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Abstract
Commonly used hypnotics are not very effective for the management of chronic insomnia as they produce several unpleasant 
side effects. According to a recent report, short-term administration of 10 mg/kg α-Asarone, an active principle of Acorus 
species, used in traditional Indian and Chinese medicine for a prolonged period without any ill-effects, promoted sleep in 
rats. However, the efficacy of α-Asarone in promoting sleep on long-term use has not been studied. Study was conducted 
on four groups of rats, with electrodes implanted for recording sleep. Thermocouple and radio-transmitter were implanted 
for recording temperatures from hypothalamus and peritoneum. Of these, three groups of rats were sleep deprived for 5 h 
(9:00–14:00 h) for 21 days after drug (α-Asarone or midozolam) or vehicle administration. The anxiety levels were also 
studied in these rats. Another group, that received α-Asarone for 21 days, was not subjected to sleep deprivation. Long-
term administration of α-Asarone improved both the quantity and quality of NREM sleep, not only in comparison to the 
vehicle, but also in contrast to midazolam. Moreover, there was no withdrawal effect after stopping the daily administration 
of α-Asarone for 3 weeks. Anxiety alleviation produced by α-Asarone was better than midazolam. α-Asarone-mediated 
anxiolysis, mild hypothermia, and NREM sleep-related alterations in temperatures, and its known antioxidant property, 
might have contributed towards the improvement in NREM sleep and maintenance of REM sleep. The study provides strong 
pre-clinical evidences for further research on α-Asarone as a possible treatment option for chronic insomnia.
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Abbreviations
S–W  Sleep–wakefulness
Thy  Hypothalamic temperature
Tbody  Body temperature
SD  Sleep deprivation
NREM  Non-rapid eye movement
REM  Rapid eye movement

Introduction

Insomnia, experienced by approximately one-third of the 
general population [1], is associated with various mental 
and physical health disorders [2–5]. For insomnia and its 
co-morbid medical conditions, the clinically accepted phar-
macotherapy, which includes benzodiazepines and non-ben-
zodiazepines, has short-term treatment outcomes and long-
term side effects [6]. These hypnotics are not very useful 
for chronic insomnia as they may produce unpleasant side 
effects like drug dependence, tolerance, rebound insomnia, 
amnesia, muscle relaxation, and depression [7–9]. In addi-
tion, these drugs increase the risk of accidents, poisoning, 
and falls [10, 11]. Moreover, to identify a drug that addresses 
the psychiatric illness, mainly the anxiety disorders, co-mor-
bid with insomnia is also important [12, 13].

In view of these concerns, focus needs to be directed to 
traditional medicines, which are apparently used for a pro-
longed period without any ill-effects [14, 15]. α-Asarone, an 
active principle from Acorus species, is one such product 
which is found to have hypnotic property at a low dose in an 
acute sleep deprivation (SD) model [16]. It was suggested 
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that the administration of 10 mg/kg α-Asarone improved 
sleep quality by modulation of the hypothalamic (Thy) 
and body (Tbody) temperatures. It was also shown that this 
hypnotic is an antioxidant and has anxiolytic and memory 
restoring properties when administered for a shorter duration 
[17]. However, before any clinical trials, it is important to 
address the efficacy and safety of α-Asarone after long-term 
usage. Henceforth, this study was aimed to investigate the 
effect of long-term administration (21 days) of α-Asarone 
on sleep–wakefulness (S–W), Thy and Tbody in normal and 
sleep-deprived rats. The long-term changes in anxiety levels 
were also measured.

Materials and methods

Animals

The study was conducted on 20 adult male Wistar rats 
(250–350  g) housed in polystyrene cages, kept in con-
trolled temperature (26 ± 1 °C) and light–dark schedule of 
12 h (lights on at 6:00 h), with food and water provided 
ad libitum. In this investigation, the efficacy of α-Asarone 
in promoting sleep on long-term use was studied not only 
on normal rats, but also on rats where repeated and limited 
period sleep deprivation was used as a model of insomnia. 
All the surgeries and procedures employed in this study 
were approved by the Institutional Animal Ethics Commit-
tee of the Sree Chitra Tirunal Institute for Medical Sciences 
and Technology, Trivandrum, Kerala (SCT/TAEC-019/
June/2012/77).

Drugs

α-Asarone and Tween80 were obtained from Sigma-Aldrich 
Co. LLC, while midazolam (positive control) was obtained 
from Neon Laboratories Ltd. α-Asarone was freshly pre-
pared in the base containing 5% Tween80 and normal saline. 
The base was taken as vehicle. The route of administration 
was intra-peritoneum.

