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Abstract
Sleep responses to chronic sleep restriction may be very different from those observed after acute
total sleep deprivation. Specifically, when sleep restriction is repeated for several consecutive
days, animals express attenuated compensatory increases in sleep time and intensity during daily
sleep opportunities. The neurobiological mechanisms underlying these adaptive, or more
specifically, allostatic, changes in sleep homeostasis are unknown. Several lines of evidence
indicate that norepinephrine may play a key role in modulating arousal states and NREM EEG
delta power, which is widely recognized as a marker for sleep intensity. Therefore, we
investigated time course changes in brain adrenergic receptor mRNA levels in response to chronic
sleep restriction using a rat model. Here, we observed that significantly altered mRNA levels of
the α1- adrenergic receptor in the basal forebrain as well as α2- and β1-adrenergic receptor in the
anterior cingulate cortex only on the first sleep restriction day. On the other hand, the frontal
cortex α1-, α2-, and β1- adrenergic receptor mRNA levels were reduced throughout the period of
sleep restriction. Combined with our earlier findings on EEG that sleep time and intensity
significantly increased only on the first sleep restriction days, these results suggest that alterations
in the brain norepinephrine system in the basal forebrain and cingulate cortex may mediate
allostatic changes in sleep time and intensity observed during chronic sleep restriction.
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1. Introduction
Sleep responses to chronic sleep restriction (CSR) may be very different from those
observed after acute total sleep deprivation (SD). For example, short-term SD (i.e., 24 h or
less) in animals as well as humans normally produces robust compensatory increases in
sleep time and/or sleep intensity in the sleep episodes following the SD. However, when
sleep time is reduced for several consecutive days, several studies have reported that rats
adapt to the new sleep restriction (SR) condition by exhibiting attenuated (or non-
significant) increases in sleep time or intensity during the daily sleep opportunities
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(Deurveilher et al., 2012; Kim et al., 2007; Kim et al., 2012; Lancel and Kerkhof, 1989;
Rechtschaffen et al., 1999). Human CSR studies have also found adaptive sleep responses in
that subjective sleepiness stabilizes at a mildly elevated level within the first 3 days of SR.
However, objective sleepiness and neurobehavioral performance continue to worsen across
SR days in humans and animals (Belenky et al., 2003; Carskadon and Dement, 1981; Kim et
al., 2012; McCoy et al., 2013; Van Dongen et al., 2003). We recently reported that the brain
adenosine system may mediate the continuous elevation in objective sleepiness observed
during CSR in rats (Kim et al., 2012). However, it is still unknown what neurochemical
mechanisms mediate the allostatic sleep responses, specifically the rapid adaptation of sleep
time/intensity, observed during CSR.

Accumulating evidence suggests that locus coeruleus (LC) norepinephrine (NE) neurons
may play a key role in regulating sleep duration and sleep intensity. For example, LC NE
neurons in rodents stop firing before the transition from waking to sleep (Aston-Jones and
Bloom, 1981) and before sleep-active neurons in the basal forebrain or preoptic
hypothalamic neurons exhibit elevated discharge activities (Takahashi et al., 2010). These
results suggest that sleep may be initiated by silencing wake-promoting neurons in the LC
(Berridge, 2008; Takahashi et al., 2010). Even though electrical and pharmacological
stimulation or inhibition of LC neurons alters arousal state, chemical or genetic ablation of
LC NE neurons produces only small effects in sleep-wake amount, (Berridge, 2008; Blanco-
Centurion et al., 2004; Gompf et al., 2010). This is likely due to compensation by other
arousal promoting neuronal populations or within the NE system itself (Abercrombie and
Zigmond, 1989; Harik et al., 1981), since maintaining wakefulness is critical for an animals’
survival. However, selective lesion of LC NE neurons using the neurotoxin DSP-4 reduces
NREM delta power in low frequency ranges (< 1.5Hz) during subsequent recovery sleep
after 6-h SD (Cirelli et al., 2005), implying that NE tone during wakefulness affects NREM
delta power during subsequent sleep. A recent optogenetic study also confirmed that LC NE
neurons are actively involved in modulating sleep/wake time and EEG power of different
arousal states (Carter et al., 2010). Therefore, the combined evidence indicates that the NE
system is a good candidate for a neuronal mechanism underlying the adaptive changes in
sleep time and intensity observed in the CSR condition.

