Original Article

Effects of Head-down Tilt on Nerve Conduction in
Rhesus Monkeys

Bo Sun', Xiao-Yun Zhang?, Li-Zhi Liu', Zhao-Hui Chen', Zhong-Quan Dai?, Xu-Sheng Huang'

"Department of Neurology, Chinese People's Liberation Army General Hospital, Beijing 100853, China
*Department of Neurology, 306™ Hospital of People's Liberation Army, Beijing 100101, China
Department of Biomedical Engineering, China Astronaut Research and Training Center, Beijing 100101, China

Background: Few studies have focused on peripheral nerve conduction during exposure to microgravity. The —6° head-down tilt (HDT)
comprises an experimental model used to simulate the space flight environment. This study investigated nerve conduction characteristics
of rhesus monkeys before and after prolonged exposure to HDT.

Methods: Six rhesus monkeys (3—4 years old) were tilted backward 6° from the horizontal. Nerve conduction studies (NCSs) were
performed on the median, ulnar, tibial, and fibular motor nerves. Analysis of variance with a randomized block design was conducted to
compare the differences in the NCS before and 7, 21, and 42 days after the —6° HDT.

Results: The proximal amplitude of the CMAP of the median nerve was significantly decreased at 21 and 42 days of HDT compared
with the amplitude before HDT (4.38 + 2.83 vs. 8.40 £ 2.66 mV, F = 4.85, P =0.013 and 3.30 = 2.70 vs. 8.40 £ 2.66 mV, F = 5.93,
P =0.004, respectively). The distal amplitude of the CMAP of the median nerve was significantly decreased at 7, 21, and 42 days of
HDT compared with the amplitude before HDT (7.28 + 1.27 vs. 10.25 £ 3.40 mV, F'=4.03, P=0.039; 5.05 +£2.01 vs. 10.25 £ 3.40 mV,
F=6.25P=0.04;and 3.95+2.79 vs. 10.25 £ 3.40 mV, F=7.35, P=0.01; respectively). The proximal amplitude of the CMAP of the
tibial nerve was significantly decreased at 42 days of HDT compared with the amplitude before HDT (6.14 = 1.94 vs. 11.87 £ 3.19 mV,
F=5.02, P=0.039).

Conclusions: This study demonstrates that the compound muscle action potential amplitudes of nerves are decreased under simulated
microgravity in rhesus monkeys. Moreover, rhesus monkeys exposed to HDT might be served as an experimental model for the study
of NCS under microgravity.
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INTRODUCTION investigated the manifestation of somatosensory-evoked
potentials under hypokinesia,’® which included both the
peripheral and central sensory nervous systems. However,
the conditions under hypokinesia/bed rest are different
compared with microgravity; therefore, the effect of
microgravity on the peripheral nervous system should be
further evaluated.

Prolonged exposure to microgravity has significant effects on
physiological conditions.!"-®) Many studies have investigated
the effects of microgravity on the neuromuscular system.7-141
Most of these studies have focused on skeletal muscle
changes under microgravity."'“!2!41 However, to the best of
our knowledge, there is limited research regarding the effects
of mlcrogrgV1ty on the perlp heral nejrvous system.m Qne Address for correspondence: Dr. Xu-Sheng Huang,
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the velocity in the main trunk of nerve fibers. Furthermore,
studies have investigated the effects of hypokinesia on — . )
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Muscle atrophy and decreased muscle power!'®!51") are
prominent after a space mission. These changes may
be reproduced through space environment simulations on
the ground.”’ Ground-based models are a suitable alternative
to space flights and induce similar modifications in the
neuromuscular system.!'® The hindlimb unloading (HU)
model is characterized by the absence of weightbearing
and reduced motor activity,!'*® and it is typically applied
in rats. Moreover, the —6° head-down tilt (HDT) is another
experimental model used to simulate the space flight
environment of humans.

To determine changes in nerve conduction under simulated
microgravity, the current study aimed to investigate the
nerve conduction characteristics of rhesus monkeys before
and after prolonged exposure to HDT.

MeTtHoDS

Ethics statement

All experimental procedures conducted with rhesus
monkeys were approved by the Ethical Committee of the
China Astronaut Research and Training Center, which is
in accordance with the principles of the Association for
Assessment and Accreditation of Laboratory Animal Care
International (AAALAC), approved by Institutional Animal
Care and Use Committee (IACUC).

