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Objective. Okra, possessing various bioactive components, is used to treat di�erent diseases. �is study sought to estimate the
intervention e�ects of okra extract (OE) on brain-gut peptides (BGPs) and intestinal microorganisms in sleep deprivation (SD)
rats.Methods. SD rat models were established using the modi�ed multiple platform method and then treated with normal saline,
diazepam tablets, or di�erent doses of OE. Body weight and average daily water consumption of rats were recorded. Depressive
behaviors of rats were assessed by the open �eld test and sucrose preference test. Serum levels of noradrenaline, melatonin,
in�ammatory factors (IL-1β/IL-6/TNF-α/IL-4/IL-10), and BGP indexes, including gastrin (GAS), motilin (MTL), 5-hydroxy-
tryptamine (5-HT), cholecystokinin (CCK), and vasoactive intestinal peptide (VIP) were measured by ELISA. Additionally, the
DNA relative contents of representative intestinal microorganisms in the collected rat feces were determined using RT-qPCR.
Results. SD decreased body weight and average daily water consumption and induced depressive behaviors as well as stress and
in�ammatory responses in rats. SD rats exhibited lowered GAS, MTL, 5-HT, and VIP but elevated CCK and showed diminished
DNA relative contents of Bacteroidetes and probiotics (Bi�dobacteria and Lactobacilli) but increased Clostridium perfringens. OE
at di�erent doses ameliorated the depressive behaviors and mitigated the stress and in�ammatory responses in SD rats, raised the
serum contents of GAS, MTL, 5-HT, and VIP, reduced CCK level, elevated the DNA relative contents of Bacteroidetes and
probiotics, but diminished Clostridium perfringens. OE exhibited similar intervention e�ects to diazepam tablets (positive
control). Conclusion. OE exerts intervention e�ects on BGPs and intestinal microorganisms in SD rats.

1. Introduction

Sleep is ubiquitous and complicated animal behavior, and
sleep health is a multidimensional pattern of sleep-wake,
adapted to environmental, individual, and social demands,
facilitating physical and mental well-being [1, 2]. Sleep
deprivation (SD) is a result of multiple health problems or a

contributor to various major health risks, raising great
public health concerns [3]. SD occurs when insu¨cient sleep
results in deterioration in health, decreased performance,
and inadequate alertness, which is extremely common, with
approximately 20% of adults being sleep-deprived [4]. In
addition, SD contributes to changes in mood, memory,
learning, and immune functions, a�ecting physical or
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psychological activities [5] and causing energy metabolism
disorder in neural cells [6]. As a strong stress stimulus,
prolonged SD impacts the behavioral and physiological
functions of the body, increases general systemic diseases,
and leads to cognitive decline and chronic fatigue syndrome
[7]. Owning to the importance of sleep, it is necessitated to
underline the complicated mechanism of SD to enhance
sleep quality.

Brain-gut peptides (BGPs), such as motilin, gastrin, and
calcitonin gene-related protein [8], are dual-distributed in
the gastrointestinal and nervous systems, exhibiting roles in
regulating the secretion of pro-inflammatory cytokines [9].
More importantly, the neuroprotective effects of numerous
BGPs have been documented [10]. For instance, electro-
acupuncture treatment could palliate the neurodegenerative
disease—Parkinson’s disease—by regulating BGPs in rats,
including cholecystokinin, gastrin, neuropeptide Y, so-
matostatin, and peptide YY [11]. Furthermore, BGPs are
implicated in sleep, learning from the idea that ghrelin is a
BGP that causes anxiety and other aberrant emotions,
contributing to the impacts of insomnia on emotional be-
haviors [12].

Intestinal microorganism, involved in various physio-
logical processes and metabolism, is imperative in circadian
rhythms and sleep [13]. Interestingly, the brain is intimately
and complexly linked with the gut, and this bidirectional
communication between the central nervous system and the
intestinal nervous system is termed the brain-gut axis, in
which the gut microbiome is pivotal [14]. Prior work has
supported the correlation between intestinal flora and sleep
quality [15, 16], and SD can result in corticosterone increase,
intestinal flora disorder, and colitis phenotype in mice
[17, 18]. Transient SD contributes to subtle changes in in-
testinal microorganisms in mice [19], whereas intestinal
microorganisms modulate SD-elicited inflammatory re-
sponses and cognitive impairment [20]. +ere are more than
100 trillion microorganisms in the human gut and Bacter-
oidetes are reported to be a common type of intestinal
bacteria [21], which are changed in SDmice [22]. In the wake
of advances in clinical medicine, the role of intestinal flora in
the brain-gut axis is gradually recognized [23, 24], which has
emerged as a research hotspot. It is noteworthy that the
brain-gut-microbiome axis imposes a potential role in
Alzheimer’s disease [23]. Neuropeptide Y and peptide YY
exert vital roles in obesity development through the brain-
gut axis [25]. Imbalances in the structure and function of
intestinal flora may be a driving force in global inflamma-
tion, which is implicated in several diseases [26, 27].
However, more investigation regarding the effect of SD on
BGP and intestinal microorganisms remains to be carried
out.

