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In aerospace medicine, the influence of microgravity on cognition has always
been a risk factor threatening astronauts’ health. The traditional medicinal plant
and food material Gastrodia elata Blume has been used as a therapeutic drug for
neurological diseases for a long time due to its unique neuroprotective effect. To
study the effect of fresh Gastrodia elata Blume (FG) on cognitive impairment
caused by microgravity, hindlimb unloading (HU) was used to stimulate
weightlessness in mice. The fresh Gastrodia elata Blume (0.5 g/kg or 1.0 g/kg)
was intragastrically administered daily to mice exposed to HU and behavioral tests
were conducted after four weeks to detect the cognitive status of animals. The
behavioral tests results showed that fresh Gastrodia elata Blume therapy
significantly improved the performance of mice in the object location
recognition test, Step-Down test, and Morris Water Maze test, including short-
term and long-term spatial memory. According to the biochemical test results,
freshGastrodia elata Blume administration not only reduced serum factor levels of
oxidative stress but also maintained the balance of pro-inflammatory and anti-
inflammatory factors in the hippocampus, reversing the abnormal increase of
NLRP3 and NF-κB. The apoptosis-related proteins were downregulated which
may be related to the activation of the PI3K/AKT/mTOR pathway by fresh
Gastrodia elata Blume therapy, and the abnormal changes of synapse-related
protein and glutamate neurotransmitter were corrected. These results identify the
improvement effect of fresh Gastrodia elata Blume as a new application form of
Gastrodia elata Blume on cognitive impairment caused by simulated
weightlessness and advance our understanding of the mechanism of fresh
Gastrodia elata Blume on the neuroprotective effect.
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Introduction

Astronauts’ cognitive impairment caused by weightlessness has
always been an urgent problem to be solved. Evidence has proved
that after experiencing the microgravity and confined environments

of spaceflight, astronauts are at an increased risk of memory
impairment, disorientation, and other symptoms (Casler and
Cook, 1999). The pressure of long-term space flight would lead
to the cognitive overload of astronauts, causing damage to the
completion of the mission (Bock et al., 2010; Lv et al., 2021).

FIGURE 1
The schematic diagram of the experiment and the effect of FG on LORT and STD. (A) The experimental protocol of this study. (B) Body weight
change during the HU procedure. (C) Schematic diagram of OLRT. (D) The discrimination index in the familiarization session of LORT. (E) The
discrimination index in the test session of LORT. (F) The latency SDT. (G) The error times of SDT. Data were expressed as mean ± SEM (n = 10–12 per
group). *p < 0.05, **p < 0.01, and ***p < 0.001 versus the control group; #p < 0.05, ##p < 0.01, and ###p < 0.001 versus the HU group. Note: Hindlimb
unloading, HU; Object location recognition test, OLRT; Step Down test, SDT; Morris Water Maze Test, WMWT.
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Especially, evidence showed that the operational tasks in space
missions are more challenging for humans compared with
ground missions (Fowler et al., 2000). In space experiments of
animals, it was found that long-term spaceflight affects the
principal regulatory factors of brain neuroplasticity and
neurotrophic factors in rodents (Popova et al., 2020). Combined
with these conditions, maintaining the health of astronauts in long-
term space flight has become one of the main concerns of aerospace
medicine. This decline in learning and memory abilities caused by
specific circumstances is a functional impairment, with no clear
lesion location and specific targets and no effective prevention and
treatment methods. Although in 1990, NASA launched the
“Neurolab Mission” hoping to find measures to protect
astronauts from cognitive decline caused by aerospace stress, the
progress has been slow so far (Homick et al., 1998). Finding safe and
effective protective measures to improve and increase the response
and decision-making abilities of astronauts in special aerospace
environments remain a challenge facing the international
aerospace medical community. To better study the effects of
microgravity on the human body, hindlimb unloading caused by
tail suspension is used as a classic modeling method to simulate
weightlessness in the present pharmacological research, which has
been proven to take risk of learning and memory impairment in
rodents (Globus and Morey-Holton, 2016).

Traditional Chinese Medicine (TCM) places more emphasis on
the holistic concept of diseases, and the concept of “treating diseases
before they occur” in TCM ismore suitable for preventing functional
injury. Gastrodia elata Blume, both as a traditional medicinal plant
and food material, is often used to treat dizziness, headache, and
cognitive impairment caused by Alzheimer’s disease, ischemic brain
injury, etc. (Mao et al., 2017; Fasina et al., 2022). In vivo and vitro
experiments, Gastrodia elata Blume shows protective effects on
neuronal cells from oxidative stress, apoptosis, and inflammatory
responses, thus, improving cognitive dysfunction induced by various
brain injury models (Ng et al., 2016; Zhou et al., 2018; Lin et al.,
2021). In this research, water extract of Fresh Gastrodia elata Blume
(FG) was used, which is a new and original form that maintains its
original nutritional value compared with the processed form and is
commonly used in herbal cuisine (Huang et al., 2021). Moreover,
our previous research has proved that FG has great benefits for
improving cognitive impairment caused by circadian rhythm
disorder and chronic restraint stress in mice, both of which are
problems faced by astronauts during spaceflight (Huang et al., 2021;
Huang et al., 2022). The present study was designed to investigate
the effect of FG on cognitive impairment induced by a simulated
weightlessness model to explore the potential application value of
FG in aerospace medicine.

