7%

Precision (CV%)
Intraday 7.1
Interday 9.0

Accuracy (RE%)

Intraday 44
Interday 6.5
Recovery (%) 87

2.5

——L0
—=—S
2.0

1.5

1.0

0.5

0 100 200 300 400 500
Time (min)

Fig. 5 Plasma concentration—time curves for the LS and the LO (n =
6) (LS: the linalool Shenque acupoint group; LO: linalool oral group).

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Table 3 Pharmacokinetic parameters after administration in rats (n =
6)¢

Parameter LO LS

t1/» (min) 164.7 + 26.39 214.9 + 151.4
Crmax (ng mL™") 1.92 £ 0.12 2.29 £ 0.15%%*
Tinax (min) 40.0 £ 0.35 60.0 £ 0.42
AUC,_, (ng mL™" min™?) 116.2 + 6.45 373.2 + 15.96%**
AUCy_.. (hg mL™" min™") 147.9 + 10.51 452.9 + 85.81%**
MRT,_; (min) 63.01 £ 7.19 155.5 £ 3.33%**
MRTy_. (min) 154.6 £ 18.91 282.9 & 126.9%**

Fr (%) — 323.0 + 31.66

@ #¥k%p < 0,001, *P < 0.05.

Fr (%) = AUC, , (LS)/AUC, , (LO)

LS: the linalool Shenque acupoint group; LO: the linalool oral
group.

The main pharmacokinetic parameters are shown in Table 3:

For the LO and the LS, the C,,, was 1.92 4 0.12 and 2.29 +
0.15 ug mL™ ", respectively. The Tpa was 40 + 0.35 and 60 =+
0.42 min, respectively. The ¢;,, was 164.7 £+ 26.39 and 214.9 +
151.4 min, respectively. The AUC,_, was 116.2 £ 6.45 and 373.2
+ 15.96 ug mL ™' min ", respectively. The AUC,_.. was 147.9 +
10.51 and 452.9 + 85.81 pg mL ™' min ', respectively. The
MRT,_,was 63.01 &+ 7.19 and 155.5 + 3.33 min, respectively. The
relative bioavailability of LS was 323.0 £ 31.66%.

4 Conclusions

In Chinese medicine, external treatment was one of the most
precious therapies. It was famous for its safety, convenience and
obvious effect. The treatment penetrated and was absorbed
through the skin and entered the internal organs to achieve its
purpose. The Shenque acupoint possesses abundant microcir-
culation, endothelial cells and microvascular endothelial cells,
transient receptor potential vanilloid family channels, and
neuropeptides secreted by endothelial cells.”® Interestingly,
when the Valia-Chien diffusion cell method was used to
conduct permeability tests with the fresh acupoint and non-
acupoint skin of rats, the 24 h cumulative steady-state infiltra-
tion rate through the Shenque acupoint skin was higher than
that through non-acupoint skin, indicating that the Shenque
acupoint was a natural channel and carrier for drug delivery.”®
In this study, the Shenque acupoint was combined with trans-
dermal administration, and the drug penetrated into the blood
through the Shenque acupoint to exert its effect. The dual action
of the drugs and the meridian acupoints could achieve the
purpose of improving sleep. The results showed that linalool
combined with the Shenque acupoint could improve the sleep
rate, shorten the sleep latency and prolong the sleep duration in
rats and mice. In addition, we also found that the LS had
a higher bioavailability than the LO, and the absorption and
elimination of the LS was slower and longer than those of the
LO. In summary, linalool Shenque acupoint administration is
a potentially therapeutic approach to treat sleep disorders and

© 2021 The Author(s). Published by the Royal Society of Chemistry
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improve sleep quality. At the same time, the design of the patch
is also more conducive for use by different groups of people.
Further experiments are needed to demonstrate the mechanism
of improving sleep.
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