We investigated the time course of changes in adrenergic receptor (AR) mRNA levels
before, during, and after 5 days of SR. The findings reveal that the pattern of brain AR
mRNA changes in specific brain areas parallels the adaptive changes of sleep time/intensity
observed in CSR, suggesting the norepinephrine system as a possible mediator of sleep
allostasis.

2. Results
Following a 24-h baseline sleep (BL) day, each day rats underwent 18-h SD each day
followed by 6-h sleep opportunity (SO). The SO was given during the first 6 h of the light
period (10 AM to 4 PM, or zeitgeber time (ZT) 0-6). This SR protocol was repeated for 5
consecutive days, followed by 3 unrestricted recovery sleep days (R1-R3). Brain samples for
mRNA analysis were collected at the light onset (i.e. immediately following 18-h SD on SR
days) on 6 selected experimental days (BL, SR1, SR3, SR5, R1, R3).

As shown in the Figure 1, α1-AR mRNA levels in the basal forebrain were significantly
increased only on SR1 (+36%, N = 8, P = 0.025) and returned to the baseline level for
remaining SR days as well as during recovery days. Similar single day changes were also
observed for α2-AR (+33%, N = 12, P = 0.034) and β1-AR (-22%, N = 10, P = 0.047) in the
anterior cingulate cortex. In contrast, the frontal cortex showed continuously reduced levels
of all 3 subtypes of AR mRNA examined throughout SR days and R1 day [α1-AR (N = 8):
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−46% on SR1, −50% on SR3, −55% on SR5 and −53% on R1 (all P = 0.012); α2-AR (N =
9): −20% on SR3 (P = 0.028), −37% on SR5 (P = 0.008) and −33% on R1 (P = 0.038); β1-
AR (N = 7): −50% on SR3 (P = 0.018), −37% on SR5 (P = 0.043) and −42% on R1 (P =
0.028)]. The other brain areas (i.e., hippocampus and thalamus) did not show any significant
changes for any of the 3 AR mRNA levels examined.

The exercise control group (Fig. 2) showed significant increases in α2-AR mRNA levels
only on SR1 in the basal forebrain (+22%, N = 7, P = 0.028). In the anterior cingulate
cortex, significant increases were observed in α1-AR mRNA levels on SR3 (+25%, N = 8, P
= 0.050), α2-AR (N = 8) on SR3 (+38%, P = 0.025), R1 (+67%, P = 0.018) and R3 (+61%,
P = 0.050), and β1-AR on SR3 (+47%, N = 8, P = 0.017). However, there were no
overlapping significant changes in AR mRNA levels between the CSR group and the
exercise control group.

3. Discussion
Selective changes of AR mRNA levels following 18 h of SD per day were observed only on
the first SR day for α1-AR in the basal forebrain and for α2- and β1-AR in the anterior
cingulate cortex. In contrast, the frontal cortex α1-, α2-, and β1-AR mRNA levels were
reduced throughout the 5 days of SR. The thalamus and hippocampus did not show any
significant changes at all. We have previously reported that during daily 6-h SO, significant
compensatory increases in total sleep time and NREM delta power were observed only on
the first SR day and were absent on SR days 2 to 5 (Kim et al., 2012). Taken together, these
results suggest that alterations in the brain NE system in the basal forebrain and cingulate
cortex may mediate allostatic changes in sleep time and intensity observed during CSR.

3.1. Homeostasis vs. allostasis
In everyday life, organisms exert a coordinated physiological process to maintain most
stable states. This process is called “homeostasis” (Cannon, 1929), which is observed in
various physiological systems such as pH, body temperature, glucose levels and daily sleep-
wake amount. To survive, however, all organisms also need to actively adapt to changes in
the environment, especially when the environmental changes are persistent. Animals change
their morphology, physiology and behavior in response to seasonal change or as they go
about their life cycle (McEwen and Wingfield, 2003). Achieving stability through change is
called “allostasis” (Sterling and Eyer, 1988). Allostasis is a broader concept than simple
‘adaptation’ in that it includes both adaptive changes and the cost of adaptation to the body
system. When environmental changes are unpredictable but long lasting, such as storms or
natural disasters, animals experience chronic stress, which may induce a continuous high
levels of the mediators of allostasis (including glucocorticosteroids, catecholamines and
inflammatory cytokines), which can result in negative impacts on the body (McEwen and
Wingfield, 2003). The cumulative cost to the body system in the process of adaptation is
called “allostatic load” (McEwen, 1998). Continuous high level of allostatic load often leads
to developing serious pathophysiology such as obesity, hypertension, neuronal death
(McEwen and Wingfield, 2003). Recently, the existence of sleep allostasis during CSR has
been reported (Deurveilher et al., 2012; Kim et al., 2007; Kim et al., 2012; McEwen, 2006).