Materials and methods

Animals

Male ICR mice, weighing 23–25 g, were obtained from Charles
River Laboratories, Beijing, China, with Qualified No. SCXK 2012-
0001. All mice were housed, with a maximum of five mice per cage
and a 12:12 h light/dark cycle (lights on at 8:00 a.m.). The room
temperature and humidity condition were maintained at 23°C ± 2°C

and 55% ± 10%. Before experiments, mice were adapted to the
environment for 7 days, and all the behavioral experiments were
conducted during the light phase. The animals were divided into two
batches for testing different behavioral experiments, respectively,
with twelve animals in each group. The protocol described in the
present study was approved by the committee for the Care and Use
of Laboratory Animals of the Institute of Medicinal Plant
Development, Beijing, China, (NO. 20161028).

Drugs

The fresh Gastrodia elata Blume tuber used in this experiment
was purchased from its authentic origin—Jinkouhe, Sichuan
Province, China, and identified as the tuber of Gastrodia elata
Blume by Guanghua Lu, professor at Chengdu University of
Traditional Chinese Medicine, Chengdu, China. The
manufacturing process of the FG sample is consistent with
previous literature and the content of GAS and HBA in FG has
been determined with the HPLC chromatogram of the reference
material published (Huang et al., 2021; Huang et al., 2022). After
being crushed by the high-speed blender, we collected the filtrate
and washed the filter residue with purified water to ensure complete
extraction. The collected liquid was freeze-dried and refrigerated
at −20°C for later use. Donepezil hydrochloride (DNP [Aricept],
Eisai Inc. [Ibaraki, Japan]) was used as a positive control.

Treatment

Animals were randomly divided into five groups, namely, the
control group, model group, positive drug group (Donepezil,
1.6 mg/kg), FG low-dose group (0.5 g/kg), and high-dose group
(1.0 g/kg). The dose of Donepezil was determined by previous
literature (Yang et al., 2020), and the doses of FG were according
to our preliminary experiments and literature reports (Huang
et al., 2021; Huang et al., 2022). Oral administration was at a
volume of 20 mL/kg and started at the same time as the
modeling. Drugs were formulated into corresponding
concentration liquids with distilled water according to the
above-mentioned dosages. The control group and model
group were given corresponding volumes of distilled water.
Modeling and drug administration continued until the end of
behavioral testing (Figure 1A).

Hindlimb unloading procedures (HU)

A simulated weightlessness apparatus was developed to keep the
hindlimb of mice off the ground with the body at a 25°–30° angle for
a long time, allowing free access to water and food (Chinese patent
No. 201310228949.2). Briefly, mice were placed in a 26 cm × 26 cm ×
30 cm black plexiglass box with their tails bound by medical
adhesive tape and hung with a small hook in a stainless chain
mounted at the top of the cage. Mice were isolated from each other
and allowed free access to water and food. The animals remained
tail-suspended for 28-day modeling except for daily drug
administration.
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Behavioral tests

Object location recognition test, OLRT
The animals were allowed to explore the experimental test box

(45 L × 45 W × 30 H cm) once a day (10 min for each session) for a
3-day adaptation period before familiarization period and testing
period were operated. Two identical objects were put in a

symmetrical position on one side of the chamber, allowing
animals to explore for 5 min. After a 30-min intersession
interval, one of the familiar objects was moved to the
contralateral position. To avoid biasing the experimental results
due to the animal’s position preference, the familiar position and the
new position were in balance during the test period. The memory
ability of animals is evaluated by the discrimination index (DI). The

FIGURE 2
The effect of FG on Morris Water Maze test. (A) Schematic diagrams of MWMT. (B) The escape latency and the ratio of time spent in the target
quadrant during the positioning navigation training session. (C) The swimming distance and the ratio of distance spent in the target quadrant during the
positioning navigation training session. (D) The crossing times in the space exploration session. (E) The escape latency in the working memory
experiment. Data were expressed as mean ± SEM (n = 10–12 per group). *p < 0.05 and **p < 0.01 versus the control group; #p < 0.05 and ##p <
0.01 versus the HU group.
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calculation formula is DI = (TN)/(TN + TF) × 100%. TN (new) and TF

(familiar) means the exploration time of an object in the new
position and the exploration time of an object in the familiar
position objects, respectively.