Experimental design

All the animals were chronically implanted under anesthe-
sia (Ketamine: 60 mg/kg and Xylaxine: 5 mg/kg, bw) to 
record S–W, Thy, and Tbody as reported previously [16]. In 
brief, bipolar EEG (AP: − 3 mm and ML: 2 mm [18]) and 
EMG electrodes were implanted to assess S–W. For Thy 
measurement, a pre-calibrated K-type thermocouple was 
implanted 1 mm above the hypothalamus (AP: − 0.26 mm, 
ML: 3 mm, DV: 6 mm [18], at an angle of 25°). Radio-trans-
mitter (TA10TA-F40, Data Sciences International, USA) 
implanted in the peritoneum measured Tbody telemetrically. 

After 2 weeks recovery, the rats were given overnight habitu-
ation in the recording chamber, before being subjected to 
various experimental schedules.

Rats were randomly distributed into four groups of five 
animals each. All four groups were repeatedly administered 
with the drug for 3 weeks, wherein group 1 was kept under 
normal conditions and the other three groups were sleep 
deprived. Drug injections and recordings were done during 
the day time which is the peak time of sleep for rats.

Group 1 (normal rats)

Three control recordings of S–W, Thy, and Tbody were taken 
simultaneously for 7 h (10:00–17:00 h) from the implanted 
rats after administering vehicle at 10:00 h, to obtain the pre-
drug injection control readings. The rats were then subjected 
to intra-peritoneal injections of α-Asarone (10 mg/kg) at 
10:00 h for 21 consecutive days and S–W, Thy, and Tbody 
were recorded simultaneously for 7 h (10:00–17:00 h) on 
days 7 and 21. A one-hour pre-injection baseline recording 
was also taken from 9:00 to 10:00 h on these days.

Groups 2, 3, and 4 (sleep- deprived rats)

Three control recordings of S–W, Thy, and Tbody were taken 
simultaneously for 8 h (9:00–17:00 h) from the implanted 
rats. The first group received vehicle, the second received 
10 mg/kg α-Asarone and the third group received 2 mg/
kg midazolam intra-peritoneally at 9:00  h followed by 
SD in rotating wheel for 5 h (9:00–14:00 h) for 21 con-
secutive days. On days 7 and 21, S–W, Thy, and Tbody were 
recorded simultaneously from the rats after SD for 3 h 
(14:00–17:00 h). The data obtained during this “recovery 
period” of 3 h (14:00–17:00 h) was analyzed as described 
below.

Baseline anxiety level of the rats was taken in the elevated 
plus maze (EPM) before starting the entire SD procedure. 
On day 21, the sleep-deprived rats were tested for their anxi-
ety levels in EPM at 13:55 h immediately after the SD proce-
dure followed by S–W recording starting at 14:00 h.

After 21 days of SD, S–W was recorded on day 22 for 
8 h (9:00–17:00 h) without any treatment to check the with-
drawal effects of α-Asarone and midazolam (“withdrawal 
period”).

Anxiety measurement

Anxiety of rats was measured using EPM having two open 
arms (50 × 10 cm) and two closed arms (50 × 10 × 50 cm), 
arranged in plus shape, kept at a height of 45 cm. The behav-
ior of rats on the maze was tested for 5 min.
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Sleep deprivation procedure

Custom-made rotating wheel consisting of a motor unit and 
a wheel (diameter: 365 mm × length: 150 mm) moving at 2.5 
rotations per minute was used for SD. Water and food was 
made available inside the wheel during SD.

Acquisition and analysis of signals

S–W data was acquired using data acquisition system MP 
150 (BIOPAC, Inc.) simultaneously (time-matched) with Thy 
and Tbody measurements. The acquired S–W signals were 
amplified, filtered and digitized. Thy was acquired using a 
digital multimeter (FLUKE Technologies Pvt. Ltd.) while 
Tbody was acquired using DSI telemetric system (Data Sci-
ences International, USA). S–W data were visually staged 
in the Acknowledge software, taking 10 s epochs, and were 
classified into three stages, W, NREM sleep, and REM sleep 
[16].

