American Journal of Laboratory Medicine CYR PR e
2017; 2(1): 1-6 otlencer
http://www.sciencepublishinggroup.com/j/ajlm T

doi: 10.11648/j.2jlm.20170201.11 Science Publishing Group

Effects of Long-Term Simulated Microgravity on Oxidant and
Antioxidant Values in the Plasma and Lung Tissues of
Rhesus Macaque

Yang Chen', Ping Wangl’ *, Chongyu Xu', Yiling Cai’, Huasong Ma®

'Department of Respiratory Medicine, 306th Hospital of PLA, Beijing, China
*Department of Neurology, 306th Hospital of PLA, Beijing, China
*Department of Orthopedic, 306th Hospital of PLA, Beijing, China

Email address:

pingwang306@126.com (Ping Wang)

*Corresponding author

To cite this article:

Yang Chen, Ping Wang, Chongyu Xu, Yiling Cai, Huasong Ma. Effects of Long-Term Simulated Microgravity on Oxidant and Antioxidant Values

in the Plasma and Lung Tissues of Rhesus Macaque. American Journal of Laboratory Medicine. Vol. 2, No. 1, 2017, pp. 1-6.
doi: 10.11648/j.ajlm.20170201.11

Received: August 14, 2016; Accepted: November 14, 2016; Published: January 18, 2017

Abstract: This study evaluated the influence of long-term simulated microgravity on oxidative stress and total antioxidant
capacity in the plasma and lung tissues of rhesus macaque (-10°C head-down tilting). Fifteen healthy male rhesus macaques were
randomly divided into groups 1 (control, n=5), groups 2 (head-down tilting for 6 weeks, n=5) and groups 3 (head-down tilting for 6
weeks and recover from 4 weeks, n=5). Oxidative stress was evaluated by critical SOD, GSH, H,0, in plasma and SOD, GSH in
lung tissues. HE staining was used to observe the histopathological structure changes of pulmonary tissues. CAT, SOD1, SOD2,
SOD3, GPX1, GPX4, GPX7, PRDX1, HMOX1, ALOXS5 and DUOX1 mRNA were measured by real-time PCR. GSH concentration
was significantly decreased, whereas H,0, level was significantly increased in group 2 compared with group 1 and group 3.
Compared to group 1, histopathological examination revealed alveolar septal thickening, and alveolar and interstitial lymphocytic
infiltration in group 2 and group 3 and the pathological changes in group 3 were smaller than those in group 2. Group 2 and group 3
showed significant up-regulation of SOD3 gene compared with group 1 by real-time PCR. In a long-term simulated microgravity
environment, systemic antioxidant level of GSH was reduced but an oxidative stress marker of HO, was increased. Meanwhile,
long-term simulated microgravity caused lung injury and induced the mRNA of SOD3 expression in lung tissues. But oxidant stress
is not a major factor involved in the development of lung damage under simulated microgravity. Further study still clarifies the
mechanism about the lung injury under microgravity.
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Antioxidant or oxidant balance perturbation is a common
feature in environmental pressure. When the level of oxidation
exceeds antioxidant defense, oxidative stress occurs and it can
cause irreversible cellular damage [10]. In this study, we
evaluated the effects of long-term stimulated microgravity on
the lung tissue morphology, the related genes’ expression of
oxidative stress in lung tissues and oxidative stress parameters
in plasma as well as lung tissues by suspending rhesus macaque
in the antiorthostatic position (-10°C head-down tilting, a model
of simulated microgravity [11, 12]) in order to look for oxidative
stress parameters in plasma and to discover the possible
mechanisms between oxidative stress and microgravity in lung
tissues.

1. Introduction

Microgravity is an environmental factor, which inevitably
influences the physiological function of the astronauts if they
stay in space for a long time [1, 2, 3]. Exposure to microgravity
results in severe abnormalities in various organ systems such as
a loss of bone mass, cardiovascular fitness and changes in lung
functions [4, 5, 6, 7]. In particular, the lung is such a vulnerable
organ that has great influences on spaceflight [8, 9]. Earlier
studies have shown that microgravity affects lung function and
causes certain damages to pulmonary tissue [4, 8, 9]. Despite of
research on microgravity-induced lung injury, the mechanism
for lung injury remains to be identified [8, 9].
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2. Materials and Methods
2.1. Ethics Statement

The work described in this study was carried out in China
Agricultural Universtiy via a service contract. All animals
were placed in the laboratory which was located at China
Agricultural University of China Astronaut Training Center.
The housing and animal care procedures were in compliance
with the Chinese guidelines for animal experiments and the
Guide for the Care and Use of Laboratory Animals of
Association. The care and experimental use of rhesus
macaques was approved by the Scientific Research Training
Center for Chinese Astronauts (ACC-IACUC-2014-001).

