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The Journal of Aeronautic Dentistry,
Medicine and Space Technology (JADMST)
(ISSN 0975 - 0576) is presents original, peer-
reviewed articles on conditions of the artificial
gravity, microgravity, zero gravity and human
factors etc. The eminent personalities like
executive editor and editorial board members
are the Crew Scientists and Health and safety
officers (Mars Mission), NASA, USA. The
Journal focuses on techniques and developments
in aircrews members facing numerous adverse
effects such as head and facial barotraumas
(barotrauma-related headache, external otitic
barotrauma, barosinusitis and barotitis-media),
dental barotrauma (barometric pressure-related
tooth injury), barodontalgia (barometric pressure-
related oro-dental pain). Special considerations
have to be made when planning restorative,
endodontic, prosthodontic and surgical treatment
to an aircrew patient.

The Journal of Aeronautic Dentistry,
Medicine and Space Technology (JADMST)
presents information relating to advanced
development projects aimed at the creation of
tools that can be applied to the analysis, design
and evaluation of space vehicles and operations,
and future space vehicle design concepts. The
JADMST has provided coverage of the wide
variety of scientific and educational research
involved in aeronautic dentistry and allied
fields. It is particularly influential and respected
and recognized as the premier publication for
aeronautic dentistry, covering topics ranging from
the impact on oral health research of recent
findings. The JADMST is first scholarly journal
in the world that is publishing the most
important work being done in aeronautic
dentistry. These new adventures and findings
in the field of aeronautic dentistry definitely are
beneficial for continued health of the pilots and
Aeronauts.
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Editorial

Salivary Proteomics in Microgravity

Indulgenting gene expression is the key to unfolding the mechanisms behind, and ultimately,
finding effective countermeasures to spaceflight-induced alterations in oral cavity. Significant
progress has been made in identifying the genes responsible for these changes. Although many
of these genes were observed to be either upregulated or downregulated, there is a lack of
systemic study of gene and protein expression in individual cells exposed to microgravity. Models
for long-term study of the effects of microgravity on cells in vitro and possible countermeasures
are essential as we send astronauts on long-term missions, i.e., to Mars and back. In the future
it will be important to design human bed rest and NASA studies to determine the optimal
combination of countermeasures. In addition to modifications related to gravity alone, it will be
important to understand the potential effects of co-exposure to cosmic radiation to provide the
maximum possible protection to astronauts.

Balwant Rai
Editor-in-Chief
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INTRODUCTION

  Current projects on missions to Mars results
in 2 years of microgravity conditions, demands
the critical need for the development of
optimal nutritional programs and physical
counter-measures to prevent body mass and
functional alterations. On long duration space
flights such as mars mission, astronauts
undergo many physiological changes such as
loss of bone mass, muscle strength, and
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Anti-oxidation actions of Indian spice in simulated microgravity

Balwant Rai , MS*

Jasdeep Kaur, BDS, MS**

Maria Catalina***

ABSTRACT

The effect of microgravity is more pronounced after long-duration space flights and can even last for
several weeks after landing. The extensive research is going on the preventation of peroxidative damage due
to microgravity. It has been evident that curcumin (diferuloylmethane), a yellow pigment in curry powder
exhibits antioxidant, anti-inflammatory, and proapoptotic activities. To determine the preventive effects of
curcumin on peroxidative damage due to two bed rest conditions, 20 healthy male volunteers were equally
divided into two groups ( 10 with curcumin and 10 without curcumin ). They were studied in condition
before, during, and  just on bed rest conditions at -6° head-down-tilt (HDT) bed rest for 10 days. We measured
the salivary and serum oxidative markers such as Malonaldehyde, 8-hydroxydeoxyguanosine, vitamin C
and E just before HDT , during HDT experiment, and in course time of recovery with curcumin and without
curcumin groups. The values of serum and salivary Vitamin C & E showed statistically significant decrease
in both bed rest conditions as compared to the condition before and during the recovery stage. However,
levels were not significantly lowered in curcumin groups in contrast to the groups without curcumin ( Table-
1, P<0.05) . MDA and 8-OHdG levels showed significant increase in simulating microgravity condition as
compared to the condition before and in the recovery stage. Hence, curcumin prevent peroxidative damage in
simulated conditions. Further study is required on antioxidation actions of curcumin  in space microgravity
conditions.