Group 1 (normal rats)

Changes in percentage time, bout duration and frequency of 
NREM and REM sleep and W for 7 h after the administra-
tion of vehicle and 10 mg/kg α-Asarone were calculated and 
compared. Arousal index was calculated as the number of 
arousals (wake bouts of 3–10 s duration) per hour of sleep. 
After administration of vehicle and 10 mg/kg α-Asarone, 
filtered (0.5–30 Hz) NREM and REM sleep EEG signals 
were subjected to power spectral density analysis to meas-
ure the relative power at delta (0.5–4 Hz), theta (4–8 Hz), 
alpha (8–12 Hz) and beta (12–30 Hz) frequency bands [16]. 
Changes in Thy and Tbody were compared with the vehicle 
and the pre-injection baseline values. The correlation of 
sleep bout durations with Thy and Tbody for 7 h on days 7 
and 21 after the administration of 10 mg/kg α-Asarone was 
assessed as described before [16].

Group 2, 3, and 4 rats (sleep-deprived rats)

Assessment of sleep quantity, i.e., the percentage time in 
S–W and sleep quality which included the duration and fre-
quency of S–W bouts, arousal index, latency to sleep (time 
for the onset of first NREM sleep bout after the termina-
tion of SD) and the spectral analysis were done as reported 
previously [16] for the 3-h recovery period on days 7 and 
21 of SD.

Changes in Thy and Tbody during recovery period were noted 
and compared with the control values obtained during the 
same time bin. The correlation of sleep bout durations with 
Thy and Tbody during the 3 h recovery period on days 7 and 21 
of SD was also assessed as reported previously [16]. For anxi-
ety measurement, the number of open and closed arm entries 

and the time spent in the open and closed arms in EPM were 
assessed. Body weight was monitored across the SD period.

To check the withdrawal effect of α-Asarone and mida-
zolam, the spectral profiles of NREM and REM sleep EEG 
on day 22 (withdrawal period) were analyzed. Correlation 
of sleep bout durations with Thy and Tbody during this period 
was also noted.

Statistical analysis

All values expressed as mean ± SEM. p ≤ 0.05 were con-
sidered as statistically significant. All statistical analyses 
were done in SPSS (version 16.0). For group 1 (normal rats) 
repeated measures ANOVA, followed by Bonferroni’s cor-
rection, was used to compare the effects of the drug on dif-
ferent days. For groups 2, 3, and 4 rats (sleep-deprived rats) 
S–W, Thy, and Tbody data, two-way ANOVA with repeated 
measures on one factor was done to compare across the time 
bin and among three groups. One-way ANOVA was used 
to compare the withdrawal effect of the three groups. Lin-
ear regression analysis was done to assess the relationship 
between sleep duration and temperature after drug adminis-
tration. For anxiety data, the Kruskal–Wallis test was done 
to compare the findings among the groups and the Wilcoxon 
signed-rank test was used for comparison with the baseline.

Results

Effects of long‑term administration of α‑Asarone 
on S–W in normal rats

The values of the three control recordings (after vehicle 
administration) in the various S–W quality parameters and 
their changes on long-term administration of α-Asarone 
10 mg/kg is given in Table 1. There was an increase in 
the NREM sleep bout duration [F(1.513, 6.051) = 20.616, 
p = 0.003] and a decrease in the NREM sleep bout frequency 
[F(1.419, 5.677) = 12.429, p = 0.011] and arousal index 
[F(1.497, 5.989) = 10.337, p = 0.014] on both days 7 and 
21 after α-Asarone administration (Table 1). No alterations 
were observed in the quantity of S–W.

In comparison to the vehicle treatment, a significant 
increase in the relative delta power [F(1.436, 5.744) = 8.741, 
p = 0.022] was observed during the NREM sleep on both 
days 7 and 21 of α-Asarone administration (Fig. 1). EEG 
power spectrum remained unaltered during the REM sleep.

Effects of long‑term administration of α‑Asarone 
on Thy, and Tbody and their relationship with S–W 
in normal rats

In comparison to the vehicle, a significant decrease in Thy 
[F(1.700, 6.799) = 7.186, p = 0.023] and Tbody [F(1.090, 
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4.359) = 12.756, p = 0.019] was observed on day 7 of 
α-Asarone administration (Table 2). However, only a mar-
ginal reduction was observed in Thy and Tbody on day 21 of 
drug administration (Table 2).