Rhesus macaques were individually placed in stainless
steel mesh cages (100 cmx100 cmx100 cm dimension) in an
air-conditioned building with a temperature between 20 and
24°C and a 12 hours artificial light cycle. They were fed with
a standard primate diet and had free access to water. Animal
health was monitored daily by the animal care and veterinary
personnel. Furthermore, additional tools including rings, safe
rubber toys and mirrors were also provided.

At the end of this experiment, monkeys that served as
donors of blood or lung tissues were sacrificed for the
purpose of this study. Monkeys were anesthetized prior to
handling (such as for physical examinations and blood
collections) and were euthanized first by anesthesia with
ketamine (i.m 10 mg/kg) and then were killed by bloodletting.
Lung tissues were collected for the following experiments.

2.2. Animal Models and Groups

Fifteen healthy male rhesus macaques, aged from 4 to 8
years old, weighing from 4 to 8 kg, were supplied by Beijing
Institute of Xieerxin Bology Resource (Beijing, China). They
were randomly divided into three groups: group | (control,
n=5), group 2 (head-down tilting for 6 weeks, n=5) and group
3 (recovery for 4 weeks after 6 weeks of head-down tilting,
n=5). Head-down tilting (-10°) was applied to simulate the
microgravity condition. The animal model of head-down
tilting is generally accepted in world [11, 12, 13, 14]. Briefly
speaking, macaques in group 2 were suspended in a cage and
the hind legs hanging on each side by special devices for 6
weeks. The degree between the body ordinate axis and the
horizontal plane was 10°. Macaques in group 1 were put in
the same cage, however, they could move freely without
head-down tilting for 6 weeks. Macaques in group 3 were
head-down tilting for 6 weeks and allowed to move freely in
the same cage for 4 weeks.

2.3. Collection of Blood Sample and Tissue

Peripheral blood samples for various analyses were
collected before the animals were anesthetized. Plasma was
extracted from blood by centrifugation (3.500 rpm for 10 min)
and stored at -80°C. Lung tissues were quickly removed and
stored in liquid nitrogen until the isolation of total RNA was
accomplished. Some were immediately fixed in 10%
neutralized formalin solution for histological studies.

2.4. Histological Studies

Some pulmonary samples, intended for histological
examination by light microscopy, were immediately fixed in 10%
of formalin and processed in a series of graded ethanol solutions.
They were then embedded in paraffin, serially sectioned at 4 pm.
The sections were stained with hematoxylin-eosin.

2.5. Hydrogen Peroxide (H,0,) Measurement Assay

H,0, is one of the most well documented reactive oxygen
species (ROS) produced under oxidative stress conditions [15].
H,0, production in plasma was measured as quantitative index
of ROS generation by OxiSelectTM Hydrogen Peroxide Assay
Kit (Cell Biolabs, USA) according to manufacturer’s instruction.
The samples were performed on monitoring at the absorbance at
570 nm by the Bio-Rad Model 680 microplate reader. The
amount of H,O, in plasma was calculated using a standard curve
prepared with known concentrations of H,O,.

2.6. Superoxide Dismutase (SOD) Measurement Assay

SOD is one of the most important antioxidative enzymes [16].
SOD in plasma and lung tissues homogenates was measured by
OxiSelectTM Superoxide Dismutase Activity Assay Kit (Cell
Biolabs, USA) in accordance with manufacturer’s instruction.
To prepare homogenates, the lung tissues were homogenized
with a homogenizer in cold lysis solution (100 mg/lmL,
tissue/buffer, w/v). After centrifugation, the supernatant was
separated and used for assay of SOD activities. The samples
were performed on monitoring at the absorbance at 490 nm by
the Bio-Rad Model 680 micro-plate reader. The concentration
of SOD was calculated using a standard curve prepared with
known concentrations of SOD.

2.7. Glutathione (GSH) Measurement Assay

GSH helps protect cells from free radical damage by acting as
an antioxidant [17]. GSH in plasma and lung tissues
homogenates were measured by OxiSelectTM Total
Glutathione Assay Kit (Cell Biolabs, USA) on the basis of
manufacturer’s instruction. To prepare homogenates, perfusion
of the lung tissue with a PBS/heparin was performed to prevent
coagulation. The blot of the tissue was dried and weighed. The
ice-cold 5% Metaphosphoric Acid (I mL/100 mg tissue) was
added and a homogenizer was utilized to homogenize. The
homogenate was centrifuged at 12,000 rpm for 15 min at 4°C.
Then the supernatant was collected. The sample were performed
on monitoring at the absorbance at 490 nm by the Bio-Rad
Model 405 microplate reader. The concentration of GSH was
calculated using a standard curve prepared with known
concentrations of GSH.