Key Words: Curcumin, Serum, Saliva, oxidative stress, two bed rest position, space microgravity.

cardiovascular fitness as a result of reduced
metabolic activities, lower cellular and reduced
tissue oxygen demand 1-12. There exists a
balance in the body between oxidant
production and antioxidant defence, with the
balance shifted slightly in favour of oxidants
1-3. Mainly products of this "leakage" are the
two ROS: superoxide radical (O2_) and H2O2
2. Other ROS includes the free radicals such
as nitric oxide and compounds such as ozone
and HOCl. ROS can attack and damage
cellular constituents such as DNA, proteins,
and membrane lipids. Oxidative damage from
free radicals to DNA and lipids has been
implicated in the etiology of a wide variety of
chronic diseases and acute pathologic states
2-8. The chronic diseases range from oral
diseases such as periodontitis and oral cancer
to cardiovascular diseases and neuro-
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degenerative diseases including Alzheimer
and Parkinson diseases.9-13 It has been
observed that there is an increased lipid
peroxidation in human erythrocytic
membranes and reductions in some blood anti-
oxidants after long-duration space flights 13-
15 It has also been observed that  there was
urinary excretion of 8-iso-prostaglandin F2-
and 8-oxo-7,8 dihydro-2 deoxyguanosine (8-
OHdG) in six subjects during and after long-
duration space flights (90 to 180 d) 16-17.
Isoprostane 8-isoprostaglandin F2- and 8-
OHdG are the markers for oxidative damage
to lipids and DNA respectively 16-17 . Most
rodent studies showed increased production
of lipid peroxidation products in postflights
and decreased antioxidant enzyme activity in
same post-flights 18. It has been found that
space flights simultaneously down regulate
anti-oxidant defence capacity and elicit an
oxidative stress in the liver. There was an
approximately 50% increase in the liver
malondialdehyde concentration with space
flights19. Vitamin E is the primary chain-
breaking anti-oxidant in the cell membranes
9,20,21. The protective role of vitamin C seems
to lie in its ability to reduce the oxidized form
of vitamin E, thereby making it reusable by the
cell 9,23.

Curcumin (diferuloylmethane), a dietary
pigment responsible for the yellow color of
turmeric is used as a traditional medicine well
documented in the Ayurveda for the treatment
of  numerous inflammatory conditions.
Extensive research within the past half-decade
has confirmed that curcumin mediates anti-
inflammatory effects through the
downregulation of transcription factor,
nuclear factor-?B (NF-?B) , tumor  necrosis
factor (TNF) , interleukin-6 , interleukin-8 ,
adhesion molecules , inducible nitric oxide
synthase (iNOS) , matrix metalloproteinase-9
(MMP-9) , cyclooxygenase-2 (COX-2) ,  5-
lipoxygenase (5-LOX), and glutathione
reverses the inhibition 24-34 . It has been
reported that Curcumin act as anti-oxidant
agent 30-34.  Curcumin has shown that agent
can be administered safely at a oral doses of
up to 8 g/d .There was no dose-limiting
toxicity; dosing was limited by the number of
pills that patients could or would swallow

daily  35-36. Hence, this study was planned to
study the effect of curcumin on  serum and
salivary markers of oxidative stress in
simulated microgravity.

MATERIALS AND METHODS

The subjects of this investigation were  10
male  volunteers  aged (18-22 years, mean
weight of 72.5 +_  3.2 kg and  mean height of
174.9+_   3.4 cm) participated in an 8-hour 6°
HDT bed-rest exposure (18-21 years, mean
weight of 71.8 +_  2.3 kg and  mean height of
174.8+_   3.3 cm)  and bed rest position (18-24
years, mean weight of 73.6 +_  3.4 kg and
mean height of 175.1+_   4.1 cm),  who had
not participated in systemic endurance training
for 10 days prior to study and each subject
was given a detailed explanation of the
experimental protocol and were provided
written and verbal consent. Each subject
completed a medical and dental history
questionnaire to determine the status of
systemic diseases, smoking, alcoholic and
drugs history as well as clinical examination
for systemic diseases, chronic diseases and oral
& dental diseases. Patients were excluded from
study who had systemic diseases, chronic
diseases, oral & dental disease, smoking,
alcoholic and drugs history. Five volunteers of
each HDT  was selected and given a curcumin
once a day and others five volunteers of each
HDT was not given anything.