3.2. Changes in receptor expression may reflect altered ligand levels
In this study, we observed that the AR mRNA levels were changed only on the SR day 1 and
returned to the baseline level by SR day 3 for α1-AR in the basal forebrain and for both α2-
and β1-AR in the anterior cingulate cortex (Fig. 1). It remains unknown precisely how CSR
induces these allostatic changes in AR levels, especially in different brain areas. To
postulate from existing lines of evidence, during wake or short-term SD, LC neurons
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increase their activity (Kalen et al., 1989; Shouse et al., 2000), which may in turn induce
changes in its receptor number or affinity. Receptor desensitization or downregulation is
very common in G-protein coupled receptors, which includes adrenergic and adenosine
receptors (Grady et al., 1997; Sibley and Lefkowitz, 1985). Therefore, it is likely that NE
release increases immediately when animals confronts a new SD condition, but the increased
NE output rapidly returns to the baseline level as animals adapt to the repeated SR schedule.
Returning of NE ligand level brings its receptor levels back to the baseline level too, as seen
in the anterior cingulate cortex and the basal forebrain in this study (Fig. 1). In support of
this model, 3 d of REM SD decreased NE tissue levels in the rat frontal cortex during the
first 24 h and then returned to the baseline level (Porkka-Heiskanen et al., 1995). A similar
adaptive pattern in the activation of LC neurons during 5 d of REM SD was also reported as
assessed by c-Fos activity: significant increases on the SD day 1 and no difference on day 5
(Basheer et al., 1998). This highly adaptive characteristics of NE neurons may explain why
many previous studies using 2 days or longer of selective REM or total SD protocols have
failed to find alterations in NE ligand or receptor levels when these measures are assessed
only after the long-term sleep loss (Abel et al., 1983; Bergmann et al., 1994; Brock et al.,
1994; Mogilnicka, 1981; Radulovacki and Micovic, 1982; Tsai et al., 1993).

Norepinephrine acts through 3 major types of receptors in the brain: α1, α2 and β. In
general, α1- (depolarizing, excitatory) and β-AR are present primarily postsynaptically
whereas α2-AR (hyperpolarizing, inhibitory) exist both pre- and postsynaptically (Berridge
et al., 2012; Jones, 2005). α1- and β-AR are suggested as wake-promoting while α2-ARs are
sleep-promoting, especially in the preoptic-basal forebrain area (Berridge et al., 2012;
Manns et al., 2003). We have observed that direction of change of β-AR and α2-AR are
opposite in the anterior cingulate cortex: downregulation and upregulation, respectively.
This is also consistent with the findings in adenosine receptors; downregulation of
postsynaptic (excitatory) A2a receptors and upregulation of presynaptic (inhibitory) A1
receptors during CSR (Kim et al., 2012). However, the upregulation of α1-AR mRNA levels
observed in the basal forebrain (Fig. 1) are in contrast to this pattern. Evidence suggests that
α1-AR is wake-promoting in the medial preoptic area and medial septum area, but not in the
substantia innominata (Berridge et al., 2012). Interestingly, α1-AR may also have potential
sleep-promoting actions in the medial preoptic area since infusion of α1-AR antagonist
increased wake amount (Kumar et al., 2006). Unfortunately, since the basal forebrain tissue
collected in this study includes all 4 subdivisions of the basal forebrain (i.e., the medial
septum, diagonal band of Broca, magnocellular preoptic nucleus, and substantia
innominata), further studies are needed to find out basal forebrain subarea-specific changes
in the AR density during CSR.

We found that the exercise control group did not show any specific pattern of changes in the
basal forebrain and anterior cingulate cortex (Fig. 2), where we observed the distinct
adaptive pattern of mRNA changes in the CSR group (Fig. 1). The reason why the exercise
control group exhibited such an unspecific pattern of change is unknown. However, we rule
out the possibility that it is due to the effect of locomotor activity because the exercise
control group had experienced the exactly same distance of wheel rotation movement during
18-h SD (4-s on & 12-s off in CSR group vs. 30-min on & 90-min off in exercise control
group).