Okra (Abelmoschus esculentus L. Moench), originated in
Africa, is a vital vegetable crop that grows widely in tropical,
subtropical, and warm temperate regions [28, 29], which also
belongs to the natural plant-derived drug [30]. In 2016, the
production of okra exceeded 8.9 million tons in more than
33 countries, with the highest production in India [31]. Okra
fruit, used as a nutritious and fresh vegetable, possesses
medicinal and health properties. Additionally, okra

possesses abundant functional components, such as lipids,
minerals, carbohydrates, dietary fiber, pectin, amino acids,
and vitamins [32]. Okra extract (OE) mainly consists of okra
fruit extract and okra seed extract, playing a myriad of ef-
fects. +ere is evidence to suggest that okra fruit powder can
affect metabolic syndrome and intestinal microflora diver-
sity in high-fat-diet-induced obese mice [33]. In particular,
okra seed oil palliates ethanol-elicited liver damage and
mediates intestinal microbial dysregulation in mice [34].
Okra polysaccharide exerts an antidepressant effect by
balancing gut microbiota [35]. Okra seed and leaf extracts
exert a significant antioxidant activity and can act as major
antioxidants [36].+e ethanol extract of okra fruit may be an
effective wound-healing agent with antibacterial, antioxi-
dant, and anti-inflammatory activities [37]. Total polyphe-
nols, the major components in okra fruit extract [38], have
several subclasses, such as flavonoid. Flavonoid compounds
are the most imperative active ingredients in okra [39, 40].
Previous studies have also reported the isolation of natural
free flavonoid compounds and their derivatives from okra
fruit [41–43]. It is noteworthy that flavonoid compounds are
capable of regulating intestinal bacteria and playing a de-
fensive role against diseases [44–47]. However, there are few
clinical and experimental studies at home and abroad to
assess the effects of okra fruit extract on SD-induced in-
testinal flora imbalance and BGPs. Hence, in this study,
Sprague-Dawley rats were used as the experimental animals
to establish SD rat models by the modified multiple platform
method and SD rats were intragastrically administered with
different doses of OE to explore the intervention effect of OE
on BGPs and intestinal microorganisms in SD rats, hoping
to provide a scientific theoretical basis for OE in maintaining
human intestinal microbial homeostasis and improving
public health issues such as SD in humans. In addition, this
study lent insight to develop a natural plant-derived drug
rich in flavonoid compounds, along with the potential to
adjust intestinal bacteria, so as to improve the SD-caused
body behaviors.

2. Materials and Methods

2.1. Ethics Statement. All animal experiments were con-
ducted in line with the Guide for the Care and Use of
Laboratory Animals and ratified by the Laboratory Animal
Ethics Review Committee of Jiamusi University. Enormous
efforts were made to minimize the animal quantity and their
pain.

2.2. Experimental Animals. Healthy male Sprague-Dawley
rats (aged 15 weeks and weighing 200± 20 g) purchased
from Charles River [License No. SCXK (Beijing) 2016-0008,
Beijing, China] were reared at 18–25°C and 40–60% hu-
midity on 12 h light-dark cycles, with adequate food and
water [5, 8], subjecting to adaptive feeding for one week.

2.3. Establishment of SD Models. A modified multiple
platform method was used to establish rat models of SD [5].
Four small cylindrical platforms (6.5 cm diameter and 8 cm
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height) were fixed at the bottom of a self-made SD box
(41 cm× 33 cm× 25 cm) with an interplatform spacing of
8 cm longitudinally and 12 cm transversely. +e box was
filled with water and the water surface was approximately
1.0 cm below the platform surface. +e rats were placed on
platforms where they had free access to moving, food, and
water, with ample water and food on the top of the plat-
forms. Additionally, the top of the box was covered with wire
netting to prevent rats from escaping. +e illumination of
the 40-w fluorescent lamp was given from 6 : 50 to 18 : 50.
+e water temperature was maintained at 23–25°C, with
water in the box changed every day to keep clean. When
entering the rapid eye movement (REM) phase of sleep, the
rat head would fall into the water due to muscle relaxation
and reduced whole-body muscle tension, and then, the rats
would wake up and try to climb up the platform to avoid
drowning [22].

During the adaptive feeding, except the control group,
rats in other groups received standing training in the SD box
once a day for 1 h each. SD was processed starting on the 8th
day, once a day for 12 h (6 : 50–18 : 50) each, lasting for 3
weeks. +e general states of rats, such as mental status,
circadian activity, coat color, and stress response, were
observed, and the daily water consumption was recorded.