Step-down Test
Step-Down Test is a memory evaluation method based on the

punishment principle. On the first day of the acquisition
experiment, the animals acclimated for 3 min in the chamber
(20 L × 12 W cm), and then the electric grid at the bottom of the
chamber gave a continuous current of 0.3 mA for 5 min. Animals
can escape the shock by jumping onto an insulated platform located
on one side of the chamber. A retention test was conducted after
24 h lasting 5 min. Animals were placed on the insulated platform,
and the power grid was immediately energized. The latency and total
error times of the animals jumping off the platform were recorded.

Morris water maze test
The experiment is divided into three stages: the positioning

navigation training session, the space exploration session, and the
working memory experiment. In the 5-day positioning navigation
training, the animals were put into the pool (120 D × 40 H cm) from
different quadrants twice a day and the fixed platform was hidden
1.5 cm below the water surface. The space exploration test was
carried out on the sixth day, in which the platform was removed. In
the working memory experiment, the platform was placed and
moved into adjacent quadrants sequentially and carried out for
3 days to test the working memory of animals.

Biochemical Analysis

Preparation of serum and brain samples
All mice were sacrificed the day after the last behavioral tests to

collect the biological samples. Blood was collected from the
ophthalmic veins and stood at 4°C overnight to obtain the serum.
Three mice were randomly selected and transcardially perfused for

Nissl staining. The hippocampi were dissected on ice and stored
at −80°C until analysis.

Determination of biochemical parameters
The levels of SOD, MDA, and GSSG in the serum were detected

using commercial kits from Beyotime (Shanghai, China) according
to the manufacturer’s protocols. The levels of TNF-α, IFN-γ, IL-4,
IL-6, IL-10, and Arg-1 of the hippocampal were determined by
commercial enzyme-linked immunosorbent assay (ELISA) kits from
Dakewe Biotech (Shenzhen, China) according to the manufacturer’s
protocols.

Western blotting analysis
The hippocampus was homogenized in protein lysis buffer

(Solarbio, China) and fully lysed for 30 min. After centrifuging
(12 000 g, 4°C, and 30 min), the supernatant was taken. The
protein concentration was detected by BCA protein assay kits
(CWBIO, China) and was prepared to 5 μg/μL protein solution
with the lysate solution and SDS PAGE loading buffer (×5) for use.
Proteins were separated by SDS PAGE, transferred onto PVDF
membrane (Merck Millipore, Germany), and then blocked with 5%
non-fat milk with Tris Buffered Saline Tween (TBST) for 1.5 h at
room temperature. The membranes were incubated with primary
antibodies: NLRP3 (1:1,000, Abcam, United Kingdom, #ab263899),
NF-κB p65 (1:1,000, Abcam, United Kingdom, #ab19870), BAX (1:
1,000, Abcam, United Kingdom, #ab32503), Cyt C (1:1,000, Abcam,
United Kingdom, #ab133504), Drp 1, (1:1,000, Abcam,
United Kingdom, #ab184247), PI3K (1:1,000, ABclonal, CN,
#A19742), AKT (1:1,000, Cell Signaling, United States, #4685);
mTOR (1:1,000, Abcam, United Kingdom, #ab32028), SYP (1:
1,000, Abcam, United Kingdom, #ab32127), TrkB (1:1,000,
Abcam, United Kingdom, #ab187041), and GAPDH (1:1,000,
ABclonal, CN, #A19056) at 4°C overnight followed by incubation
with HRP-conjugated secondary antibody for 1.5 h at room
temperature. The protein bands were visualized by the BeyoECL
Moon kit (Beyotime, China). The gray values of band density were
analyzed using the Image J software.

FIGURE 3
The effect of FG on oxidative stress in the serum. (A) The level of SOD. (B) The level of MDA. (C) The level of GSSG. Data were expressed as mean ±
SEM (n = 8–9 per group). **p < 0.01 and ***p < 0.001 versus the control group; #p < 0.05, ##p < 0.01, and ###p < 0.001 versus the HU group.
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Nissl’s staining
Three paraffin sections in each group were dewaxed in xylene

and rehydrated with graded ethanol (70, 95, and 100%), followed by
rehydration with distilled water. Staining was performed according
to the Nissl staining kit (Jiancheng Biology, China). The images were
obtained using a microscope slide scanner (Pannoramic 250, 3D
Histech Ltd., Hungary) and the quantification of integrated optical
density (IOD) of Nissl bodies in each group was analyzed with the
NIH Image J Pro software (Media Cybernetics, United States).

Neurotransmitter detection
The neurotransmitter analysis method was performed as

previously described but with minor modifications (Wang et al.,

2019). A measurement of 2 μL of the prepared sample was taken for
LC-MS/MS analysis. Glu and GABA in the hippocampus were
detected by prominence ultrafast liquid chromatography (UFLC)
(Shimadzu, Kyoto, Japan) coupled with a QTRAP 5500 mass
spectrometer (AB SCIEX, Framingham, MA, United States). The
metabolites were separated using the Restek Ultra Aqueous
C18 column (100 mm × 2.1 mm, 3 μm, Bellefonte, PA,
United States). Gradient elution was performed using 0.1%
formic acid and acetonitrile as flow at a rate of 0.4 mL per minute.