A significant negative correlation was observed 
between the NREM sleep bout duration and Thy after the 
administration of 10 mg/kg α-Asarone and vehicle (Fig. 2 
left panel). The strength of association of NREM sleep 
bout duration with Thy was found to be higher on days 7 
(37%) and 21 (40%) after administration of α-Asarone, in 
comparison to the vehicle (Fig. 2 left panel b, c). Simi-
larly, the correlation between the Tbody and NREM sleep 

bout duration also improved marginally after α-Asarone 
administration (Fig. 2 right panel). Moreover, the num-
ber of longer NREM bouts (≥ 20  min) was increased 
4.5–5-folds after α-Asarone administration. There was no 
change in the correlation between REM bout duration and 
Thy and other REM parameters throughout the study after 
α-Asarone administration in normal rats.

Effects of long‑term administration of α‑Asarone 
on S–W in sleep‑deprived rats

α-Asarone administration produced a significant increase 
in the NREM sleep after 21  days [F(2,12) = 3.367, 
p = 0.030] in comparison to the vehicle group (Fig. 3a). 
By the end of 3rd week, the NREM sleep in α-Asarone 
group was significantly higher than the midazolam group 
(Fig. 3a). No change was observed in the quantity of REM 
sleep in any group.

In terms of sleep quantity, a significant increase in the 
NREM bout duration [F(2,12) = 13.476, p = 0.001] was 
also observed in the α-Asarone-treated group in compari-
son to both the vehicle and midazolam groups for 21 days 
(Fig. 3b). Moreover, the bout frequencies of NREM sleep 
[F(2,12) = 7.805, p = 0.005] and W [F(2,12) = 10.879, 
p = 0.002] were reduced in the α-Asarone group. Arousal 
index was considerably lowered [F(2,12) = 23.099, 
p = 0.000] in α-Asarone group in comparison to the vehicle 
and midazolam treatments (Fig. 3c). On day 21, the latency 
to sleep also lowered in the α-Asarone group (p < 0.05), as 
compared to the vehicle group (Fig. 3d).

Repeated SD for 7 and 21 days increased the relative 
delta power during NREM sleep in the vehicle-treated 
group (Fig. 3e). However, a moderate increase in the relative 
beta power [F(2,12) = 4.065, p = 0.04] was also observed 
in this group on day 21 (Fig. 3h). On the other hand, in 
the α-Asarone group, the relative delta power was signifi-
cantly increased [F(2,12) = 4.930, p = 0.03] with simul-
taneous decrease in the theta [F(2,12) = 6.422, p = 0.01], 
alpha [F(2,12) = 4.20, p = 0.04] and beta [F(2,12) = 4.065, 
p = 0.04] power during NREM sleep in comparison to the 
midazolam group (Fig. 3 right panel). REM sleep power 
spectrum remained unaltered.

On day 22, which is taken as the period of withdrawal 
effect, relative delta power was significantly higher and rela-
tive beta power was significantly lower in the α-Asarone 
SD group in comparison to the vehicle and midazolam 
groups (p ≤ 0.001), and in comparison to its control dur-
ing NREM sleep (Fig. 4 left panel). During REM sleep, 
α-Asarone-treated group showed significantly higher theta 
power and lower delta, alpha, and beta power during with-
drawal period in comparison to the vehicle and midazolam 
groups (p ≤ 0.001) and to its own control (Fig. 4 right panel).

Table 1  Effect of long-term administration of 10 mg/kg α-Asarone on 
S–W quality parameters in normal rats

The data shown are the change in S–W quality parameters after 7 
and 21 days of α-Asarone 10 mg/kg administration and after vehicle 
administration (average of three recordings) in Group 1 rats. Values 
are represented as mean ± SEM
*Indicates the difference from vehicle. *p ≤ 0.05

Vehicle α-Asarone

Day 7 Day 21

NREM sleep bout duration 
in min

02.7 ± 0.2 03.8 ± 0.5* 03.6 ± 0.5*

REM sleep bout duration in 
min

01.1 ± 0.1 01.0 ± 0.1 01.1 ± 0.1

W bout duration in min 01.5 ± 0.2 02.1 ± 0.3 01.3 ± 0.1
NREM sleep bout frequency 16.6 ± 1.1 11.7 ± 1.4* 13.0 ± 0.9*
REM sleep bout frequency 04.8 ± 0.3 03.6 ± 0.6 03.8 ± 0.7
W bout frequency 12.6 ± 1.4 09.2 ± 1.8* 08.2 ± 0.5*
Arousal index 08.5 ± 2.0 04.2 ± 1.1* 04.7 ± 0.7*