Curcumin- 1 g caplet form Curcumin   (900
mg curcumin, 80 mg desmethoxycurcumin,
and 20 mg bisdesmethoxycurcumin ) from
Sabinsa was obtained .

  Blood and saliva samples were taken just
before HDT, throughout the time course of the
HDT experiment, and during recovery period.
Subjects were asked to awake at 6 A.M on the
day of the study and to remain seated or in
standing position until arrival at the research
centre. Baseline control measurements were
obtained during the hour before HDT. At -9
A.M. the subjects were transferred supine to a
gurney and tilted to 6' HDT, where they
remained for the next 8 h. At -5 P.M. till 10
days, after 10 days the subjects returned to a

Balwant Rai, Jasdeep Kaur, Maria Catalina
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chair and stayed in seated position for the 4-h
recovery period. Blood and saliva samples were
prepared at the same time.

  Whole unstimulated saliva was collected
over a five-min period from subjects with
directions to allow saliva to pool at the bottom
of the mouth and drain into a collection tube,
when necessary. Unstimulated whole saliva
produced in a 5-min period (about 3 mL) was
collected, allowed to drain into a plastic
container, and centrifuged at 3,000 ×g in 4°C
for 5 min to remove bacterial and cellular
debris. Saliva samples were stored at -80°C
until analysis. Blood samples were collected
into Vacutainer tubes. The blood was
centrifuged at 1,700 g for 10 minutes and the
plasma was separated. Plasma was stored at -
80°C until analysis. Serum and salivary levels
were assessed for MDA using thiobarbituric
acid (TBA) method of Buege and Aust 37 .
Concentrations of both vitamins were
measured using liquid chromatography  38
.Quantitative measurements of the oxidative
DNA adduct 8-OHdG was performed
according to the method described by
Toyokuni et al.39 Briefly, the saliva samples
were centrifuged at 10,000g for 10 minutes
and the supernatant was used to determine 8-
OHdG levels with a competitive ELISA kit
(Japan Institute for the Control of Aging,
Shizuoka, Japan). The determination range
was 0.5-200 ng/mL. Serum 8-OHdG levels
were measured in duplicate by a competitive
ELISA kit (OXIS, Portland, OR, USA)
according to the manufacturer's instructions.
The sensitivity of the method was 1 ng/ml.
All data were statistically analyzed using SPSS
statistical package (SPSS, version13,
Chicago,IL,USA). Data were expressed as
mean ± standard deviation. Differences
between pre, during and after microgravity
simulation were analyzed for significant values
using one-way ANOVA test. Correlation
assessment was performed using the
Spearman correlation analysis. Statistical
significance was defined as p< 0.05.

RESULTS

The values of serum and salivary Vitamin C

& E  showed  statistically significant decrease
in simulating microgravity  as compared to the
period before and during the recovery stages,
with and without Curcumin groups. It was
also observed lower  in recovery stage as
compared  to the period before when examined
in   microgravity conditions ( Table-1&2,
P<0.05). However decrease in curcumin
groups was lower as compared to that
examined in without curcumin groups. MDA
and 8-OH dG levels showed  statistically
significant  increase in both conditions as
compared to period before and in recovery
stages, also observed relatively higher  in
without curcumin groups as compared with
curcumin groups ( Table-1&2, P<0.05).

DISCUSSION

In the present study, serum and salivary
Vitamin C & E values were significantly
lowered in condition and in both groups
(Table-1, P<0.05) which support the previous
studies 40-42. Decreased anti-oxidant defence
may be one of the reasons for increased levels
of ROS and subsequent tissue damage in two
bed rest conditions. MDA levels in both rest
conditions environment were significantly
elevated in both groups in contrast to the period
before and in the recovery stages. This indicates
that increased lipid peroxidation due to 'free
radical'-mediated injury occurs in the both rest
conditions. Increased lipid peroxidation can
occur if the rate of production of reactive
oxygen species is higher or the antioxidant
level is low which concur with the previous
studies 40-44. The 8-OHdG levels were
increased in both conditions as observed in the
previous studies 28, 30-33. Different aspects
of oxidative stress are measured by 8-OHG
namely DNA damage and cell membrane
damage respectively 44-48. The increased 8-
OHG, MDA levels and decreased Vitamin C
and E   levels were low in curcumin groups as
compared to the values observed in without
curcumin groups in accordance with the
previous studies 34 . Several reports suggest
that curcumin can induce ROS 47,48 . There
are also reports which suggest that curcumin
quenches ROS production and thus acts as an