Statistical analysis
The experimental results were analyzed by the SPSS 21.0 software

and performed by the ImageJ and GraphPad Prism Software 5.0.

FIGURE 4
The effect of FG on inflammatory response in the hippocampus. (A–F) The levels of TNF-α, IL-6, INF-γ, Arg-1, IL-10, and IL-4 (n = 8–9). (G, H) The
protein expression of NLRP3 and NF-κB (n = 3). Data were expressed as mean ± SEM. *p < 0.05 and **p < 0.01 versus the control group; #p < .05, ##p <
0.01, and ###p < 0.001 versus the HU group.
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Differences among normally distributed values were analyzed by one-
way ANOVA, and LSD was used for the post-test. TheMann-Whitney
U test was performed to investigate whether the data unfollowed a
normal distribution. Data were expressed by mean ± SEM, and it was
considered to have a significant difference when p < 0.05.

Result

FG ameliorated the HS-induced weight loss
in mice

The animals were randomly divided into groups with similar weights
at the beginning of the experiment and the animals were weighed weekly
(Figure 1B). During the hindlimb suspension paradigm, themodel group
displayed a prominent weight loss (F (4,55) = 8.987, p < 0.001). Both the
low and high doses (0.5 g/kg and 1.0 g/kg) of FG groups showed
significant weight increase in the second week of HU modeling
compared with the model group, while DNP administration did not
showweight gain effect (F (4,55) = 4.113, p< 0.05, and p< 0.05 in FG low
and high dose group, respectively, p < 0.05 in DNP group).

FG improved the HU-induced position
discrimination impairment in the object
location recognition test

In the familiarization session, mice showed no preference for
any object, while in the test session, the model group showed a
significant decrease in the discrimination index compared with the
control group (Figures 1C–E) (F (4,50) = 5.615, p < 0.001),
indicating that the HU modeling-induced mice spent less time
exploring the object in the new position than in the old position.
DNP treatment increased the relative discrimination index with no
significance (p < 0.05). A high dose of FG treatment (1.0 g/kg)
showed significant improvement in ameliorating the impaired
memory ability (p < 0.01, p < 0.001).

FG improved the HU-induced memory
impairment in the step-down test

In the consolidation stage, compared with the control group, the
latency of the HU group was significantly shortened (p < 0.01). The
DNP group and the high dose (1.0 g/kg) of the FG group showed a
significant trend of prolonging the error latency (p < 0.05, p < 0.05).
In addition, compared with the control group, the times of errors in
the model group tended to increase, and the number of errors in the
administration group was less than that in the model group (Figures
1F, G).

FG improved the HU-induced spatial and
working learning memory impairment in the
Morris Water Maze test

In the positioning navigation training, the HU group had a
longer latency and swimming distance for seeking the platform, and

there was a significant difference on the fifth day compared with the
control group (F (4,54) = 2.332, p < 0.01; F(4,54) = 3.118, p < 0.05).
On the last day of training, both low and high doses (0.5 g/kg and
1.0 g/kg) of FG treatment shortened escape latency (p < 0.05 and p <
0.05) and swimming distance (p < 0.05 and p < 0.05). The DNP
group also showed a reverse effect but only significantly shortened
swimming distance (p < 0.05). In addition, the ratio of time and
swim distance spent in the target quadrant (where the platform is
located) in the HU group was significantly lower than that in the
control group (F (4,54) = 1.397, p < 0.05, and F (4,54) = 1.770 of the
ratio of time and distance, respectively, on the third day; F (4,53) =
1.385 of the ratio of the distance on the fourth day). This impairment
was ameliorated by DNP and FG treatment, and on the third day,
both low and high doses (0.5 g/kg and 1.0 g/kg) of FG groups
showed a significant improvement effect (p < 0.05, p < 0.05). In
the stage of the space exploration experiment, the number of
crossing times in the model group was significantly lower than
that in the control group (F (4,54) = 1.428, p < 0.05). The crossing
times in the DNP group and the low and high-dose FG groups
showed a higher trend than that in the HU group. During the
working memory experiment, the escape latency of the HU group
was significantly longer than that in the control group (F (4,52) =
2.117, p < 0.05 on the first day; F (4,52) = 1.576, p < 0.05 on the
second day; and F (4,53) = 2.278 on the last day). The latency of the
DNP group decreased significantly on the first day (p < 0.05) and the
latency of the FG low dose 0.5 g/kg) group decreased significantly on
both the first and last days (p < 0.05, p < 0.05). The others showed a
shorter escape latency with no significance (Figure 2).