3.3. Possible neurochemical mechanism of sleep allostasis
Our working hypotheses are that 1) NE release is homeostatically regulated in that elevated
release of NE during the active period is followed by prolonged depletion during the
inactive period, and 2) the NE tone during wakefulness affects the magnitude of sleep time
and intensity during following sleep. When sleep time is reduced to only a few hours on the
first SR day, we speculate that LC neuronal activity and NE release, during forced
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wakefulness, increase, which is counteracted by downregulation of NE receptors, as
observed in β1-AR mRNA levels of the anterior cingulate cortex (Fig. 1). However, net NE
tone (i.e., combination of ligand levels and receptor density) is still elevated as receptor
downregulation can only partially offset the effects of elevated ligand levels. The elevated
NE tone during wakefulness induces longer quiescence in LC neuronal activity during the
following sleep opportunity, generating strong homeostatic sleep drive (HSD), expressed as
a longer sleep time and higher sleep intensity. However, when SR is repeated the next day,
we predict that less NE is released and less receptor downregulation occurs, leading to
reduced HSD. From the third day, no significant changes in NE and AR receptor mRNA
levels and HSD are observed. In other words, rats’ HSD has adapted to the new SR
condition (i.e., sleep allostasis has occurred) by SR day 3. Interestingly, in humans, self-
rated feeling of sleepiness also does not significantly increase after 3 days of SR (Belenky et
al., 2003; Van Dongen et al., 2003), which indicates a similar time course of rapid adaptive
changes.

The inhibitory neuromodulator adenosine is suggested as an endogenous sleep factor.
During periods of spontaneous or forced wakefulness, extracellular adenosine levels rise in
the basal forebrain, which inhibits wake-active neurons (Basheer et al., 2004). The repeated
wake extensions and shorter sleep amount may induce cumulative increases in brain
adenosine levels, especially in the basal forebrain and the frontal cortex, which is
accompanied by continuous changes in adenosine receptor mRNA levels throughout 5 days
of SR (Kim et al., 2012). CSR also induces a continuously high corticosterone level in the
system, which may last more than a few weeks. For example, increases in the corticosterone
level in chronically sleep restricted rats were highest on day 1 and persisted to day 6
although with a lesser degree (Roman et al., 2006), and were still elevated at weeks 4 and 11
(Zielinski et al., 2012).

Therefore, sleep allostasis may be very different from existing allostasis models reported in
many other biological systems (McEwen, 1998) in that it has 2 distinct phases: rapid
adaptation and slow adaptation. Animals rapidly adapt (i.e. within 3 days) their daily amount
of sleep to a new sleep condition, stabilizing their sleep time and intensity to a new
homeostatic set point. Meanwhile, reduced sleep amount-related stress may persist for
several weeks or longer as indicated by prolonged elevated levels of corticosterone (Roman
et al., 2006; Zielinski et al., 2012). The rapid adaptation of HSD appears to paradoxically
cause animals not to utilize their limited sleep opportunity maximally to compensate for the
sleep loss they experienced during the daily SD periods of CSR. This behavior is also
observed in humans that people sacrifice their sleep amount to do pleasure-seeking activities
such as drinking, smoking, eating, watching TV or playing games, which all can be
interpreted as counter-stress behaviors (Dallman et al., 2003; Lazarus and Folkman, 1984;
Sinha, 2008).

The persistent high level of mediators of allostasis, including corticosterone and possibly
adenosine tone, results in cumulative increases in allostatic load to the animals, which
includes increased objective sleepiness (Carskadon and Dement, 1981; Kim et al., 2012) and
neuronal dendritic atrophy especially in the frontal cortex and hippocampus (McEwen,
2006; Meerlo et al., 2009). Throughout the 5 SR days, we have observed consistently low
mRNA levels in most receptors that we measured in the frontal cortex: adenosine A2a (Kim
et al., 2012) and NE α1, α2, and β1 receptors (Fig. 1). This might be explained as loss of
synapses or diminished arborization of neurons in the frontal cortex as observed in chronic
stress studies (McEwen, 1998; McEwen, 2006). However, we found no significant decreases
in any receptor expression we measured in the hippocampus (Fig. 1 and Kim et al., 2012).
Both increased objective sleepiness and neuronal atrophy in the frontal cortex may underlie
the cumulative impairment in daily neurocognitive performance (Belenky et al., 2003; Van
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Dongen et al., 2003). Continuing SR without fully recovering sleep loss may ultimately lead
to severe detrimental effects on health including hypertension, obesity, neuronal atrophy or
loss, and even mortality (Dinges et al., 2005).