Fig. 1  EEG power spectra of NREM sleep after long-term adminis-
tration of 10 mg/kg α-Asarone in normal rats. The relative power in % 
at delta, theta, alpha, and beta frequency ranges during NREM sleep 
in Group 1 (N = 5) rats administered with 10  mg/kg α-Asarone on 
days 7 and 21. The data points represent the mean ± SEM. *Indicates 
the difference from the vehicle group. *p ≤ 0.05
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Effects of long‑term administration of α‑Asarone 
on Thy and Tbody and their relationship with S–W 
in sleep‑deprived rats

SD produced an increase in Tbody and Thy in all the groups 
(Fig.  5b). However, Thy was significantly lower in the 
α-Asarone group in comparison to both the vehicle and 
midazolam groups on all days (Fig. 5a). Tbody was also 
observed to be slightly lower [F(2,12) = 9.084, p = 0.02] in 
the α-Asarone group (Fig. 5b).

Here also a significantly higher negative correlation 
between NREM bout durations and Thy was observed in 
the α-Asarone-treated group during the recovery period 
on all the days in comparison to the vehicle (p ≤ 0.01) and 
midazolam (p ≤ 0.001) groups (Fig. 6). Midazolam treat-
ment significantly reduced the association between NREM 
bout durations and Thy during the recovery period (Fig. 6c). 
Furthermore, during the withdrawal period, the negative 
correlation of NREM bout durations and Thy remained sig-
nificantly lower (p ≤ 0.001) in the midazolam-treated group 
(Fig. 6c).

Positive correlation of REM sleep bout duration with Thy 
was higher (p ≤ 0.05) in the α-Asarone-treated group dur-
ing the recovery period on all the days in comparison to 
the vehicle and midazolam groups (Fig. 7). However, in the 
withdrawal period, all three groups showed significant asso-
ciation between REM sleep bout duration and Thy (Fig. 7). 
Correlation of sleep bout durations with Tbody during the 
recovery and withdrawal period was low in all groups.

Effects of long‑term administration of α‑Asarone 
on anxiety levels in sleep‑deprived rats

In the EPM test, the entry into the open arm and the time 
spent in that arm was lower in the vehicle-treated group after 
21 days of SD (Fig. 8). α-Asarone-treated group showed 

significantly higher entry in the open arm (p = 0.05) and had 
spent more time (p = 0.001) in that arm, as compared to the 
vehicle group (Fig. 8). Moreover, the time spent in the open 
arm was significantly higher (p = 0.003) in the α-Asarone 
group than in the midazolam group (Fig. 8a).

Though there was increase in the body weights of all 
the sleep-deprived rats after 21 days, compared to  their 
own control readings before SD procedure, it was signifi-
cant (p = 0.03) only for the vehicle-administered rats. But 
there was no significant difference in the body weights of 
these rats when compared to the α-Asarone and midazolam 
groups. There was significant (p = 0.03) increase in the body 
weights of vehicle-administered, sleep-deprived, rats during 
the course of the experiment. At the end of the experiment, 
there was no significant difference in the body weights of all 
the three groups of sleep-deprived rats.

Discussion

Effect of long‑term administration of α‑Asarone 
on sleep

Long-term administration of α-Asarone for 3 weeks short-
ened the latency to sleep in comparison to the hypnotic 
midazolam, suggesting α-Asarone’s role in sleep initiation. 
This property of α-Asarone might be helpful in addressing 
the increased sleep latency in chronic insomniacs [19]. The 
increase in NREM bout duration, the decrease in W bout fre-
quency and the arousal index suggest the role of α-Asarone 
in the maintenance of sleep without fragmentation. This may 
benefit the poor quality sleep and frequent arousal observed 
in chronic insomnia [19]. The present study also showed 
that the drug α-Asarone improved the quantity of NREM 
sleep without affecting the REM sleep under SD condition. 
Moreover, no tolerance was developed towards α-Asarone 

Table 2  Effect of long-term 
administration of 10 mg/kg 
α-Asarone on Thy and Tbody in 
normal rats

The data shown are the change in Thy and Tbody (°C) from 10:00 to 17:00 h (7 h) after 7 and 21 days of 
α-Asarone 10 mg/kg administration and after vehicle administration (average of three recordings) in Group 
1 rats. Values are represented as mean ± SEM. 0 represents the pre-injection baseline hour. *Indicates the 
difference from vehicle and #indicates the difference from pre-injection baseline (0). *, #p ≤ 0.05