FG alleviated oxidative stress in the serum
induced by HU

In the serum (Figure 3), the production of SOD decreased (F
(4,37) = 11.432, p < 0.001) andMDA andGSSG increased (F (4,36) =
3.665, p < 0.01 in MDA; F(4,35) = 7.312, p < 0.001 in GSSG) in HU
group. The administration of low-dose FG could significantly
reverse the abnormal changes (p < 0.05 in SOD, p < 0.01 in
MDA, and p < 0.001 in GSSG). DNP and the high dose FG
could also ameliorate the oxidative stress with significance (p <
0.05 in SOD and p < 0.01 in SOD of the DNP group and p < 0.05 in
the MDA of the high dose FG group).

FG reduced inflammatory response in the
hippocampus and reversed the upregulation
of NF-κB/NLRP3 pathways induced by HU

The expressions of three pro-inflammatory factors including
TNF-α, IL-6, and IFN-γ were significantly increased in the HU
group compared with the control group (F (4,36) = 3.184, p <
0.01; F(4,36) = 10.288, p < 0.001; F (4,37) = 4.825, p < 0.01). The
DNP administration significantly reversed the increase of IL-6
and IFN-γ (p < 0.05; p < 0.01). FG high-dose group showed a
significant decrease of TNF-α, IL-6, and IFN-γ (p < 0.01; p <
0.001; p < 0.01), while the low-dose FG group could decrease
them as well but only showed a significant difference in the level
of IFN-γ (p < 0.01) (Figures 4A-C).
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To better explore the effect of FG on the inflammatory response,
we measured the levels of anti-inflammatory factors in the
hippocampus (Figures 4D-F). The results showed that the levels
of Arg-1, IL-10, and IL-4 of the model group were significantly
reduced compared with the control group (F (4,37) = 3.707, p < 0.01;
F(4,37) = 2.250, p < 0.05; F (4,35) = 3.898, p < 0.01). The
administration of DNP significantly increased the levels of IL-10
and IL-4 in the hippocampus (p < 0.05; p < 0.01), and both low and
high doses of FG administration could significantly increase the
levels of Arg-1, IL-10, and IL-4 in the hippocampus of mice (p <
0.01, p < 0.05, and p < 0.05 of FG at low dose; p < 0.01, p < 0.05, and
p < 0.05 of FG at high dose).

Moreover, to determine the causes of inflammation, the protein
expressions of NLRP3 and NF-κB in the hippocampus were
measured (Figures 4G-H). The levels of NF-κB and NLRP3 in
the hippocampus increased significantly after HU (p < 0.05 and

p < 0.01) and both could be decreased by DNP (p < 0.05 in NF-κB)
and FG administration (p < 0.05 in NLRP3 and p < 0.01 in NF-κB).

FG prevents apoptosis in the hippocampus
induced by HU and upregulates the PI3K/
AKT signaling pathway

In the HU group, the levels of BAX, Cyt C, and Drp1 in the
hippocampus were significantly increased (Figures 5A–C; p < 0.001,
p < 0.01, and p < 0.05), while treatment with DNP decreased the level
of BAX (p < 0.001) and FG (0.5 g/kg and 1.0 g/kg) substantially
decressed these apoptosis-related proteins (p < 0.001, p < 0.001, and
p < 0.05). Figures 5D–F showed the reduced levels of AKT, PI3K,
and mTOR in the HU group (p < 0.05, p < 0.05, and p < 0.001), and
this reduction could be reversed to varying degrees by the

FIGURE 5
The effect of FG on the anti-apoptotic in the hippocampus. (A–F) The protein expression of BAX, Cyt C, Drp1 AKT, PI3K, andmTOR (n = 3). Data were
expressed as mean ± SEM. *p < 0.05, **p < 0.01, and ***p < 0.001 versus the control group; #p < 0.05, ##p < 0.01, and ###p < 0.001 versus the HU group.
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administration of DNP (p < 0.001 in mTOR), FG low dose (p <
0.05 in AKT; p < 0.001 in mTOR), and FG high dose (p < 0.05 in
PI3K, p < 0.05 in AKT, and p < 0.001 in mTOR).

FG improved the hippocampus neuron loss
induced by HU

Since the activation of inflammatory and apoptosis-related
factors affects the survival of neurons, neuronal damage was next
observed by Nissl’s staining. Figure 6 showed that in the CA1,
CA3, and DG subregions of the hippocampus, the Nissl bodies in
the control group were clearly stained, and the neurons were
abundant and orderly arranged. However, the HS group showed
obvious cell loss and loose cell arrangement (p < 0.01, p < 0.05,
and p < 0.001 in CA1, CA3, and DG, respectively). While the
administration of FG (both low and high doses) could alleviate
the neuron loss that occurred in the HU group (p < 0.05 and p <
0.05 of FG at a high dose in CA1 and DG; p < 0.05 of FG at low
dose in CA3).