2.4. Drug Administration and Grouping. Totally 48 rats were
randomly allocated into the following 6 groups (8 rats/group,
rats were intragastrically injected with different drugs): control
group (normal saline, 8mL/kg/d), SD group (normal saline,
8mL/kg/d), and positive control group (diazepam tablet sus-
pension); and low-dose OE group (L-OE, 5mg/kg/d), medium-
dose OE group (M-OE, 10mg/kg/d), and high-dose OE group
(H-OE, 20mg/kg/d) [33]. During the SD process, diazepam
tablets and OEs were dissolved in normal saline to make into
suspensions, which were intragastrically administrated into rats
daily. +e diazepam tablets were provided by Yimin Pharma-
ceutical (H11020898, Beijing, China), and the dose for rats was
calculated to be 0.45mg/kg/d based on 6.3 times of adult dosage.
OE was provided by Biocar Biotechnology (Guangzhou,
Guangdong, China), showed as brown fine powders.

After 3 weeks of SD, the open field test (OFT) and sucrose
preference test (SPT) were conducted. +e sample collection
was performed the next morning after all behavioral exper-
iments. Following anesthesia, blood was collected from the
abdominal aorta of rats using a 10-mL vacuum blood col-
lection tube (at least 5mL per rat) and then allowed to stand
for 30min, followed by centrifugation at 3000 × g for 15min
to obtain the serum [33, 34]. In addition, rats were stimulated
by tail lifting to promote defecation on the ultra-clean bench,
with at least one grain of formed feces obtained from each rat.
Each grain of feces was stored in a sterile cryopreservation
tube, and the obtained serum and feces were placed in the
−80°C freezer for subsequent analyses.

2.5. Determination of BodyWeight. Rats were weighed using
an electronic scale (Yajin Electronic Technology, Shanghai,
China) on days 0, 7, 14, and 21 of the SD process, with the
unit of g.

2.6. Open Field Test (OFT). +e OFT analysis was used for
behavioral examination in rats. After 3 weeks of SD, rats
were placed in an open box (100 cm× 100 cm× 40 cm). +e
bottom of the box was segmented into 25 equally sized grids
(20 cm× 20 cm) with black lines, and the grids along the side
walls were calculated as peripheral grids (16 pieces) and the
rest were central grids (9 pieces). Subsequently, we manually
counted the number of rats horizontally crossing the grids
within 5min (the scores of horizontal movements: 1 score,
all four paws entered the grid, counted as 1 score/grid) and
the number of rearing of hind limbs (the scores of vertical
movement: 1 score, both forepaws rose high into the air or
climbed the wall, counted as 1 score/time). +e OFT scores
were the sum of the above two. +is test was conducted by
two experimenters who did not know the grouping of ex-
perimental rats in advance. +e scores recorded by the two
experimenters were averaged to obtain the final score.
Following the test for each rat, the open box was cleaned
with 75% ethanol and thoroughly dried, after which the next
rat was observed to avoid odors affecting the test results.

2.7. Sucrose Preference Test (SPT). After 3 weeks of SD, rats
were subjected to the SPT. Prior to the test, rats fasted and
water was forbidden for 24 h. Subsequently, rats were given
two bottles of water quantified in advance: one bottle of 1%
sucrose water and the other bottle of pure water. +irty min
later, the positions of sucrose water and pure water were
changed. Sixty min later, the water bottle was taken away and
the weight was recorded. +e proportion of sucrose water
consumption (sucrose preference rate)� sucrose water
consumption/total water consumption× 100%.

2.8. Enzyme-Linked Immunosorbent Assay (ELISA).
ELISA kits (Enzyme-linked Biotechnology, Shanghai,
China) were used to determine the levels of noradrenaline
(NE, ml002873), melatonin (MT, ml003417), interleukin
(IL)-1β (ml037361), IL-6 (ml064292), tumor necrosis factor-
α (TNF-α, ml002859), IL-4 (ml058093), IL-10 (ml028497)
[22], and BGP-related indexes, including gastrin (GAS,
ml862256), motilin (MTL, ml003079), cholecystokinin
(CCK, ml003073), 5-hydroxytryptamine (5-HT, ml059511),
and vasoactive intestinal peptide (VIP, ml936589) [8, 24].

2.9. Detection of Representative Intestinal Microorganisms.
Fecal samples (0.2 g) were put into a 2-mL round-bottom
centrifuge tube, and the total DNA was extracted from feces
using fecal DNA extraction kits. +e V3–V4 variable region
sequences of the 16S rRNA gene in the four investigated
intestinal bacteria (Bifidobacteria, Lactobacilli, Clostridium
perfringens, and Bacteroidetes) acted as the targets. +e
primers were designed based on the conserved region in the
sequence, and then, the amplification of polymerase chain
reaction was processed as follows: 5min at 95°C, then 25
cycles of 30 s at 95°C, 30 s at 50°C, 40 s at 72°C, and extension
for 7min at 72°C. Data were analyzed using the 2−ΔΔCt

method, and the primers are exhibited in Table 1.
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2.10. Statistical Analysis. All data were processed using SPSS
21.0 software (IBMCorp. Armonk, NY, USA). Measurement
data were exhibited as mean± standard deviation. Data
between two groups were analyzed by the independent
sample t-test or one-way repeated measures analysis of
variance (ANOVA). Comparisons between multiple groups
were conducted using one-way ANOVA, and Tukey’s
multiple comparisons test was performed for the post hoc
analysis. +e p< 0.05 was regarded statistically significant.