Time in h Vehicle Day 7 Day 21

Thy Tbody Thy Tbody Thy Tbody

0 37.28 ± 0.1 37.09 ± 0.1 37.20 ± 0.2 36.85 ± 0.1 37.33 ± 0.2 37.04 ± 0.0
1 36.96 ± 0.1 36.96 ± 0.1 36.71 ± 0.1*,# 36.54 ± 0.2 37.00 ± 0.1 36.89 ± 0.1*,#

2 36.97 ± 0.1 36.94 ± 0.1 # 36.65 ± 0.1*,# 36.46 ± 0.2*,# 37.00 ± 0.1 36.84 ± 0.1 #

3 36.97 ± 0.1 36.95 ± 0.1 36.49 ± 0.1*,# 36.53 ± 0.1*,# 36.94 ± 0.1 # 36.88 ± 0.1
4 37.06 ± 0.1 37.10 ± 0.1 36.77 ± 0.1* 36.84 ± 0.1* 37.08 ± 0.1 37.02 ± 0.1
5 37.07 ± 0.1 37.15 ± 0.1 36.97 ± 0.1 37.02 ± 0.1 37.14 ± 0.1 37.24 ± 0.1
6 37.23 ± 0.1 37.33 ± 0.1 37.13 ± 0.1 37.06 ± 0.1 37.25 ± 0.1 37.30 ± 0.1
7 37.26 ± 0.1 37.47 ± 0.1 37.20 ± 0.1 37.30 ± 0.1 37.28 ± 0.1 37.41 ± 0.1
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after long-term usage unlike other hypnotics including mida-
zolam [20–22].

Patients suffering from chronic insomnia have increased 
high-frequency activity in EEG during their NREM sleep 
[23, 24] which was evident even in the present SD model 
after vehicle administration. Moreover, the decreased 
delta power and increased high-frequency power during 
the NREM sleep is one of the side effects associated with 
long-term usage of midazolam and other hypnotics [25–27]. 
Enhanced delta power and reduced high-frequency activity 
during NREM sleep in sleep-deprived rats further confirm 

Fig. 2  Scatter plot showing correlation between the NREM sleep 
bout duration and the Thy and Tbody after long-term administration of 
10 mg/kg α-Asarone in normal rats. Correlation between the NREM 
sleep bout duration in min and the Thy (left panel) and Tbody (right 
panel) during NREM sleep after administration of a vehicle and 
α-Asarone for b 7 and c 21 days in Group 1 rats (N = 5). Thy and Tbody 

are plotted as the percentage change from the preceding stage (taken 
as 100%) of the transition to NREM sleep. R2 represents the coef-
ficient of determination, #represents the significance of the regres-
sion model and *indicates the difference from the vehicle group. 
*,#p ≤ 0.05

Fig. 3  S–W parameters after long-term administration of vehicle, 
α-Asarone and midazolam in sleep-deprived rats. a NREM sleep 
duration in %, b NREM bout duration in minutes, c arousal index, 
d latency to sleep in minutes and the relative power in % at e delta, 
f theta, g alpha and h beta frequency ranges during NREM sleep 
after repeated SD of 5 h for 7 and 21 days in rats treated with vehi-
cle (Group 2), α-Asarone (Group 3) and midazolam (Group 4). Data 
is represented as mean ± SEM. *Represents the difference from the 
Group 2, #represents the difference from the respective controls and 
$represents the difference between Group 3 and 4. *,#,$p ≤ 0.05. N = 5 
for each group

▸
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the efficacy of α-Asarone over midazolam. Long-term usage 
of midazolam produces withdrawal effects, 24 h after its 
discontinuation [28–30]. This is characterized by reduced 
delta power and increased high-frequency activity during 
NREM sleep which is evident in the present study also. The 

effect of midazolam on majority of parameters studied was 
similar to the vehicle group. This may point towards the tol-
erance or diminished response developed by the rats towards 
midazolam after its repeated administration.

Fig. 4  EEG power spectrum of 
NREM and REM sleep during 
withdrawal period on day 22, 
24 h after long-term administra-
tion of α-Asarone and mida-
zolam in sleep-deprived rats. 
The relative power in % at a 
delta, b theta, c alpha and d beta 
frequency ranges during NREM 
(left panel) and REM (right 
panel) sleep on day 22, 24 h 
after repeated SD in vehicle- 
(Group 2), α-Asarone- (Group 
3) and midazolam- (Group 
4) administered rats. Data is 
represented as mean ± SEM. 
*Represents the difference 
from Group 2, #represents the 
difference from the respective 
control and $represents the dif-
ference between Group 3 and 4. 
*,#,$p ≤ 0.05
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Fig. 5  Thy and Tbody profile after long-term administration of vehicle, 
α-Asarone and midazolam in sleep-deprived rats. a Thy and b Tbody in 
°C after repeated SD of 5 h for 7 and 21 days in vehicle- (Group 2), 
α-Asarone- (Group 3), and midazolam- (Group 4) administered rats. 