FG improved synaptic plasticity and
maintained the imbalance of GABA/Glu in
the hippocampal induced by HU

Figure 7 showed that the expression of SYP and TrkB in the HU
group was significantly reduced (p < 0.01 and p < 0.001), while the
DNP and FG (both low and high dose) administration could
significantly reverse these reductions (p < 0.01 and p < 0.001).
The level of Glu in the HU group was significantly increased
(F(4,35) = 6.603, p < 0.01) and affected the balance of GABA/
GLU (F(4,35) = 9.749, p < 0.001). After administration of DNP and
FG (both low and high doses), the abnormal increase of Glu and the
GABA/Glu ratio was reversed (p < 0.001 and p < 0.05).

Discussion

In the present study, we identified the cognitive improvement effect
of the fresh Gastrodia elata Blume (FG), which alleviated hindlimb
unloading (HU) and induced spatial and working cognitive

FIGURE 6
The effect of GRe on the morphological damage to neurons in mice with HU-induced memory impairment. (A)The representative Nissl staining
photomicrographs of hippocampal CA1, CA3, and DG regions. (B–D) The histograms represent the relative IOD values of the Nissl bodies of hippocampal
CA1, CA3, and DG regions (n = 3). Data were expressed as mean ± SEM. *p < 0.05, **p < 0.01, and ***p < 0.001 versus the control group; #p < 0.05 versus
the HU group.
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dysfunction in mice. Specifically, FG improved the performance of
mice in the object location recognition test (OLRT), Step-Down test
(SDT), and Morris Water Maze test (MWMT). In biochemical
experiments, we found that being given FG, the oxidative stress in
the serum and neuroinflammatory response in the hippocampus
induced by HU were suppressed. Meanwhile, the hippocampal
apoptosis-related proteins decreased with the administration of FG,
whichmay bemediated by the upregulation of the PI3K/AKT signaling
pathway. In addition, it is also found that FG played a role in improving
synaptic plasticity and neurotransmitter transmission.

Gastrodia elata Blume belongs to the genus Gastrodia in the
orchid family. In modern pharmacological research, it is known as a
popular traditional medicine for the treatment of neurological diseases
including headache, dizziness, Alzheimer’s disease and Parkinson’s
disease, and so on, and for its distinguished neuroprotective effect (Lu
et al., 2022). The application of fresh Gastrodia elata was first seen in
the Shennong Herbal Classic, which is also a common edible or
medicinal form for the public (Huang et al., 2022); whereas, the
main research form of Gastrodia elata Blume is generally processed
products, and the application of fresh Gastrodia elata Blume (FG) is
less. In this research, FG is obtained from the expressed juice of fresh
Gastrodia elata Blume and is filtered, freeze-dried, and stored as
powder until used. Our previous studies have proved the
remarkable effect of FG in improving cognitive impairment caused
by chronic stress, including circadian rhythm disorder and restraint

(Huang et al., 2021; Huang et al., 2022). Together with weightlessness,
all these are characteristic of the extreme environments that astronauts
are faced with during spaceflight. Therefore, it is of great meaning to
study the protective effect of FG on cognitive impairment caused by
stimulated weightlessness, which not only provides scientific evidence
for FG to ameliorate cognitive dysfunction in special space
environment but also enriches the application of Gastrodia elata
Blum as a health product.

HU is a classic animal model simulating microgravity on Earth to
study aerospace medicine. The present work shows that after 28 days of
HU modeling, the short-term and long-term memory of animals is
weakened. OLRT has been used extensively to detect short-term spatial
memory (Arbogast et al., 2019). The perception ability of mice to the
new place of the object declined, as evidenced by decreased
discrimination index. In SDT, animals would actively escape to the
insulated platform to avoid injuries after learning that electrical
stimulation continuously exists on the ground (Hiramatsu et al.,
1995). As evidenced by the decline in escape latency and error
times, the HU group showed a weakened short-term spatial
memory in passive conditions. In MWMT, a classic spatial learning
and memory testing method, animals can only rely on spatial reference
to find the location of the platform which is hidden in a fixed position
under the water surface (Morris, 1984). In the positioning navigation
training, mice in the HU group escaping from the aversive water
displayed increased escape latency, swimming distance, and the ratio of