Animals

The HDT model in rhesus monkeys was selected as the
model because the peripheral nervous system of primates
is the most similar to humans compared with other species.
Six rhesus monkeys at the age of 3—4 years (three males
and three females) were laid on beds, which were tilted
backward 6° from the horizontal. The head-down animals
wore a special cloth, which enabled them to be fixed to the
bed; however, their arms and legs were free to move, and
they were provided access to food and water. The HDT model
functions to reduce mechanical loading to the hindlimbs,
which provides a similar condition as microgravity. The
rhesus monkeys were provided with a regular dietary
program, which included primate biscuits, fresh fruits, and
vitamin syrup. The animals were housed one per cage or bed
in rooms with air temperature maintained at 23 = 2°C and a
standard 12:12 h dark-light cycle (lights were turned on at
8:00 a.m. and off at 8:00 p.m.). The general health condition
of the animals was carefully monitored. The monkeys were
provided with toys (for example, the drum-shaped rattle,
a Chinese traditional toy) during housing throughout the
duration of the study, and the toys were available all the
time except during experimental procedures. The animal
keepers accompanied the monkeys during the day time to
help relieve anxiety. The researchers spent time interacting
with them for about 2-3 h every day.

Nerve conduction studies

Skin temperature was maintained at 32°C with a heating pad
during the examination. Nerve conduction studies (NCSs)
were performed using surface electrodes on the median, ulnar,

tibial, and fibular nerves on the right side to assess motor
function in the upper and lower limbs using the key point
electromyography system (31A06, Medoc Ltd., Israel).?"' The
motor conduction velocities, the proximal and distal amplitudes
of the compound muscle action potentials (CMAPs), and the
proximal and distal latencies of the median, ulnar, tibial, and
fibular nerves were recorded (representative images of the
NCS of the tibial nerve are shown in Figure 1). The NCS
was performed in the order of the median, ulnar, tibial, and
fibular nerves before HDT and on 7, 21, and 42 days of HDT.
During the procedure, toys were provided, and the researchers
accompanied the monkeys to reduce pain and suffering. All
animal housing and experiments occurred in the Animal
Facility at China Astronaut Research and Training Center.

Statistical analysis

Statistical analysis was performed using SPSS software
version 19.0 (IBM, Chicago, IL, USA). Descriptive statistics
of the NCS were obtained before HDT. The data are
represented as mean =+ standard deviation (SD). Analysis of
variance (ANOVA) using a randomized block design was
conducted to compare the differences in the NCS before HDT
and at 7, 21, and 42 days of HDT. ANOVA was conducted
if no differences were identified between the animals.
Post hoc analyses, including least significant difference
and Student-Newman—Keuls, were performed if significant
differences were identified in the ANOVA.

One rhesus monkey died on the day 21 of HDT because of
inadaptation to the simulated microgravity, and one monkey
injured its upper limbs as a result of rigorous movement.
Thus, the ANOVA with a randomized block design and the
ANOVA of the median and ulnar nerve parameters were
performed using data collected from the remaining four
rhesus monkeys. Data from the tibial and fibular nerves were
obtained from the five remaining rhesus monkeys.

ResuLts

The parameters of NCS before HDT (under normal conditions)
and 7, 21, and 42 days of HDT are presented in Table 1. The
proximal amplitude of the CMAP of the median nerve was
significantly decreased at 21 and 42 days of HDT compared
with the amplitude before HDT (4.38 + 2.83 vs. 8.40 + 2.66
mV, F=4.85,P=0.013 and 3.30 £2.70 vs. 8.40 =2.66 mV,
F=5.93, P=0.004, respectively). The proximal amplitude
of the CMAP of the median nerve at 42 days of HDT was
significantly decreased compared with that at 7 days of
HDT (3.30 £2.70 vs. 7.70 = 1.50 mV, F' = 4.40, P=0.022).