Data is represented as mean ± SEM. *Represents the difference from 
Group 2, #represents the difference from the respective control and 
$represents the difference between Group 3 and 4. *,#,$p ≤ 0.05. N = 5 
for each group

Fig. 6  Scatter plot showing 
correlation of NREM sleep 
bout duration and the Thy during 
recovery period after long-
term administration of vehicle, 
α-Asarone and midazolam in 
sleep-deprived rats. Correla-
tion between the NREM sleep 
bout duration in minutes and 
the Thy during recovery period 
in sleep-deprived rats admin-
istered with a vehicle (Group 
2), b α-Asarone (Group 3) and 
c midazolam (Group 4) on 
days 7 and 21 and during the 
withdrawal period. Thy and Tbody 
are plotted as the percentage 
change from the preceding stage 
(taken as 100%) of the transition 
to NREM sleep. R2 represents 
the coefficient of determination 
and #represents the signifi-
cance of the regression model. 
*Indicates the difference from 
Group 2 and $indicates the dif-
ference between Group 3 and 
4. *,#,$p ≤ 0.05. N = 5 for each 
group
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Correlation between drug‑induced sleep 
and temperature changes

The decrease in Thy and minimal difference between the 
Thy and Tbody after administration of an optimal dose of 
α-Asarone (10 mg/kg) helped in the maintenance of NREM 

sleep bout duration and also improved the sleep quality 
[16]. Linear regression analysis between sleep bout duration 
and temperature after drug administration showed a good 
negative correlation between the NREM sleep bout dura-
tion and Thy after the administration of α-Asarone. Similar 

Fig. 7  Scatter plot showing 
correlation of REM sleep bout 
duration and the Thy during 
recovery period after long-
term administration of vehicle, 
α-Asarone and midazolam in 
sleep-deprived rats. Correla-
tion between the REM sleep 
bout duration in minutes and 
the Thy during recovery period 
in sleep-deprived rats admin-
istered with a vehicle (Group 
2), b α-Asarone (Group 3) and 
c midazolam (Group 4) on 
days 7 and 21 and during the 
withdrawal period. Thy and Tbody 
are plotted as the percentage 
change from the preceding stage 
(taken as 100%) of the transition 
to NREM sleep. R2 represents 
the coefficient of determination 
and #represents the signifi-
cance of the regression model. 
*Indicates the difference from 
Group 2 and $indicates the dif-
ference between Group 3 and 
4. *,#,$p ≤ 0.05. N = 5 for each 
group

Fig. 8  Changes in EPM parameters after long-term administration 
of vehicle, α-Asarone and midazolam in sleep-deprived rats. Change 
in percentage a time spent and b entries into the open arm after 
repeated SD of 5  h for 21  days in rats treated with vehicle (Group 

2), α-Asarone (Group 3) and midazolam (Group 4). Data is repre-
sented as mean ± SEM. *Represents difference from Group 2, #repre-
sents difference from the respective control and $represents difference 
between Group 3 and 4. *,$,#p ≤ 0.05. N = 5 for each group
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association is maintained even after 21 days of administra-
tion in both normal and sleep-deprived rats.

NREM sleep is associated with the lowering of Thy [31]. 
Lowering of both Thy and Tbody would have contributed to 
improved NREM sleep quality in normal rats. Notably, even 
under SD condition, where Thy and Tbody were increased, 
α-Asarone was effective in improving NREM sleep, by rela-
tively reducing the increase in the temperature. Thus it is 
possible that the initiation of physiological mechanisms that 
are responsible for lowering the temperatures by α-Asarone 
is sufficient to improve NREM sleep quality. Lowering of 
both Thy and Tbody temperatures by α-Asarone would have 
resulted from cutaneous vasodilation, which in itself is a 
trigger for sleep initiation [32]. At the same time, it can-
not be ruled out that the improved NREM sleep may also 
have contributed to the lowering of the temperatures. Even 
under the elevated temperature after SD, the linear regres-
sion analysis showed a good negative correlation between 
the NREM sleep bout duration and Thy as well as Tbody. 
Decrease in core body temperature before sleep is found to 
increase sleep propensity and reduces sleep onset latency 
[33]. Increased NREM sleep further lowers the core body 
temperature. This may thereby reinforce the drive to sleep 
and consolidate the sleep bouts [33]. α-Asarone-mediated 
lowering of Thy and Tbody would have thus shortened the 
sleep latency and improved sleep.