Anti-oxidation actions of Indian spice in simulated microgravity
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antioxidant 49. Other reports suggest that
curcumin quenches ROS production at low
concentrations and induces ROS production
at high concentrations 50. It might be like the
vitamin C which acts as both a pro-oxidant
and an antioxidant. Whereas the pro-oxidant
mechanism mediates apoptotic effects, the
antioxidant mechanism mediates NF-?B-
suppressive effects.

  Hence, Microgravity condition had not only
systemic alterations but it also lowered the oral
antioxidant levels. Antioxidant defence

(vitamin E and C) was compromised and
oxidative stress was higher in both rest
condition. Hence, better formulations of
curcumin might provide more antioxidant
effects. Further study is required on the effect
of curcumin as an anti-oxidant agent in
microgravity & zero gravity conditions.
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 INTRODUCTION

For many years, the prevailing concept in
space human factors research has been that
microgravity has an impact on human
physiology and astronauts are faced with
several health risks during both short and long
duration spaceflights. Some of these health
problems include bone loss, muscle atrophy,
cardiac dysrhythmias, and altered orientation
(Herault et al., 2000; Oganov et al. 1992). Our
previous studies observed some adverse effects
of simulated microgravity (HDT bed rest
condition) on oral cavity (Rai, 2007; Rai, 2009;
Rai et al., 2010). This paper reviews the adverse
effect of microgravity on oral cavity.
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ABSTRACT

For many years, the prevailing concept in space human factors research has been that microgravity has an
impact on human physiology and astronauts are faced with several health risks during both short and long
duration spaceflights.  The review of our study found that reversible effect of microgravity is oedema of face,
change in taste, abnormal expression of face, teeth pain and xerostomia. The non reversible effects of
microgravity such as periodontal disease, dental caries but in different pattern than normal, stone formation
in salivary duct, pre cancer or cancer, fracture of maxillary and mandibular bone and xerostomia are more
prevalent in astronauts as compared to normal persons. Further study will be required on large scale on long
term effects of microgavity on oral cavity to prevent the adverse effects.