The distal amplitude of the CMAP of the median nerve was
significantly decreased at 7,21, and 42 days of HDT compared
with the amplitude before HDT (7.28 +1.27vs. 10.25+3.40mV,
F =4.03, P=0.039; 5.05 + 2.01 vs. 10.25 + 3.40 mV,
F =625 P=0.04; and 3.95 + 2.79 vs. 10.25 £ 3.40 mV,
F =735, P=0.01, respectively). The distal amplitude of
the CMAP of the median nerve at 42 days of HDT was
significantly decreased compared with that at 7 days of
HDT (3.95+2.79 vs. 7.28 £ 1.27 mV, F' = 3.33, P=0.08).
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Figure 1: NCS of tibial nerve before HDT and 42 days after HDT in rhesus monkeys. (a) Before HDT. (b) Forty-two days after HDT. NCS: Nerve

conduction studies; HDT: Head-down tilt.

Table 1: NCS before and at 7, 21, and 42 days of HDT in rhesus monkeys (7 = 6)

Time points Parameters Median Ulnar Tibial Fibular
Before HDT MCV (m/s) 59.55+6.20 62.67 +9.02 57.45 +4.50 60.32 +4.94
Proximal CMAP (mV) 8.40 + 2.66 433 +1.87 11.87 £3.19 7.72 + 4.60
Distal CMAP (mV) 10.25 +3.40 5.58 +£2.05 11.17 £2.68 7.68 +£4.15
7 days MCV (m/s) 53.15+4.76 56.53 + 14.41 52.66 = 5.61 5550+ 8.16
Proximal CMAP (mV) 7.70 £ 1.50 5.25+3.36 12.98 + 4.99 6.48 491
Distal CMAP (mV) 7.28 127" 6.58 + 3.60 12.86 + 5.03 7.00 £ 3.26
21 days MCV (m/s) 58.45+6.86 63.03 + 8.00 51.98 +6.74 56.42+5.15
Proximal CMAP (mV) 438 +£2.83% 2.95+1.40 8.48 +3.52 5.28+2.84
Distal CMAP (mV) 5.05+2.017 4.13+1.53 10.84 + 3.00 5.74+2.34
42 days MCV (m/s) 57.45£3.16 61.8+1.82 5236 +8.38 57.00 £ 6.53
Proximal CMAP (mV) 3.30 £ 2.70%$ 2.50+2.43 6.14+1.9441 5.38+4.05
Distal CMAP (mV) 3.95+2.797 4.03 +4.08 8.04 +2.86 5.06+4.32

Data represent means + SDs. *For the median nerve, statistically different versus the proximal CMAP before HDT; 'For the median nerve, statistically
different versus distal CMAP before HDT; *For the tibial nerve, statistically different versus the proximal CMAP before HDT; For the median nerve,
statistically different versus the proximal CMAP 7 days of HDT; For the median nerves, statistically different versus distal CMAP 7 days of HDT; "For
the tibial nerve, statistically different versus the proximal CMAP 7 days of HDT. NCS: Nerve conduction study; HDT: Head-down tilt; MCV: Motor
conduction velocity; CMAP: Compound muscle action potential; SDs: Standard deviations.

The proximal amplitude of the CMAP of the tibial
nerve was significantly decreased at 42 days of HDT
compared with the amplitude before HDT (6.14 + 1.94 vs.
11.87 £ 3.19 mV, F = 5.02, P = 0.039). The proximal
amplitude of the CMAP of the tibial nerve at 42 days of HDT
was significantly decreased compared with that at 7 days of
HDT (6.14+1.94 vs. 12.98 £4.99 mV, F'=6.84, P=0.008).

The proximal and distal latencies of the nerves and the
nerve CVs were prolonged and decreased slightly compared
with the parameters before HDT but were not significantly
different.

Discussion

Previous studies regarding the effects of microgravity on
the neuromuscular system have mainly focused on muscle
atrophy induced by muscle disuse.[”? Few studies have