Midazolam treatment, on the other hand, produced poor 
quality sleep, probably as a result of higher Thy and lowered 
association between NREM sleep bout duration and Thy. 
Moreover, the improved positive correlation of REM sleep 
bout durations with Thy and absence of changes in the REM 
sleep parameters further confirm the role of α-Asarone in 
preserving the REM sleep. This study further strengthens the 
concept of inter-relationship between sleep and thermoregu-
lation [33–35].

The association between NREM sleep bout duration 
with Thy during the withdrawal period was still high in the 
α-Asarone group (unlike midazolam) which further suggests 
that the α-Asarone improved the quality of sleep without 
producing withdrawal effect, probably by modulating Thy.

α‑Asarone and anxiolysis

In the present study, the increase in anxiety associated 
with repeated SD substantiated the association of anxiety 
with insomnia [36, 37]. α-Asarone treatment was found to 
alleviate anxiety produced by the repeated SD. Moreover, 
this effect was found to be better than that produced by 
midazolam, which is a well-known anxiolytic drug [38, 
39]. α-Asarone-mediated improvement in sleep may be 
also be attributed to anxiety alleviation. However, it is 
reported that the oxidative stress associated with hyper-
thermia may lead to anxiety [40, 41] and in the present 

study, SD produced both hyperthermia and anxiety. It has 
been recently shown that α-Asarone is not only an anxio-
lytic, but also has antioxidant property [17]. Nevertheless, 
it is difficult to conclude whether the hypnotic effects of 
α-Asarone lead to anxiolysis, or anxiolysis leads to hypno-
sis. However, it may be emphasized that both hypnosis and 
anxiolysis were superior in the α-Asarone group in com-
parison to the clinically used benzodiazepine midazolam.

Repeated sleep deprivation model for studying 
chronic insomnia

It is extremely difficult to have an ideal animal model for 
chronic insomnia. Though this is the first report in which 
hypnotic α-Asarone was repeatedly administered in the 
rats that were sleep-deprived for 3 weeks, usefulness of 
the procedure was shown in an earlier report in which rats 
were sleep-deprived for 5 days [16]. The results from the 
SD vehicle injection group showed that the repeated SD 
produced increased latency to sleep (difficulty in falling 
asleep), sleep fragmentation/increased arousal index (fre-
quent awakenings) and reduced sleep quality. All these 
SD-induced changes in S–W satisfy the clinical guidelines 
laid down as criteria for chronic insomnia [19]. So this SD 
procedure in rats may be a good animal model for studying 
the various aspects of chronic insomnia [19]. No loss of 
body weight after 5 h of SD for 3 weeks suggests that the 
method employed for depriving sleep or repeated SD per 
se was not very stressful for the rats in the present study.

Increase in the Tbody in all the rats of the SD groups may 
be attributed to the method employed for this procedure. 
Rotating wheel produces total SD by forcing specific pat-
terns of locomotion in rats per se may be stressful. How-
ever, according to one report, the forced locomotion is a 
minor factor and may not contribute significantly in the 
studies on SD [42]. Also, this method may be more effi-
cient for repeated SD procedures as it provides standard-
ized equal stimulation to all the experimental rats on all 
days unlike other methods like gentle handling [43]. In the 
current study, this procedure produced an increase in Tbody 
as reported previously [44]. However, Tbody was relatively 
lower in the α-Asarone group due to the hypothermic prop-
erty of this drug.

Conclusion

The present study provides strong evidences on the effi-
cacy and safety of long-term administration of α-Asarone. 
α-Asarone, unlike midazolam, improved NREM sleep for 
prolonged period without producing tolerance and with-
drawal effect. α-Asarone also alleviated anxiety associated 
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with SD. Mild hypothermia, improved association of Thy 
with sleep bout durations and anxiolysis may have facilitated 
improvement in sleep. Hence, this drug may be considered 
for clinical trials as a potential and safe anxiolytic-hypnotic 
for the treatment of chronic insomnia.
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