Key words: Mars mission, human factors, Microgravity, Aeronautic Dentistry

RESULTS AND DISCUSSIONS

 Flow rate, sodium, potassium, calcium,
phosphate, protein levels were increased in
simulation environments as compared to
normal, while same findings were observed in
urine ( Rai et al, 2009; Zerwekh, 2002).
Increased bone resorption contribute
significantly to raise the salivary state of
saturation with respect to the calcium salts,
namely calcium oxalate and calcium
phosphate. In addition, other environmental
and dietary factors may adversely affect
salivary  composition and increase stone
formation risk during space flight. Although
observations to date have suggested that there
could actually be a reduced food intake during
the early phase of flight, crew members on
longer-duration flights could also increase food
intake and be at increased risk for salivary
stone formation. The most important effect of
restricting energy intake is on calcium and bone
metabolism. The MIP 1 alpha level was
decreased in microgravity which is potential
markers of bone loss ( Rai et al , 2009; Fine  et
al, 2009). In agreement with earlier reports
(Kirsch et al., 1984; Parazynski et al., 1991;
Watenpaugh et al., 1992) , they found a 9%
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increase in plasma protein concentration on
flight day 1, and a 17% reduction in plasma
volume by 22h of flight. This agrees with the
early in-flight hemoconcentration seen by
others (Kirsch et al., 1984) and establishes that
plasma volume contraction occurs quickly in
microgravity. This hemoconcentration
probably results from increased upper-body
vascular pressures in microgravity (Parazynski
et al., 1991) and perhaps reduced interstitial
pressures ; both factors would encourage
transcapillary fluid filtration into upper-body
interstitial spaces, and substantial filtration
can occur in minutes (Watenpaugh et al.,
1992). Increased plasma protein concentration
increases plasma colloid osmotic pressure and,
therefore, opposes capillary filtration. An
increased fluid excretion was observed in
simulated microgravity leads to dehydration
and finally to a reduction of plasma volume
and an increase in the haematocrit. A
reduction of plasma volume may result in
increase in serum electrolyte levels, and
therefore serum osmolality and urine
osmolality increase too. The plasma volume
decrease together with increases in serum and
urine osmolality and electrolyte levels,
influences body fluid regulation by activating
hormonal regulatory factors, i.e. vasopressin,
renin and aldosterone .The levels of calcium
were increased in microgravity as compared
to control. Insufficient calcium consumption
leads to a reduction in serum calcium levels
and thereby to a secretion of parathyroid
hormone (PTH) and calcitriol synthesis. Both
a rise in PTH and calcitriol induce an increase
in calcium retention either from the intestine
or from bone. Based on that, a long-lasting
insufficient calcium intake together with
insufficient vitamin D are the main factors
leading to a decrease in bone mineral density
(Bronner , 1996) . The decreased levels of
vitamins E and C and increased in
malonaldehyde levels denoted increased in free
radical activity as in microgravity
environments (Bigard et al, 1998). So, the free
radical activity increased in microgravity as
compared to normal gravity. The 8-hydroxy
deoxyguanosine levels were increased in saliva
in microgravity environments' as compared to
normal, it may be due to increased in oxidative

stress (Bigard et al, 1998). The threshold for
MSG and capsaicin increased about 1.5
dilution step, while sodium chloride decreased
about 2 dilution during microgravity as
compared to normal. It might be due to fluid
shift mechanism.  Mild pain of teeth, facial
oedema, mild pain at mandibular angle
regions, pain in sublingual and submandibular
opening duct regions, abnormal facial
expression, loss of sensation of pain and
temperature, decreased tongue and
mandibular movements in simulation
microgravity environment were observed. It
could be due to physiological changes
including an upward shift of body fluids
toward the head, which may lead to an
attenuation of the olfactory component in the
flavour of foods, pressing the nerve regions or
dysfunction of nerve as well as increased
activity of b-AR agonists (Vicker et al, 2001).
These results suggest that reversible effect of
microgravity is oedema of face, change in taste,
abnormal expression of face, teeth pain and
xerostomia. The non reversible effects of
microgravity such as periodontal disease,
dental caries but in different pattern than
normal, stone formation in salivary duct, pre
cancer or cancer, fracture of maxillary and
mandibular bone and xerostomia are more
prevalent in astronauts as compared to normal
persons.

  Further study will be required on large scale
and on long term effects of microgavity on oral
cavity to prevent the adverse effects.
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INTRODUCTION

On long duration space flights such as mars
mission, astronauts undergo many
physiological changes such as loss of bone
mass, muscle strength, and cardiovascular
fitness, as a result of reduced metabolic
activities and lower cellular and tissue oxygen
demand 1. There is a balance within the body
between oxidant production and antioxidant
defences, with the balance shifted slightly in
favour of oxidants. Mainly products of this
"leakage" are the two ROS: superoxide radical
(O2_) and H2O2. Other ROS include free
radicals such as nitric oxide and compounds
such as ozone and HOCl. ROS can attack and
damage cellular constituents such as DNA,
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ABSTRACT

 Background: Microgravity is associated with an increased of peroxidative. The effect is more pronounced
after long duration space flight and can even last for several weeks after landing. Objective: To determine the
influence of a simulated microgravity on antioxidant status of the body, 10 healthy volunteers were studied
in condition before, during, and just after the simulated microgravity of -6 head -down -tilt (HDT) bed rest for
120 days. We measured the salivary and serum 8-hydroxydeoxyguanosine before, during and recovery of
HDT.

Results and conclusions: The 8-hydroxydeoxyguanosine showed significant increase in simulating
microgravity. The data provides evidence that oxidative stress is among critical nutritional concerns for long
duration space travellers.