3.4. Sleep allostasis in Wistar-Kyoto rats
Adaptive changes in sleep time and intensity during CSR have been observed in most rat
strains studied including Sprague-Dowley (Kim et al., 2012; Rechtschaffen et al., 1999),
Wistar (Deurveilher et al., 2012; Lancel and Kerkhof, 1989), and F344 (Kim et al., 2007).
Interestingly, such adaptive sleep responses to CSR were not observed in Wistar-Kyoto
(WKY) rats (Leemburg et al., 2010). Our working model on the change of norepinephrine
tone and HSD during CSR may explain why WKY rats (Leemburg et al., 2010) did not
show such allostatic changes. Animals’ responses to a stressor consist of activation of 2
major body systems: the hypothalamic-pituitary-adrenocortical and sympatho-
adrenomedullary axes. It is not clear yet whether circulating corticosteroids and adrenaline
are directly associated with NREM delta power because adrenalectomy reduces baseline
SWA (Bradbury et al., 1998) while SWA rebound following SD are intact in
adrenalectomized rats (Bradbury et al., 1998) and mice (Mongrain et al.). However, stress-
induced alterations in sleep duration and fragmentation are well known in humans and
rodents (Mezick et al., 2009; Pawlyk et al., 2008). WKY rats are widely known to exhibit
high susceptibility to stressor and inability to adapt to stress (Morilak et al., 2005; Pare,
1989; Pare and Redei, 1993; Redei et al., 1994). Thus, it is possible that that WKY rats do
not adapt to repeated sleep restriction due to elevated norepinephrine tone (in addition to
corticosterone) throughout the period of CSR especially when the sleep deprivation method
is fairly stressful. For example, the disk-over-water technique used by Leemburg et al.
(2010) is potentially more stressful than other sleep deprivation methods since it involved
continuous arousal stimulation by human experimenters in addition to rats’ frequent falling
into the water during the entire 20-h SD periods. Our model suggests that continuous high
level of NE tone produced by stressful condition during SD periods results in elevated SWA
during following sleep. Nonetheless, it remains important to determine at the mechanistic
level why the sleep responses of WKY rats to CSR do not resemble those of other rat
strains. For example, it would be very interesting to compare brain NE tone during CSR
produced by different SD methods in WKY rats to find out the cause of the discrepancy in
sleep responses.

3.5. Conclusions
Based on our previous CSR study (Kim et al., 2012) and the current study, we propose that
allostatic sleep responses may be mediated by the NE system in a brain area and receptor
subtype specific manner. The consequent allostatic load may be mediated by the adenosine
system, in addition to other well known mediators of allostasis such as corticosterone and
cytokines. Future studies are needed to confirm the functional importance of the mRNA
changes observed in this study. Although changes in mRNA levels are not always reflected
in actual changes in the receptor protein, acute sleep deprivation-induced changes in
adenosine receptor mRNA and membrane receptor density have been shown to occur in
parallel (Basheer et al., 2001; Basheer et al., 2005; Basheer et al., 2007). Also needed are
follow-up studies to test if the NE system directly mediates or causally regulates the rapid
adaptive changes in homeostatic sleep drive. Although further studies are needed, the
present study is a key first step in revealing a possible neurochemical mechanism underlying
sleep allostasis observed during CSR.
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4. Experimental procedure
4.1. Subjects

Three-month-old male Sprague-Dawley rats (Charles River, Wilmington, MA, USA) were
housed individually and maintained on a 12:12h light-dark cycle (light on at 10 AM) with
free access to food and water. 120 rats in total were used in this study. All animal procedures
were approved by the Institutional Animal Care and Use Committee of the VA Boston
Healthcare System, and were in accordance with National Institutes of Health guidelines for
the treatment of animals.