FIGURE 7
The effect of FG on the anti-apoptotic effect and maintaining the stability of neurotransmitters in the hippocampus. (A) The protein expression of
SYP and (B)TrkB (n = 3). (C) The levels of Glu and (D)GABA. (E) The ratio of Glu/GABA (n = 8–9). Data were expressed asmean ± SEM. **p < 0.01 and ***p <
0.001 versus the control group; #p < 0.05, ##p < 0.01, and ###p < 0.001 versus the HU group.
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both time and distance spent in the target quadrant, indicating that an
impairment occurred to themice in their learning andmemory abilities.
At the stage of the space exploration experiment, the platform originally
fixed in the target quadrant was removed, and the trained animals were
expected to pass through the positions where the platform originally
existed. Similarly, the cognitive impairment in the HU group was
verified by the reduction of crossing times. In the working memory
experiment, the platform originally fixed in the first quadrant was
moved into the adjacent quadrant to detect the working memory of
mice, and the prolonged escape latency showed that the working ability
ofmice was damaged byHUmodeling. The above results suggested that
HU could cause cognitive impairment in mice, which were consistent
with the results reported in previous studies (Sun et al., 2009; Zhang
et al., 2018; Li et al., 2021). The behavior deficits were corrected by the
administration of FG (both 0.5 g/kg and 1.0 kg/kg), which indicated
FG’s beneficial effects on HU-induced cognitive impairment of mice.

Oxidative stress injury occurs when people suffered from
exogenous acute or chronic stress, leading to cell dysfunction and
apoptosis (Rohleder, 2019; Forman and Zhang, 2021; Xue et al., 2022).
The level of oxidative stress-related markers in the serum is found to be
altered in the serum of patients with memory impairment (Du et al.,
2019; Torres et al., 2021). Studies have proved that the indicators related
to oxidative stress were changed in the serum of astronauts including
the peroxide oxidation of lipids (POL), oxidized low-density lipoprotein
(ox-LDL), and so on (Markin et al., 1997; Lee et al., 2020). In rodent
experiments in space and on earth, antioxidant defense genes such as
Ehd2 and oxidative stress-related biomarkers such as superoxide
dismutase (SOD) and malondialdehyde (MDA) changed
significantly (Mao et al., 2014; Moustafa, 2021). SOD is the most
important enzyme that protects against the damage of reactive
oxygen species or free radicals in organisms (Ma et al., 2021). MDA
is one of the main products of cell membrane oxidation, which is used
as a biomarker of peroxidation (An et al., 2022). The present study
found that the HU procedure could reduce the level of antioxidant
substances SOD while increasing the level of oxidant substances
including MDA and glutathione disulfide (GSSG) in mice serum.
GSSG, the oxidized form of glutathione, is a tripeptide thiol
antioxidant and plays an important role in cell oxidation and signal
transduction (Rahman et al., 2006). The results are consistent with the
previous research results, suggesting the reliability of HU modeling,
while FG administration reversed these oxidative stress products and
thus played an antioxidant role.

Neuroinflammation is closely associated with cognitive
impairment in many pathological conditions. Studies have shown
that stimulated weightlessness caused neuroinflammation in the
brain and led to spatial memory disorder in mice (Qiong et al.,
2016). When the body gets injured, microglia rapidly proliferate and
activate, releasing a variety of pro-inflammatory factors including
TNF- α, IL-6, and INF- γ, etc. (Muhammad et al., 2019), while anti-
inflammatory factors such as Arg-1, IL-10, and IL-4 can antagonize
inflammatory reactions and inhibit astrocyte activation (Zhang and
Wei, 2020; Descalzi, 2021). Astrocytes can release nuclear factor-κB
(NF-κB) triggered by inflammatory mediators, which is known as an
important transcription factor in inflammation, releasing various
pro-inflammatory factors and leading to neuroinflammation in its
over-activation situation (Dresselhaus and Meffert, 2019; Gao et al.,
2021; Peng et al., 2021). According to our result, FG therapy had the
function of maintaining the balance of pro-inflammation and anti-

inflammation in the hippocampus by regulating the abnormal
changes of the above oxidative stress-related factors. In addition,
the expressions of NF-κB and NOD-like receptor protein 3
(NLRP3), both of which are essential drivers of inflammation,
were inhibited by FG administration. NLRP3 inflammasome
belongs to the NLR family and is the representative component
of the innate immune system, which can be activated by NF-κB.
Being over-activated, NLRP3 can release inflammatory factors and
mediate downstream inflammatory reactions (Jiang et al., 2022).
Many studies have shown that the activation of NLRP3 has a close
association with cognitive dysfunction that can be attenuated by
inhibiting NLRP3 (Ye et al., 2018; Garaschuk, 2021). Inhibiting the
NLRP3/NF-κB pathway plays an important role in blocking the
occurrence of neuroinflammation caused by stress injury. Therefore,
we suggest that FGmay play an anti-inflammatory role by inhibiting
the activation of NLRP3/NF-κB pathway, thereby reducing HU-
induced cognitive impairment.