Key words: Microgravity, 8-hydroxydeoxyguanosine, head -down -tilt

proteins, and membrane lipids. Oxidative
damage from free radicals to DNA and lipids
has been implicated in the etiology of a wide
variety of chronic diseases and acute
pathologic states. The chronic diseases range
from oral disease such as periodontitis and oral
cancer to cardiovascular disease and
neurodegenerative disease including
Alzheimer and Parkinson diseases.2-12It has
been observed that increased lipid peroxidation
in human erythrocyte membranes and
reductions in some blood antioxidants after
long-duration space flight 13-15 It has been
observed that  the urinary excretion of 8-iso-
prostaglandin F2_ and 8-oxo-7,8 dihydro-2
deoxyguanosine (8-OH dG) in six subjects
during and after long-duration space flight (90
to 180 d). Isoprostane 8-isoprostaglandin F2_
and 8-OH dG are markers for oxidative
damage to lipids and DNA, respectively 16-
17. Both non-radical and radical species have
been demonstrated to be capable of degrading
in vivo proteoglycans, which are the main
components of the basic substance of
connective tissue. Hyaluronic acid
depolymerization caused by ROS may be
characterized by glycoside bond fragmentation
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between monomers (between glucuronic acid
and acetylglucosamine)  18-19. Many other
extracellular matrix components
(collagen,fibronectin, laminin) have been
found to be degraded to low-molecular-
weight peptides. For homeostasis, extra- and
intra-cellular preventive mechanisms must
exist. This function is played by antioxidants,
which may be regarded as those substances
which, when present at low concentrations
compared with those of an oxidizable
substrate, will significantly delay or inhibit
oxidation of that substrate 19-20.

 There is no study on the correlation of blood
and saliva 8-OHdG   in simulating microgravity
environments. Hence, this study was designed
to examine oxidative marker 8 dihydro-2
deoxyguanosine (8-OH dG) concentration in
the blood and saliva of Normal healthy subject
in simulated microgravity condition of -6°
head-down-tilt (HDT) bed rest.

MATERIALS AND METHODS

The subjects of this investigation were 10
male  volunteers  aged (18-22 years, mean
weight of 72.5 +_  3.2 kg and  mean height of
174.9+_   3.4 cm) participated in  6°HDT bed-
rest exposure  and  who had not participated
in systemic endurance training for 100 day
prior to study and. Each Subject was given a
detailed explanation of the experimental
protocol and provided written and verbal
consent. Each subject completed a medical and
dental history questionnaire to determine the
status of systemic diseases, smoking, alcoholic
and drugs history as well as clinical
examination for systemic disease, chronic
diseases and oral & dental diseases. Persons
were excluded from study who has systemic
diseases, chronic diseases, oral& dental
disease, smoking, alcoholic and drugs history.
The average energy and calcium expended by
the subjects during the simulation was 2300
kcal/ day (range 2080-3010 kcal/day) and
1200 mg/day, respectively.

Blood and saliva samples were taken just
before HDT, throughout the time course of the
HDT, during and recovery. Subjects were

asked to awaken at 6 A.M. on the day of the
study and to remain seated or standing until
arrival at research centre .Baseline control
measurements were obtained during the hour
before HDT. At -9 A.M. the subjects were
transferred supine to a gurney and tilted to 6'
HDT, where they remained for the next 8 h.
At -5 P.M. till 10 day, after 10 day the subjects
were returned to a chair and remained in a
seated position for the 4-h recovery period.
Blood and saliva samples were prepared at the
same time.