4.2. Sleep Deprivation
Animals (N=12) were sleep deprived by placing each animal in a periodically rotating wheel
(product #80860, Lafayette Instrument Lafayette, IN, USA) programmed on a repeated
cycle of 4-s on (3 m/min) and 12-s off during the daily 18-h periods of SD (Animal Wheel
Monitor software, Lafayette Instrument, Lafayette, IN, USA). The exercise control group
(N=8) was on 30-min on and 90-min off schedule to give an extended sleep opportunity with
the same distance of wheel movement. Animals had free access to food and water
throughout the SD and SO periods. After the daily 18-h SD period, animals were quickly
returned to their sleep recording home cage for the 6-h SO.

4.3. qRT-PCR
Brain tissue samples were punched (2mm in diameter) from brain slices (2mm in thickness)
for the 5 different brain areas. The brain coordinates (AP, ML, and DV in mm) were 4.5,
1.5, 2.0 for the frontal cortex; 0.5, 0.0, 2.0 for the anterior cingulate cortex; 0.5, 2.5, 8.5 for
the basal forebrain; −2.5, 0.0, 5.5 for the thalamus; and the whole hippocampus (from −2.5
to −4.5 in AP). The RNA was extracted using TRIzol Reagent (Invitrogen, Carlsbad, CA,
USA) and reverse transcribed using Oligo(dT)20 and SuperScript III (Invitrogen). Real time
PCR was performed using Taqman Gene Expression Assays (Applied Biosystems, Foster
City, CA, USA) on rat α1-AR (Cat# Rn00567876_m1), α2-AR (Cat# Rn00562488_s1) and
β1-AR (Cat# Rn00824536_s1), as well as beta-actin (Cat# 4352340E) to serve as an internal
control to normalize RNA concentration variation among samples. Relative quantification
was done using the comparative Ct method (ΔΔCt method) (Livak and Schmittgen, 2001).
The fold-difference in the levels of mRNA expression was calculated as described
previously (Chen et al., 2006). Individual samples were excluded from analysis based on the
following exclusion criteria: 1) if the cDNA in the sample was too low to produce linear
amplification within 35 PCR cycles, or, 2) if the mRNA levels assessed in the sample were
regarded as an outlier (3 standard deviations away from a group mean). To avoid the
potential confounding factor that PCR amplification efficiency varies between runs, samples
from 5 different brain regions were grouped into matching sets and the same set was always
run on the same plate. PCR is based on exponential amplification and the fold differences
are not normally distributed. Hence, the Wilcoxon signed-rank test, a non-parametric paired
test, was used to compare ΔΔCt values from experimental groups to the baseline values.
Comparisons were considered significant if p < 0.05.
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Abbreviations

AR adrenergic receptor

BL baseline

CSR chronic sleep restriction

HSD homeostatic sleep derive

LC locus coeruleus

NE norepinephrine

NREM non-rapid eye movement

qRT-PCR quantitative reverse transcription-polymerase chain reaction

R recovery sleep

REM rapid eye movement

SD sleep deprivation

SO sleep opportunity

SR sleep restriction

WKY Wistar-Kyoto

ZT zeitgeber time
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Highlights

• Changes in norepinephrine tone show an adaptive pattern during sleep
restriction.

• Changes in sleep time and intensity also showed an adaptive pattern.

• Therefore, norepinephrine system may mediate sleep allostasis.
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Figure 1. Adrenergic alpha 1, alpha 2 and beta receptor mRNA levels during chronic sleep
restriction
The brain tissue was collected at the light onset, which is immediately after 18-h sleep
deprivation on sleep restriction (SR) days. The time course of changes (mean ± s.e.m.) show
2 major patterns: allostatic (basal forebrain alpha 1 and anterior cingulate cortex alpha 2 and
beta) and homeostatic (all 3 receptor types in the frontal cortex). The asterisk (*) indicates
statistical significance (P < 0.05, N=7~12) compared to the BL.
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Figure 2. Adrenergic alpha 1, alpha 2 and beta receptor mRNA levels in the exercise control
group
The brain tissue was collected at the light onset following the 30 min-on and 90 min-off
cycle of sleep deprivation wheel rotation. The time course of changes (mean ± s.e.m.) show
no specific patterns. The asterisk (*) indicates statistical significance (P < 0.05, N=7~8)
compared to the baseline (BL).
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