3. Results

3.1. SD-Induced Depressive Behaviors in Rats. Growing re-
ports have elicited the association between SD with de-
pression- and anxiety-like behaviors [48, 49]. To assess the
effect of SD on depressive behaviors in rats, we observed the
general states of rats after SD modeling and then found that
SD rats showed manifestations of excitement, irritability,
listlessness, and reduced response to surrounding envi-
ronmental stimuli, with irregular and dull coat color.
Compared with the control group, the SD rats had signif-
icantly reduced body weight on days 7, 14, and 21 (p< 0.01)
(Figure 1(a)) and diminished average daily water con-
sumption (p< 0.01) (Figure 1(b)). In addition, the OFT
results revealed that SD rats exhibited lower horizontal
scores, vertical scores, and total scores than the control rats
(p< 0.01) (Figures 1(c)–1(e)). +e SPT results unveiled that
relative to the control group, SD rats had notably diminished
sucrose preference rate (p< 0.01) (Figure 1(f)). Overall, SD
could cause depressive behaviors in rats.

3.2. SD-Triggered Stress and Inflammatory Responses in Rats.
It is noteworthy that SD affects the balance of inflammatory
markers and cytokines [50, 51] and induces stress responses
in mice [22, 52]. Next, we measured the serum levels of NE,
MT, and inflammatory factors in SD and control rats by
ELISA, and observed that SD rats presented prominently
higher NE but lowerMTthan the control group (all p< 0.01)
(Figures 2(a) and 2(b)). Additionally, compared with the
control group, the levels of pro-inflammatory factors (IL-1β,
IL-6, and TNF-α) were markedly elevated (p< 0.01)
(Figures 2(c)–2(e)), while the levels of anti-inflammatory
cytokines (IL-4 and IL-10) were significantly diminished in
the SD group (p< 0.01) (Figures 2(f ) and 2(g)). In summary,
SD could result in stress and inflammatory responses in rats.

3.3. OE Improved Depressive Behaviors and Mitigated Stress
and Inflammatory Responses in SD Rats. Preceding evidence
has noted that okra polysaccharide produces antidepressant
effects by preventing inflammation and balancing intestinal
microflora [35]. To investigate the effects of OE on de-
pressive behaviors, stress, and inflammatory responses in SD
rats, we intragastrically administrated 5, 10, and 20mg/kg/d
OE into rats during the SD process. +e results revealed that
relative to the SD group, OE intervention noticeably
maintained the elevation in rat body weight (p< 0.01),
average daily water consumption, OFT scores, and sucrose
preference rate (p< 0.01), while no differences were evident

between the low-, medium-, and high-dose groups (all
p> 0.05) and between the OE group and the diazepam group
(all p> 0.05) (Figures 3(a)–3(f)). Furthermore, after OE
intervention, the NE level was significantly diminished,
while the MT level was remarkably raised in SD rats, with
statistically evident differences in NE andMT levels between
the L-OE+ SD group and the H-OE+ SD group (all
p< 0.01), but not between the L-OE+ SD group and the
M-OE+ SD group (p> 0.05) (Figures 3(g) and 3(h)). Finally,
we determined the inflammatory factor levels in rat serum
and noted that OE attenuated the stimulatory effect of SD on
serum cytokines, manifested by significantly reduced IL-1β,
IL-6, and TNF-α, but there were no obvious differences in
IL-1β and IL-6 between the M-OE/H-OE+ SD groups and
L-OE+ SD group (all p> 0.05) and the difference in TNF-α
level between the L-OE+ SD group and H-OE+ SD group
was statistically evident (p< 0.01) (Figures 3(i)–3(k)). Ad-
ditionally, in comparison with the SD group, OE inter-
vention clearly enhanced IL-4 and IL-10 (all p< 0.01) and no
differences were significant in IL-4 level between the low-,
medium-, and high-dose groups (p> 0.05), and IL-10 level
was markedly higher in the H-OE+ SD group than that in
the L-OE+ SD group (p< 0.01), and the OE group and the
diazepam group showed no obvious differences (p> 0.05)
(Figures 3(l) and 3(m)). Briefly, OE could ameliorate de-
pressive behaviors and alleviate stress and inflammatory
responses in SD rats.

3.4. OE Regulated the Secretion of BGPs in SD Rats. +e
insomnia-triggered anxiety behaviors have been identified to
be related to changes in BGPs [12]. To assess the function of
OE on BGPs in SD rats, we measured the serum levels of
BGP-related indexes (GAS, MTL, 5-HT, VIP, and CCK) in
rats using ELISA and noted that the SD group exhibited
lower GAS, MTL, 5-HT, and VIP and higher CCK than the
control group. However, OE intervention reversed the SD-
induced changes in the above indexes. Meanwhile, we ob-
served that the H-OE+ SD group had higher GAS, 5-HT,
and VIP than the L-OE+ SD group, and M-OE/H-OE+ SD
groups exhibited a higher MTL level than the L-OE+ SD
group (all p< 0.01), but there was no evident difference in
the CCK level among different dose groups and between the
OE group and diazepam group (all p> 0.05) (Figures 4(a)–
4(e)). Taken together, OE could modulate the BGP gener-
ation in SD rats.