2.8. Quantitative Real-Time Reverse Transcript-Polymerase
Chain Reaction

Total RNA was isolated from lung tissues using Trizol
Reagent (Invitrogen Life Technologies, USA) depending on the
manufacturer’s protocol. Total RNA was quantified using the
ND-1000 spectrophotometer (Nanodrop, Wilmington, DE,
USA). The RNA integrity and absence of genomic DNA
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contamination were evaluated by agarosegel electrophoresis.

Complementary DNA was synthesized from 2 ug total RNA
using a Revert Aid First Strand cDNA Synthesis Kit (Thermo
Scientific, USA) following the manufacturer’s instructions.
Quantitative real-time reverse transcript-polymerase chain
reaction (qQRT-PCR) was performed using the SYBR Prime
Script RT-PCR kit (Takara, Japan) in an Applied Biosystems
7500 Fluorescent Quantitative PCR System (Applied
Bio-systems, USA). Total RNA was tested for the expression of
11 genes: catalase (CAT), copper/zinc superoxide dismutase
(Cu/Zn SOD, cytosolic-SOD1, SOD1), manganese superoxide
dismutase (MnSOD, mitochondrial-SOD?2, SOD2),
extracellular superoxide dismutase (EcSOD, SOD3), cytosolic
glutathione peroxidase (GPX1), phospholipid hydroperoxide
glutathione peroxidase (GPX4), non-selenocysteine-containing
phospholipid hydroperoxide glutathione peroxidase (NPGPx or
GPX7), peroxiredoxin 1 (PRDX1), heme oxygenase 1
(HMOX1), arachidonate 5-lipoxygenase (ALOXS), dual
oxidase 1 (DUOXI1) and internal standard control gene
(GAPDH).

qRT-PCR reactions were performed in triplicate. The relative
expression levels of mRNAs between samples were calculated
by the comparative delta CT (threshold cycle number) method
(2-AACT) implemented in the 7500 Real-Time PCR System
software. The relative quantification of target gene expression
was evaluated by the comparative CT (ACT) method. The value
was determined by subtracting the GAPDH CT value for each
sample from the target CT value of that sample. The
representation of 2 -AACT was fold changes in the relative gene
expression than of target. Gene-specific primers usage was
presented in Table 1.

Table 1. Primer sequence and product size used for gRT-PCR.

Genes Primer sequence Product size (bp)

CAT AGTGATCGGGGGATTCCAGA 159
AAGTCTCGCCGCATCTTCAA

SOD1 CGCTCTCAGGAGACCATTCC 144
GGGCGATCCCAATTACACCA

SOD2 TCTGTTGGTGTCCAAGGCTC 146
TGCTCCCACACATCAATCCC

SOD3 GACATGCACGCCAAGATCAC 143
AAGAGGACGACTCCGGTCA

GPX1 TTCGAGCCCAACTTCATGCT 184
TCTCGAAGTTCCAGGCAACA

GPX4 GTGAGGCAAGACCGAAGTGA 199
GTCCCCGTTCACGCATATCT

GPX7 TTCAACGTACTCGCCTTCCC 182
AGAAACCACGACTTACGGGC

PRDX1 TGCCCTACGGAGATCATTGC 176
CGCTTCGGGTCTGATACCAA

HMOX1 ACTTCAGAGTGGGCCAAAGG 143
ATGGCCGTGTCAACAAGGAT

ALOXS GACGTCTACGTGTACGGCAT 172
GAGCATTGGGGATCCAGGAG

DUOX1 TCCCTGCTCCAGTAGTCTCC 175
GGCCAGCTCCTTTACTCAGG

GAPDH GAGCCAAAAGGGTCATCATCT 180
TGAGTCCTTCCACGATACCAA

2.9. Statistical Analysis

All statistical analyses were performed by using SPSS

version 18.0 (SPSS, Chicago, IL). Differences between groups
were assayed through one-way ANOVA and Chi-square test.
One-way ANOVA was used to compare quantitative data with
normal distributions and equal variance. Chi-square test was
utilized to compare categorical data. P values < 0.05 were
considered statistical significance.