Whole unstimulated saliva was collected
over a five-min period from subjects with
instructions to allow saliva to pool in the
bottom of the mouth and drain into a collection
tube, when necessary. Unstimulated whole
saliva produced in a 5-min period (about 3 mL)
was collected, allowed to drain into a plastic
container, and centrifuged at 3,000 ×g, in 4°C
for 5 min to remove bacterial and cellular
debris. Saliva samples were stored at -80°C
until analysis. Blood samples were collected
into Vacutainer tubes. The blood was
centrifuged at 1,700 g for 10 min and the
plasma was separated. Plasma was stored at -
80°C until analysis. Quantitative measurement
of the oxidative DNA adduct 8-OHdG was
performed according to the method described
by Toyokuni et al.21 Briefly, the saliva samples
were centrifuged at 10,000g for 10 minutes
and the supernatant was used to determine 8-
OHdG levels with a competitive ELISA kit
(Japan Institute for the Control of Aging,
Shizuoka, Japan). The determination range
was 0.5-200 ng/mL. Serum 8-OHdG levels
were measured in duplicate by a competitive
ELISA kit (OXIS, Portland, OR, USA)
according to the manufacturer's instructions.
The sensitivity of the method was 1 ng/ml.All
data were statistically analyzed using SPSS
statistical package (SPSS, version13,
Chicago,IL,USA). Data are expressed as mean
± standard deviation. Differences between
pre,during and after microgravity simulation
were analyzed for significance using one-way
ANOVA test. Correlation assessment was
performed using the Spearman correlation
analysis. Statistical significance was defined
as p< 0.05.
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RESULTS

The 8-OH dG level was statistically
significant  increased in simulating
microgravity condition as compared to before
and recovery stage , also relatively higher  in
recovery stage as compared  to before
simulation of microgravity  ( Table-1, P<0.05).
Serum and salivary  correlation ananlysis
revealed  strong and  highly significant
correlation for  8 -OHdG ( r=0.89)  in before ,
during  and in recovery  stimulated
microgravity.

DISCUSSIONS

In present study , serum and salivary  8-
OHdG  levels  were  increased in simulated
microgravity  environments  as compared to
before & recovery  simulated  microgravity  as
in previous studies 21-23. The simplest
explanation for the increased oxidative
damage simulated microgravity in humans is
that the increase is due to a combination of 1)
the consequences of the loss of protein
secondary to simulated reductive remodeling
of skeletal muscle from the decreased work
load on the antigravity muscles, 2) the
simulated microgravity protein depletion from
inadequate dietary intake, and 3) the increased
anabolism associated with protein repletion.
With increased generation of adenosine
triphosphate, leakage of ROS from the

mitochondrial electron transport chain will be
increased. 2 There is another factor that can
lead to decreased production of antioxidant
defenses postflight, which is the suboptimal
synthesis of host (defense) proteins. There is
some evidence that the synthesis of host
antioxidant protein defenses could be
suboptimal due to competition for amino acids
occurring between repleting muscle and other
tissues.24 The change we identified after the
exposure to microgravity are transient and
reversible.  Four hours the end of the exposure
to microgravity 8-OHdG , we examined  had
returned  to approximately same as that of
before. If enough time is given to marsonaunts
or astronauts to become its initial conditions
that would result in an undetectable condition
of risk.  The combination of muscle
decompensation and nutritional depletion
would place astronauts in this category. The
principal difference between the ground-based
exercise studies and the space-flight situation
is that the ground-based studies lack the
undernutrition component. Another difference
between the space-flight situation and the
groundbased exercise studies is that the
concerns of the latter are directed toward
performance, whereas for the astronauts the
concern is for long-term damage. So , in
Simulated microgravity may show less
oxidatative stress as compared to real
microgravity condition. Providing additional
dietary antioxidants during and recovery
process may decrease the oxidative damage.

 REFERENCES

1 Freed, L.E., Vunjak-Novakovic, G. Spaceflight

P<0.05
bioreactor studies of cells and tissues. Adv. Space
Biol. Med, 2002; 8: 177-195.

2. Halliwell B. Anti-oxidants and human disease:
a general introduction. Nutr Rev, 1997; 55: S44-
S52.

Table-1 Salivary and Serum  8 dihydro-2 deoxyuanosine ( 8-OH dG) concentration in 10
Normal healthy subject in before HDT (A), thought the time course of the HDT experiment
(B), and during recovery (C)

Salivary and serum 8-hydroxydeoxyguanosine level in  long term simulated microgravity



20

Journal of Aeronautic Dentistry, Medicine and Space Technology

10. Rai B, Jain R, Anand S C, Kharb S.  8-
hydroxydeoxyguanosine levels: Periodontitis in
smoker and non-smoker: a pilot study. J Pak Dent
Assoc, 2006; 15(2): 89-90.

11. Rai B, Simmi Kharb, Anand S C. Effect of scaling
and root planning on salivary 8-
 hydroxydeoxyguanosine levels : periodontitis.
J Pak Dent Assoc, 2007; 16(4): 189-91.