3.5. Intervention Effects of OE on Representative Intestinal
Microorganisms in SD Rats. Owing to the significance of
intestinal microorganisms in physiological rhythm and sleep
[13], we determined the DNA relative contents of four
representative intestinal bacteria by RT-qPCR. Subse-
quently, we observed that compared with the control group,
the DNA relative content of Bacteroidetes was clearly di-
minished in the SD group but raised after OE intervention,
with significant differences between medium-/high-dose OE
and low-dose OE (all p< 0.01) and no significant differences
between the diazepam group and the OE group (p> 0.05)
(Figure 5(a)).
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Moreover, the SD group had noticeably lower DNA
relative contents of probiotics (Bifidobacteria and Lacto-
bacilli) than the control group (p< 0.01), indicating the
obvious inhibition of SD on these two intestinal bacteria.
After OE intervention, the DNA relative contents of Bifi-
dobacteria and Lactobacilli increased significantly (p< 0.01),
and this increase was greater in the H-OE+ SD group than
that in the L-OE+ SD group (Figures 5(b) and 5(c)).

In addition, the DNA relative content of Clostridium
perfringens was elevated in SD rats but reduced upon OE
intervention, which was markedly lower in the M-OE/H-
OE+ SD groups than that in the L-OE+ SD group (all
p< 0.01), with no evident difference between the diazepam
group and the OE group (p> 0.05) (Figure 5(b)). Altogether,
OE exerted an intervention effect on representative intestinal
microorganisms in SD rats.

4. Discussion

Sleep is essential for physiological homeostasis maintenance,
health, and life quality, but SD is a growing health issue in
contemporary society [53, 54]. Recently, the relevant re-
search about SD mainly focuses on the cognitive function of
the brain, and for instance, SD is reported to disrupt the
plasticity and transmission of synapses, resulting in memory
impairment [55]. Propofol alleviates learning and memory
impairment in SD rats by suppressing autophagy in hip-
pocampal neurons [6]. Chronic SD causes memory im-
pairment, and selenium treatment improves antioxidant
enzyme activity in the hippocampus [56]. Compelling evi-
dence has identified that the gut microbiome influences
sleep quality via the brain-gut-microbiome axis [15]. Im-
portantly, the components of okra, such as polysaccharides

Table 1: Primer sequences.

Intestinal bacteria Forward 5′–3′ Reverse 5′–3′
Bifidobacteria GATGCAACGCGAAGAACCTTACCT CTTAACCCAACATCTCACGACACGA
Lactobacilli GGGAGGCAGCAGTAGGGAATCTT GTTAGCCGTGACTTTCTGGTTGGAT
Clostridium perfringens GCGTAGAGATTAGGAAGAACACCAG TATTCATCGTTTACGGCGTGGACTA
Bacteroidetes AAAGGGAGCGTAGGTGGACAGTT TGCCTTCGCAATCGGAGTTCTTC
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Figure 1: SD-induced depressive behaviors in rats. SD rat models were established using a modified multiple platform method. (a) Assessment of
body weight; (b) statistics of average daily water consumption; (c)–(e) assessment of OFTscores; (f) determination of sucrose preference rate. N� 8,
data were expressed asmean± standard deviation. Data comparisons in panelAwere performed using one-way repeatedmeasures ANOVA and data
in panels B/C/D/E/F were analyzed using the independent sample t-test. ∗∗p< 0.01, ∗∗∗p< 0.001.
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and pectin, could regulate intestinal flora [57]. +e current
study highlighted the intervention effects of OE on BGPs
and intestinal microorganisms in SD rats.

SD is reported to have numerous negative effects, in-
cluding cognitive deficits, impaired performance, personal
conflicts, mood disturbances, and poor communication with
family [58]. A precedingmeta-analysis has suggested that SD
can exacerbate depression-like behaviors [59]. A core
symptom of depression-anhedonia that refers to the inability
to experience pleasure from enjoyable or rewarding activities
can be evaluated by the SPTassay, and the OFTexperiment is
a test of anxiety-related behaviors and locomotion [60].
Herein, we estimated the association between SD and de-
pressive behaviors. Our results noted that SD rats exhibited
decreased body weight, daily water consumption, OFT
scores, and sucrose preference rate. In line with our findings,
mice subjected to prolonged paradoxical SD exhibited de-
pressive-like behaviors and decreased locomotive activity
and sucrose preference rate [61]. Additionally, SD rats
exhibited anxiety-like behavior during OFTand depression-
like behaviors in the forced swim test [62]. Intriguingly, 96 h
of REM-SD enhanced caloric intake but reduced body
weight in rats [63]. Conjointly, SD could provoke depressive
behaviors in rats.