3. Results

3.1. Histopathological Observation of Lung Tissues

Morphological changes in the lung: the macaque lung in
group 1 showed clear lung tissue structure and normal
morphology; alveolar walls were uniform and the margin was
smooth. In group 2, we observed structural damage of alveolar
walls, thickened alveoli septum, interstitial and alveolar mild
edema, alveolar hemorrhage and a few of lymphocytes
infiltration. And the degree of injury in group 3 was slighter
than that of group 2 (Figure 1).
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Figure 1. Histopathological analysis of lung paraffin sections stained with HE
(a, ¢, ex100; b, d, f*400): a and b: Group 1; ¢ and d: Group 2; e and f: Group 3.

3.2. Simulated Weightlessness Inducing H,0, Production in
Plasma of Macaque

Overproduction of reactive oxygen species (ROS) can
produce oxidative stress in tissues and organs. The main ROS
currently known are free oxygen radical such as superoxide
radicals (O2-), hydroxyl free radical (OH) and H,0,. H,0, is
indirect indicator of the free radical O2-[18, 19]. Thus, we
determined production of H,O, as an indication of ROS
formation in plasma of macaque after simulated weightlessness.
From Table 2, H,O, levels generated in plasma of group 2
significantly increased compared with group 1 and group 3
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(P<0.001). Therefore, our results suggested that simulated
weightlessness induced oxidative stress as well as stimulated
plasma to increase H,O, production.

Table 2. The concentration of H202, SOD, GSH in plasma (x £ s).

group 1 and group 3 (P<0.05). However, SOD activities in
plasma had no significance of difference in these groups.
Unfortunately, SOD and GSH levels in lung homogenates did
not significantly change in group 1, 2 and 3 (Table 3).

Table 3. The concentration of SOD, GSH in lung tissues (x % s).

Groups H;O, (pmol/L) SOD (U) GSH (pmol/L)

Group 1 4.36+0.74 0.35+0.04 0.07+0.01 Groups SOD (U) GSH (umol/L)

Group 2 24.74+0.22" 0.33+0.04 0.02+0.02" Group 1 0.180.06 037=0.18

Group 3 4.61+0.28 0.36+0.04 0.06+0.02 Group 2 0.23+0.07 0.38+0.18
Note: *P<0.05, Group 1 vs Group 2; **P<0.001, Group 1 vs Group 2, Group 2 Gioupk = 00 U201

vs Group 3.

3.3. Activities of SOD and GSH in Plasma and Lung Tissues
of Macaque

It is acknowledged that human antioxidant defense system is
equipped with detoxifying enzymes, such as SOD, CAT, and
GSH-Px, thiol systems and so on, glutathione (GSH) and
lipophilic radical-scavengers, for instance, tocopherols [20].
SOD, an endogenous antioxidant enzyme, provides the first line
of defense against ROS [16]. GSH is an intracellular antioxidant
thiol, which is considered as the second line of cellular defense
against ROS [17]. Hence, as the biomarker of the antioxidant
defenses, the activity of SOD and GSH in plasma and lung
tissues was measured (Tables 2 and 3). The activities of GSH in
plasma were conspicuously decreased in group 2 compared with

3.4. The Effect of Simulated Weightlessness on Antioxidant
Gene Expression and the Expression of Oxidant Stress
Related Genes in Lung Tissues

We performed a qRT-PCR analysis in order to determine
simulated weightlessness on antioxidant gene expression and
the related genes’ expression of oxidant stress in lung tissues.
The genes included CAT, SOD1, SOD2, SOD3, GPX1, GPX4,
GPX7, PRDX1, HMOXI1, ALOX5 and DUOXI. Table 4
showed the mRNA expression of the antioxidant genes and
oxidant stress of related genes in lung tissue by quantitative
detection of gene expression. Group 2 and group 3 showed
significant up-regulation of SOD3 gene compared with group 1.
Other gene expressions were similar between these groups.

Table 4. Comparison cytokine mRNA expression in lung tissues between group 1, 2, 3.