A notable increase in the level of apoptosis-related proteins in
the hippocampus was caused by the hindlimb unloading procedure
in the present study. Previous research has proved that apoptosis in
the brain occurs after long-term simulated weightlessness and is
accompanied by mitochondrial metabolic abnormalities (Nguyen
et al., 2021). During cellular stress, the pro-apoptotic protein Bax
transfers from the cytoplasm to the membrane of the mitochondria
through translocation, thus improving the permeability of the outer
membrane of the mitochondria (Spitz et al., 2021). As induced by
Bax, Cytochrome C (Cyt C) gets released into the cytoplasm,
activating the apoptosis-related cascade reaction and finally
leading to programmed cell death (Kulikov et al., 2012).
Mitochondria are the main place for providing energy for cells.
The abnormal elevation of dynamin-related protein 1 (Drp1), which
is an important protein to maintain the balance of mitochondrial
fusion and division, was found in neurological diseases, leading to
neuronal injury (Feng et al., 2020). Besides, it was found that
preventing mitochondrial dysfunction by inhibiting Drp1 could
protect neurons from damage caused by oxidative stress (Oliver
and Reddy, 2019). This study found that FG can downregulate the
levels of Cyt C, Bax, and Drp1 in the hippocampus increased by HU
modeling, thus, inhibiting the apoptosis of nerve cells. Moreover, the
results showed that HU caused an increase in the levels of
phosphatidylinositol3-kinase (PI3K), protein kinase B (AKT), and
mammalian target of rapamycin (mTOR) in the hippocampus, and
according to the Nissl staining’s results, FG therapy improved the
arrangement and loss of neurons. PI3K/AKT as a classic signaling
pathway plays an essential role in affecting various biological
activities including the regulation of cell survival, metabolism and
apoptosis, and so on due to its downstream protein participating in
the transcription of a large number of genes and protein expression
(Ediriweera et al., 2019). When the body receives external
stimulation, PI3K phosphorylation is activated and acts on
downstream targets, of which AKT is the prominent downstream
effector. The activation of this PI3K/AKT pathway brings the
increase of apoptosis-related proteins such as Bcl-2, Bax, etc.,
thus, causing programmed cell death (Wang et al., 2020). Its
downstream signal molecule mTOR is considered an important
protein in regulating the survival, differentiation, and maturation of
neurons, and the upregulation of mTOR is proven to be beneficial to
AD pathologies (Van Skike et al., 2020; Shi et al., 2022). In addition,
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cell apoptosis can be induced via inhibiting the PI3K/Akt/mTOR
pathway (Yang et al., 2018; Chang X. et al., 2021). Taken together,
our results demonstrated that the cognitive improvement effect of
FGmay be achieved through the activation of the PI3K/AKT/mTOR
pathway, thus, inhibiting the release of apoptotic proteins and
ultimately protecting nerve cells.

An increasing number of studies have proved the connection
between synaptic plasticity and cognition (Raven et al., 2018;
Santello et al., 2019). Long-term space microgravity environment
can affect the main mediators related to brain plasticities such as 5-
HT and BDNF (Popova et al., 2020). Synaptophysin (SYP) as a major
membrane protein regulates the endocytosis of synaptic vesicles and has
an obvious influence on the change of synaptic transmission efficiency
(Chang C.-W. et al., 2021). Research has found that SYP decreased and
pro-inflammatory factors increased in mice with Alzheimer’s disease,
and increasing the expression of SYP can ameliorate the impairment of
the synaptic transmission effect in cognitive impairment (Liu et al.,
2020; Jiang et al., 2021). Tyrosine Kinase receptor B (TrkB) is located in
the postsynaptic membrane and is a functional receptor of brain-
derived neurotrophic factor (BDNF) (Chen et al., 2021). BDNF
needs to be combined with TrkB to activate the intracellular signal
transduction pathway, thus, producing corresponding molecules to
protect neurons and promote regeneration (Mitre et al., 2022). The
present results showed that FG therapy significantly increased the
expression of SYP and TrkB. In addition, the abnormal increase of
Glu in the hippocampus was suppressed by FG, thus, maintaining the
balance of glutamate/GABA. Glutamate and GABA are the main
excitatory and inhibitory neurotransmitters, respectively, in the
brain, and maintaining their balance assists in the smooth operation
of the nervous system (Sood et al., 2021). Previous studies have proved
that the abnormal increase of glutamate and the imbalance of
glutamate/GABA occurred in the hippocampus of chronic simulated
microgravity rats, and this procedure was mediated by presynaptic
proteins, which is consistent with our results (Wang et al., 2015).
Therefore, we suggest that FG has beneficial effects on improving
synaptic plasticity and alleviating the excitatory toxicity of glutamate.

Conclusion

The present study provides evidence for the first time that FG
can effectively improve HU-induced cognitive impairment in mice.
The cognitive-enhancing effect of FG may be related to the
inhibition of NF-κB and NLRP3 to reduce neuroinflammation
and the improvement of the PI3K/Akt/mTOR pathway to
alleviate neuronal apoptosis. The above results indicate that FG,
as a health food, has great therapeutic potential in protecting against
cognitive impairment caused by special space environments.
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