Growing reports have revealed that SD could increase
oxidative stress and inflammatory markers [64, 65]. Stress
normally results in sleep loss which, in turn, could aggravate
physiological stress responses [66]. MT is an acknowledged
free radical scavenger with powerful antioxidant and anti-
stress functions [67, 68]. NE is involved in stress responses
and stressful stimuli could induce an increased NE level in

the prefrontal cortex [69]. Due to the intrinsic impacts of SD
on inflammation and stress response, we detected the rel-
evant indexes. Unsurprisingly, SD rats had elevated NE;
diminished MT; raised IL-1β, IL-6, and TNF-α; and reduced
IL-4 and IL-10. Consistently, previous findings supported
that SD exacerbates inflammatory responses, featured by an
elevation of pro-inflammatory mediators including IL-1β,
IL-6, IL-17, and TNF-α in humans and animals [22, 70, 71].
Briefly, the above evidence and findings confirmed that SD
caused stress and inflammatory responses in rats.

Apart from the nutritious feature, okra possesses anti-
oxidant, immunomodulation, and antifatigue effects,
exerting health-promoting properties [72]. To assess the role
of OE in SD rats, we intragastrically injected different doses
of OE into SD rats. Afterwards, we observed that OE in-
tervention enhanced body weight, daily water consumption,
OFT scores, and sucrose preference rate in SD rats. Addi-
tionally, OE treatment lowered NE; increased MT; dimin-
ished IL-1β, IL-6, and TNF-α; and elevated IL-4 and IL-10 in
SD rats. Importantly, accumulating studies have evidenced
the antidepressant effects of numerous herbs [73–75]. OE,
abundant in antioxidant substances, suppresses oxidative
stress by avoiding the excessive consumption of antioxidant
enzymes [76]. Moreover, okra is a truly promising natural
ingredient to reduce inflammation in individuals with in-
flammation-predisposed disorders, with the potential to
diminish C-reactive protein, IL-1β, IL-6, and TNF-α [77]. In
particular, flavonoid, one of the most pivotal components of
okra, is responsible for the antioxidant and anti-inflam-
matory effects [39]. Compelling evidence suggests that the
total flavonoid extract of flowers of Abelmoschus manihot
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Figure 2: Effects of SD on stress and inflammatory responses in rats. (a)-(b) ELISA determined the serum levels of NE and MT; (c)–(g)
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(L.) Medicus alleviates acute lung injury in mice by inhibiting
inflammation and oxidative stress [78]. In addition, total fla-
vonoids extracted from flowers of Abelmoschus manihot can
protect mice against carbon tetrachloride-induced liver injury
via antioxidant stress and anti-inflammatory properties [79].
Collectively, OE intervention mitigated the SD-evoked

depressive behaviors and stress and inflammatory responses in
rats.

+e possible involvement of brain-gut interactions in
insomnia treatment has been confirmed [80]. Subsequently,
we determined the BGP-related indicators and unraveled
that GAS, MTL, 5-HT, and VIP levels were decreased, and
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Figure 3: OE improved depressive behaviors and mitigated stress and inflammatory responses in SD rats. Rats were subjected to SD along
with intragastric administration. (a) Assessment of body weight; (b) statistics of average daily water consumption; (c)–(e) assessment of OFT
scores; (f ) determination of sucrose preference rate; (g)-(h) measurement of NE and MT levels in serum; (i)–(m) ELISA determined the
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the CCK level was increased in SD rats, while these SD-
caused changes were annulled by OE intervention. GAS is a
brain-gut peptide that is widely known for its growth
hormone-releasing and orexigenic activities, which partic-
ipates in sleep regulation [81]. Central 5-HT limits apnea
and stabilizes breathing by reducing cholinergic signaling
through muscarinic receptors [82]. However, the studies
about the function of OE in regulating BGPs are limited, and
our findings creatively documented that OE could regulate
the BGP secretion in SD rats.

Sleep duration and quality may be essential targets for
keeping healthy gut microbiota composition [16], and
sleep disorders are also linked with changes in gut
microbiota composition in animal and adult human
models [83]. Lactobacilli and Bifidobacteria are beneficial
bacteria in the gut [15, 84, 85], and Lactobacillus fer-
mentum can improve sleep conditions in mice and ef-
fectively reduce sleep latency and the time to return to
normal REM sleep [86]. Moreover, the combination of
living Bifidobacterium and Lactobacillus mitigates anxi-
ety- and depression-like behaviors in mice [87]. On a
separate note, Clostridium perfringens is a class of harmful
bacteria present in the gut [88], which can lead to in-
testinal dysbacteriosis [89]. We then detected the DNA