Genes ACT of Group 1 (x £ 5) ACT of Group 2 (x £ 5) ACT of Group 3 (x £ 5) 2-AACT Group2/1 2-AACT Group3/1
CAT 3.69+0.71 3.11+£0.66 3.89+0.78 1.50 0.89
SOD1 1.56+0.27 1.96+0.57 1.93+0.41 0.80 0.78
SOD2 2.43+0.91 2.04+1.02 1.97+0.97 131 1.38
SOD3 15.18+2.11 7.59+0.90" 6.32+3.26" 192.39 464.04
GPX1 0.52+0.22 0.08+0.60 0.3240.63 1.36 1.16
GPX4 0.44+0.31 0.24+0.58 0.77+0.72 1.15 0.79
GPX7 9.69+0.66 9.00+1.36 6.66:1.02 1.61 8.19
PRDX1 1.88+0.65 1.12+0.62 2.27+0.85 1.69 0.76
HMOX1 5.30+0.14 4.78+1.17 4.89+1.73 1.43 1.34
ALOX5 10.09+0.41 8.96:0.89 10.27+1.98 2.19 0.88
DUOX1 15.56+1.93 14.65+0.69 12.65+4.02 1.88 7.50

Note: **¥P<0.001, Group 1 vs Group 2, Group 1 vs Group 3.

4. Discussion

Several studies indicated that space flights are associated with
imbalance between oxidant production and antioxidant defense
[21, 22, 23, 24, 25, 26]. In animal models, it was observed that
there was an increased oxidant concentration of malondialdehyde
(MDA) and reactive oxygen species (ROS), what’s more, there
were reductions in antioxidant enzyme in serum, kidney and brain
after simulated microgravity [24, 25, 26]. Researchers from the
proteomic analysis of pulmonary tissue found that alteration in
peroxidase expression played an important role in simulated
weightlessness-induced lung injury [28].

However, there were not more evidences to confirm an
association between oxidative stress and lung injury under
microgravity. Consequently, to comprehensively analyze
changes of oxidative stress in microgravity-induced lung injury,
we established a ground-based model of stress which simulates
those endured stress as a result of spaceflight. The

antiorthostatic model has become the most widely available
model of simulated microgravity. Rhesus macaque is a common
substitute for human in many disease models. Hence, macaque
suspended in the antiorthostatic position may be a useful model
for investigating microgravity.

Our results showed that the concentration of H,O, increased
in plasma of rhesus macaque under long-term simulated
microgravity. In terms of antioxidant, the levels of GSH in
plasma of rhesus macaque were significantly lower under
long-term simulated microgravity. This decreased antioxidant
defense of GSH may be one of the reasons for observing
increased levels of H,O, in plasma of rhesus macaque and
subsequent oxidative stress occurred under simulation
microgravity conditions.

Oxidative stress can lead to a disruption of redox signaling,
DNA and protein damage, as well as lipid peroxidation [15, 16].
Therefore, we speculated that oxidative stress has been
implicated in the pathogenesis of morphological changes and
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dysfunction in various organs systems under microgravity
because indexes about oxidative stress in plasma are
characteristics of oxidative stress in living body. Moreover,
restoring GSH levels might be an effective preventive measure
against various oxidative stresses under microgravity.

The lung is one of the most vulnerable organs that have great
influences on spaceflight [8, 9]. In this study we observed
structural damage of alveolar walls, thickened alveoli septum, a
few of lymphocytes infiltration in macaque lung tissues under
simulated microgravity. The results of morphological damage
were consistent with other studies [28, 29]. However, SOD and
GSH levels in lung tissues did not significantly change under
simulated microgravity. Additionally, we had examined the
mRNA expression of antioxidant gene and the related genes’
expression of oxidant stress in lung tissues. The results of this
study indicated that the mRNA expression of SOD3 was
up-regulated in macaque lung tissues under simulated
microgravity. But other gene expressions were not significantly
different among these groups.

The extracellular superoxide dismutase (EC-SOD, SOD3) is
a major extracellular antioxidant enzyme that converts
superoxide into hydrogen peroxide by reducing oxidative cell
stress [30]. Because of secretion to extracellular space, the
enzymes mainly located in the lymph, synovial fluid and plasma
[31]. Our data assayed by qPCR indicated that SOD3 mRNA
was increased in macaque lung tissues under simulated
microgravity. But SOD levels in lung tissues did not
significantly change under simulated microgravity. Furthermore,
we only detected the total SOD activity and didn’t reflect
independently of SODI1, SOD2 and SOD3. Thus, our data
demonstrated that oxidant stress was not a major factor involved
in the development of lung damage under simulated
microgravity. Further study is needed to clarify the mechanism
about the lung injury under microgravity.

All in all, in a long-term simulated microgravity environment,
systemic antioxidant level of GSH was reduced; on the contrary,
an oxidative stress marker of H,O, was increased. Meanwhile,
long-term simulated microgravity caused lung injury and
induced the mRNA of SOD3 expression in lung tissues. But
oxidant stress is not a major factor involved in the development
of lung damage under simulated microgravity.
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