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as mechanical noise to the soles of the
feet, or when applied as electrical noise at
the knee and to the back muscles.

SR using imperceptible stochastic
electrical stimulation of the vestibular
system (stochastic vestibular stimulation,
SVS) applied to normal subjects has
shown to improve the degree of associa-
tion between the weak input periodic
signals introduced via venous blood
pressure receptors and the heart-rate re-
sponses. Also, application of SVS over 24
hours improves the long-term heart-rate
dynamics and motor responsiveness as

indicated by daytime trunk activity meas-
urements in patients with multi-system
atrophy, Parkinson’s disease, or both, in-
cluding patients who were un responsive
to standard therapy for Parkinson’s dis-
ease. Recent studies conducted at the
NASA JSC Neurosciences Laboratories
showed that imperceptible SVS, when
applied to normal, young, healthy sub-
jects, leads to significantly improved bal-
ance performance during postural dis-
turbances on unstable compliant
surfaces. These studies have shown the
benefit of SR noise characteristic opti-

mization with imperceptible SVS in the
frequency range of 0–30 Hz, and ampli-
tudes of stimulation have ranged from
100 to 400 microamperes.
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Several technological enhancements
have been made to METI’s commercial
Emergency Care Simulator (ECS) with
regard to how microgravity affects
human physiology. The ECS uses both a
software-only lung simulation, and an in-
tegrated mannequin lung that uses a
physical lung bag for creating chest ex-
cursions, and a digital simulation of lung
mechanics and gas exchange. METI’s
patient simulators incorporate models

of human physiology that simulate lung
and chest wall mechanics, as well as pul-
monary gas exchange.

Microgravity affects how O2 and CO2
are exchanged in the lungs. Procedures
were also developed to take into affect
the Glasgow Coma Scale for determin-
ing levels of consciousness by varying the
ECS eye-blinking function to partially in-
dicate the level of consciousness of the
patient. In addition, the ECS was modi-

fied to provide various levels of pulses
from weak and thready to hyper-dy-
namic to assist in assessing patient con-
ditions from the femoral, carotid,
brachial, and pedal pulse locations. 
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The most common approach for as-
sessing the abundance of viable bacter-
ial endospores is the culture-based plat-
ing method. However, culture-based
approaches are heavily biased and of-
tentimes incompatible with upstream
sample processing strategies, which
make viable cells/spores uncultivable.
This shortcoming highlights the need
for rapid molecular diagnostic tools to
assess more accurately the abundance
of viable spacecraft-associated micro-
biota, perhaps most importantly bacter-
ial endospores.

Propidium monoazide (PMA) has re-
ceived a great deal of attention due to
its ability to differentiate live, viable

bacterial cells from dead ones. PMA
gains access to the DNA of dead cells
through compromised membranes.
Once inside the cell, it intercalates and
eventually covalently bonds with the
double-helix structures upon photoac-
tivation with visible light. The cova-
lently bound DNA is significantly al-
tered, and unavailable to downstream
molecular-based manipulations and
analyses. Microbiological samples can
be treated with appropriate concentra-
tions of PMA and exposed to visible
light prior to undergoing total genomic
DNA extraction, resulting in an extract
comprised solely of DNA arising from
viable cells. This ability to extract DNA

selectively from living cells is extremely
powerful, and bears great relevance to
many microbiological arenas.

While this PMA-based selective chem-
istry has been applied to several poly-
merase chain reaction (PCR)-based
molecular protocols, it has never been
coupled with fluorescence in situ hy-
bridization (FISH)-based microscopic
methods. FISH microscopy is a power-
ful technique for visualizing and enu-
merating microorganisms present in a
given sample, which relies on the ability
of fluorescently labeled oligonu-
cleotide probes to gain access to, and
hybridize with, specific nucleic acid se-
quences within cells. Dogmatic princi-
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This method has applications in the pharmaceutical, food microbiology, semiconductor, and
other industries requiring surface sterilization.
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