relative contents of four intestinal bacteria. +e RT-qPCR
results unveiled that SD rats showed elevated DNA rel-
ative contents of Clostridium perfringens and diminished
Bacteroidetes, Bifidobacteria, and Lactobacilli. By contrast,
OE reversed the above SD-elicited changes in intestinal
bacteria. Preceding evidence has noted that okra pectin
palliates inflammatory responses and protects the intes-
tinal mucosal barrier function by increasing the content of
intestinal antibacterial peptides [57]. Moreover, okra seed
oil notably enhances the Bacteroidetes population and
maintains intestinal eubiosis in ethanol-treated mice [34].
+e main active ingredient of okra fruit extract is flavo-
noid. It is broadly acknowledged that flavonoid com-
pounds can modulate intestinal bacteria [44, 45, 47, 90].
Specifically, baicalin, a plant-derived flavonoid, has a
variety of biological activities, which inhibits lung injury
by manipulating the production of intestinal bacteria and
short-chain fatty acids [91], improves metabolic abnor-
malities and intestinal bacteria, and reduces diet-induced
metabolic syndrome [92]. Interestingly, total flavonoids of
Abelmoschus manihot effectively ameliorate the ulcerative
colitis aggravated by chronic stress and improve de-
pressive-like phenotype, disturbed intestinal flora, and
intestinal barrier function in chronic stress mice [93]. +e
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Figure 4: Regulatory effect of OE on BGP secretion in SD rats. (a)–(e) GAS, MTL, 5-HT, VIP, and CCK levels measured by ELISA kits.
N� 8, data were exhibited as mean± standard deviation. One-way ANOVA was adopted for comparisons among multiple groups, followed
by Tukey’s test. SD group compared with the control group, ∗∗∗p< 0.001; OE groups compared with the SD group, &p< 0.05, &&p< 0.01,
&&&p< 0.001; compared with the L-OE+ SD group, #p< 0.05, ##p< 0.01.
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aforementioned results supported the intervention effects of OE
on intestinal microorganisms in SD rats. Additionally, in all
experiments, OE exhibited similar intervention effects to diaz-
epam tablets (positive control), one of the widely prescribed
sedative drugs for the treatment of anxiety and sleep disorders
[94, 95].

In conclusion, we explored the effects of SD on physiological
and behavioral aspects in rats and assessed the changes in stress
and inflammatory responses in SD rats. Meanwhile, we con-
comitantly treated rats with OE during the SD process to in-
novatively highlight the intervention effects of OE on BGPs and
intestinal microorganisms in SD rats. Starting from intestinal
microorganisms, the study provided a new entry point for SD
treatment. However, this study only conducted the preliminary
exploration and lacked in-depth study. Additionally, the per-
centage of flavonoid compounds in the okra fruit extract and the
effects of OE on human health remain to be explored in-depth.
+erefore, future studies shall investigate the regulatory

mechanism of OE in affecting intestinal microorganisms and
BGPs at the molecular level. Moreover, from the perspective of
the brain-gut axis, more studies on the relationship between
intestinal microorganisms and BGPs are warranted and we shall
further estimate the association between intestinal microor-
ganisms and sleep. Furthermore, the flavonoid compounds
require to be isolated from okra fruit to investigate their reg-
ulatory effects on brain-gut peptides and intestinal microor-
ganisms in SD rats. Exploring the regulatory effects of OE on
human intestinal microorganisms and its effects on human
health (such as dose and side effects) is also important.

Data Availability

All data generated or analyzed during this study are included
in the article and can be obtained from the corresponding
author upon request.
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Figure 5: Intervention effects of OE on intestinal microorganisms in SD rats. (a)–(d) DNA relative contents of Bacteroidetes, Bifidobacteria,
Lactobacilli, and Clostridium perfringens detected by RT-qPCR. N� 8, data were expressed as mean± standard deviation. Comparisons
between groups were conducted using one-way ANOVA, followed by Tukey’s test. +e SD group compared with the control group,
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Barrón, R. M. Vigueras Villaseñor, D. Arrieta-Baez, and
R. Estrada-Reyes, “Antidepressant-like and toxicological ef-
fects of a standardized aqueous extract of Chrysactinia
mexicana A. gray (Asteraceae) in mice,” Journal of Ethno-
pharmacology, vol. 171, pp. 295–306, 2015.

[76] Z. H. Tian, F. T. Miao, X. Zhang, Q. H. Wang, N. Lei, and
L. C. Guo, “+erapeutic effect of okra extract on gestational
diabetes mellitus rats induced by streptozotocin,” Asian Pa-
cific Journal of Tropical Medicine, vol. 8, no. 12, pp. 1038–1042,
2015.

[77] A.MalekMahdavi, Z. Javadivala, and E. Ahmadian, “Effects of
okra (Abelmoschus esculentus L) on inflammatory mediators:
a systematic review of preclinical studies,” Food & Function,
vol. 13, no. 6, pp. 3159–3169, 2022.

[78] J. Deng, Z. He, X. Li et al., “Huangkui capsule attenuates
lipopolysaccharide-induced acute lung injury and macro-
phage activation by suppressing inflammation and oxidative
stress in mice,” Evidence-Based Complementary and Alter-
native Medicine, vol. 2021, Article ID 6626483, 11 pages, 2021.