investigated the electrophysiological characteristics of the
peripheral nervous system after prolonged microgravity. The
current investigation focused on the electrophysiological
characteristics of the peripheral nervous system and
identified a significant decrease in the proximal and distal
amplitudes of the CMAP of the median and tibial nerves
as carly as day 7 of HDT. Previous research identified
a longer duration and a slower falling rate of the action
potentials of muscle fibers, thereby reflecting a change
in the motor fiber impulses of its nerve,?”) which may
contribute to the decreased amplitude. Furthermore, atypical
combinations of myosin heavy chain mRNA isoforms
have been demonstrated to be transiently increased in the
soleus fibers of rats that experienced 7 days of HU, which
suggests a disruption of transcriptional and translational
activity.>>] These changes were present at a very early
stage and may explain the CMAP amplitude decrease in
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the NCS identified in the current study. Furthermore, as the
recording surface electrodes were attached at the muscle
belly, a decrease in muscle power and muscle atrophy may
contribute to the CMAP amplitude decrease of the median
and tibial nerves. However, there were no significant
differences in the proximal and distal amplitudes of the
CMAP of the ulnar and fibular nerves at 42 days of HDT.
The reason for this finding may be that 42 days of HDT is
not sufficient to produce dramatic differences. Studies of rats
under microgravity have typically lasted for 14 days or less,
and significant changes in multiple parameters such as the
nerve CV and axon diameter have been identified.?**? In
humans, studies are typically sustained for 6 months, with
a minimum of 2 months.”’ Primates most closely resemble
humans; however, 42 days of HDT was likely not sufficient
to induce similar changes. Moreover, one study demonstrated
that the equilibrium state in rats shifted to a different level
at 14 days of HU. The transitional period between these two
equilibrium states may have been marked by a transitory
disorganization.'®! We infer that the electrophysiological
characteristics of peripheral nerves were under a transitory
disorganization on day 42 of HDT. Thus, the amplitudes of
the CMAP of the ulnar and peroneal nerves did not exhibit
significant decreases. Further studies are necessary to better
understand the mechanisms during this transitional period.

A significant decrease in the CV of muscle fibers*2% and
a reduction in the CV in branching axon terminals®”! were
previously identified. In this study, the latencies of the
nerves and the nerve CVs were not significantly different
after HDT. The mechanisms that modulate the CV in
nerve fibers are not clear, and changes in the membrane
properties at the nodes of Ranvier may represent one
factor that plays a role in this modulation.”’ Changes in the
membrane properties may be induced through modifications
in the synthesis of voltage-gated membrane channels in
excitable muscle membranes. Wittwer et al.*”! demonstrated
gene expression alterations following prolonged unloading
of rat soleus muscles. There was an increase in the mRNAs
that coded for ion channels, which may elucidate the
increased shortening velocity of the soleus muscle following
spaceflight.?” In our study, the most likely explanations for
the lack of change in the latencies of the nerves and nerve
CVs following HDT were that the 42 days of exposure to
HDT was not sufficient to generate significant changes, and
the electrophysiological characteristics of the peripheral
nerve fibers were under a transitory disorganization.[®
Furthermore, to the best of our knowledge, the nerve CV
depends on the axonal diameter, myelin sheath thickness,
and internodal distance.l?®*) Previous research indicates
that although myelin was thinner following HU, the mean
axonal diameter for the small fibers was slightly decreased
in HU rats; in contrast, it was not significantly different for
the large fibers, which were in charge of motor function, and
the distances between the nodes of Ranvier and the global
structure of the nerve fibers were not significantly different.™
Thus, the nerve CVs may not substantially change based
on nerve morphology. Moreover, the current findings are

consistent with previous research regarding fatigue, in which
the CV along nerve fibers was not substantially reduced.*”

In this study, rhesus monkeys were subjected to HDT to
resemble the space flight environment, which is a model
of substantial value in the investigation of microgravity
effects on astronauts. Experiments that involve astronauts,
including ground-based experiments, are expensive, and the
impact of microgravity on the motor function of astronauts is
often minimized through countermeasures.®! Furthermore,
the pretest conditions of astronauts are challenging to
control; thus, the potential heterogeneity may impact the
reliability of the findings."”) Moreover, although studies have
evaluated changes in muscle fibers and axon terminals under
microgravity, few studies have investigated these variables
in nerve trunks. The current findings provide novel evidence
related to the electrophysiological characteristics of nerve
trunks under microgravity.

Despite the importance of the experimental model and
findings identified in this study, several study limitations
must be considered. First, the sample size is relatively small.
Second, 42 days of HDT may represent a transitory period
between two equilibriums. Thus, future studies with a larger
sample size and a longer duration of HDT are necessary to
confirm these findings.

Conclusively, this study demonstrates that the CMAP
amplitudes of nerves are decreased under HDT in rhesus
monkeys. Moreover, results of the present study suggest
that rhesus monkeys exposed to HDT might be used as an
experimental model for the study of NCS under microgravity.
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