[79] G. Ai, Q. Liu, W. Hua, Z. Huang, and D. Wang, “Hep-
atoprotective evaluation of the total flavonoids extracted from
flowers of Abelmoschus manihot (L.) Medic: in vitro and in
vivo studies,” Journal of Ethnopharmacology, vol. 146, no. 3,
pp. 794–802, 2013.

[80] Y. Zhang, D. Cong, P. Liu et al., “Study on the mechanism of
regulating the hypothalamic cortical hormone releasing
hormone/corticotropin releasing hormone type I receptor
pathway by vibro-annular abdominal massage under the
brain-intestine interaction in the treatment of insomnia,”
Medicine (Baltimore), vol. 100, no. 19, Article ID e25854, 2021.

[81] E. Szentirmai, “Central but not systemic administration of
ghrelin induces wakefulness in mice,” PLoS One, vol. 7, no. 7,
Article ID e41172, 2012.

[82] M. R. Davis, J. L. Magnusson, and K. J. Cummings, “Increased
central cholinergic drive contributes to the apneas of sero-
tonin-deficient rat pups during active sleep,” Journal of Ap-
plied Physiology (1985), vol. 126, no. 5, pp. 1175–1183, 2019.

[83] S. F. Schoch, J. L. Castro-Mejia, L. Krych et al., “From Alpha
Diversity to Zzz: interactions among sleep, the brain, and gut
microbiota in the first year of life,” Progress in Neurobiology,
vol. 209, Article ID 102208, 2022.

[84] X. Ran, D. Dou, H. Chen, and G. Ren, “+e correlations of
adverse effect and tonifying effect of ginseng medicines,”

12 Evidence-Based Complementary and Alternative Medicine



Journal of Ethnopharmacology, vol. 291, Article ID 115113,
2022.

[85] B. Qiao, X. Li, T. Zheng, and Z. Tan, “Different effects of lard
and vegetable blend oil on intestinal microorganisms, enzyme
activity and blood routine in mice,” Journal of Oleo Science,
vol. 71, no. 2, 2022.

[86] A. Lin, C. T. Shih, H. F. Chu et al., “Lactobacillus fermentum
PS150 promotes non-rapid eye movement sleep in the first
night effect of mice,” Scientific Reports, vol. 11, no. 1, Article
ID 16313, 2021.

[87] J. Xie, Y. Yuan, H. Tan et al., “+e combination of living
Bifidobacterium, Lactobacillus, and Streptococcus improves
social ranking and relieves anxiety-like behaviors in com-
petitive mice in a social dominance tube test,” Brain and
Behavior, vol. 12, no. 1, 2022.

[88] I. Park, S. Oh, H. Nam, P. Celi, and H. S. Lillehoj, “Anti-
microbial activity of sophorolipids against Eimeria maxima
and Clostridium perfringens, and their effect on growth
performance and gut health in necrotic enteritis,” Poultry
Science, vol. 101, no. 4, Article ID 101731, 2022.

[89] R. Nagpal, H. Tsuji, T. Takahashi et al., “Gut dysbiosis fol-
lowing C-section instigates higher colonisation of toxigenic
Clostridium perfringens in infants,” Beneficial Microbes, vol. 8,
no. 3, pp. 353–365, 2017.

[90] L. Li and S. Somerset, “Associations between flavonoid intakes
and gut microbiota in a group of adults with cystic fibrosis,”
Nutrients, vol. 10, no. 9, p. 1264, 2018.

[91] L. Y. Peng, H. T. Shi, Y. R. Tan et al., “Baicalin inhibits APEC-
induced lung injury by regulating gut microbiota and SCFA
production,” Food & Function, vol. 12, no. 24,
pp. 12621–12633, 2021.

[92] Y. Lin, Z. Y. Wang, M. J. Wang et al., “Baicalin attenuate diet-
induced metabolic syndrome by improving abnormal meta-
bolism and gut microbiota,” European Journal of Pharma-
cology, vol. 925, Article ID 174996, 2022.

[93] R. Wang, T. Chen, Q. Wang et al., “Total flavone of Abel-
moschus manihot ameliorates stress-induced microbial al-
terations drive intestinal barrier injury in DSS colitis,” Drug
Design, Development and �erapy, vol. 15, pp. 2999–3016,
2021.

[94] M. Y. Um, M. Yoon, J. Lee, J. Jung, and S. Cho, “A novel
potent sleep-promoting effect of turmeric: turmeric increases
non-rapid eye movement sleep in mice via histamine H1
receptor blockade,” Molecular Nutrition & Food Research,
vol. 65, no. 14, Article ID e2100100, 2021.

[95] S. Haider, A. Nawaz, Z. Batool, S. Tabassum, and T. Perveen,
“Alleviation of diazepam-induced conditioned place prefer-
ence and its withdrawal-associated neurobehavioral deficits
following pre-exposure to enriched environment in rats,”
Physiology and Behavior, vol. 208, Article ID 112564, 2019.

Evidence-Based Complementary and Alternative Medicine 13