12. Rai B, Kharb S, Jain R, Anand S.C. Salivary
Lipid Peroxidation Product Malonaldehyde in
Various Dental Diseases. World J  Med Sci, 2006;
1 (2): 100-101.

13. Markin AA, Zhuravleva OA. Lipid peroxidation
and anti-oxidant defense system in rats after a
14-day space flight in the "Space-2044"
spacecraft. Aviakosm Ekolog Med, 1993;27:47-
50.

14. Markin AA, Popova IA, Vetrova EG, Zhuravleva
OA, Balashov OI. Lipid peroxidation and
activity of diagnostically significant enzymes in
cosmonauts after flightsof various durations.
Aviakosm Ekolog Med, 1997;31:14-8.

15. Markin AA, Zhuravleva OA. Lipid peroxidation
and indicators of anti-oxidant defence system in
plasma and blood serum of rats during 14-day
spaceflight on-board orbital laboratory
"Spacelab-2." Aviakosm Ekolog Med, 1998; 32:
53-5.

16. Loft S, Poulsen HE. Markers of oxidative damage
to DNA: anti-oxidants and molecular damage.
Methods Enzymol, 1999; 300: 166-84.

17. Awad JA, Roberts LJ II, Burk RF, Morrow JD.
Isoprostanes-prostaglandin-like compounds
formed in vivo independently of cyclooxygenase:
use as clinical indicators of oxidant damage.
Gastroenterol Clin North Am, 1996; 25(2): 409-
27.

18. Hollander J, Gore M, Fiebig R, et al. Spaceflight
downregulates anti-oxidant defense systems in
rat liver, 1998; 24(2): 385-90.

19. Çanakçi C. F., Tatar A., Çanakçi V., Cicek Y., Oztas
S. And Orbak R. New evidence of premature
oxidative DNA damage: mitochondrial DNA
deletion in gingival tissue of patients with
periodontitis. J. Periodontol, 2006; 77: 1894-1900.

20. Waddington R. J., Moseley R. and Embery G.
Reactive oxygen species: a potential role
in the pathogenesis of  periodontal diseases. Oral
Dis, 2000; 6: 138-151.

21. Toyokuni S, Tanaka T, Hattori Y, et al .
Quantitative  immunohistochemical
determination  of 8- hydroxyl-20-
deoxyguanosine  by a monoclonal antibody
N45.1:its application  to ferric  nitrilotriaacetate-
induced  renal carcinogenesis  model . Lab Invest,
1997; 76: 365-374.

22. Markin AA, Zhuravleva OA. Lipid peroxidation
and indicators of anti-oxidant defence system in
plasma and blood serum of rats during 14-day
spaceflight on-board orbital laboratory
"Spacelab-2." Aviakosm Ekolog Med, 1998; 32:
53.

23. Stein TP, Leskiw MJ, Schluter MD, et al. Energy
expenditure and balance during space flight on
the shuttle: the LMS mission. Am J Physiol
Endocrinol Metab, 1999; 276: R1739

24. Stein TP, Schluter MD. Plasma amino acids
during human space flight. Aviat Space Environ
Med, 1998; 70: 250.

Balwant Rai, Jasdeep Kaur



21

Volume 2 Number 1 January-June 2010

INTRODUCTION

Fewer than 20 lunar EVAs were performed
during the entire Apollo Program. Providing
the capability for humans to work productively
and safely while performing an EVA involves
many

important, medically related considerations.
Maintaining sufficient total pressure and
oxygen, other survival enmity is vital not only
to human health, but also to survival.

NASA report identifies and describes the
various risks and associated evidence as
follows:

*Risks to Crew Performance: EVA Suit
Design Parameters

*Risks to Crew Performance, Health, and
Safety: EVA Biomedical Monitoring and
Consumables

MANAGEMENT

*Risks to Crew Health: EVA Suit Design
Parameters

*Risks to Crew Health: Decompression
Sickness

Reprints Requests: Crew-78, MDRS, USA
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Risk of Compromised EVA Performance in MDRS: A personal views

ABSTRACT

Group program missions to the moon and Mars will include as many as 24 hours of EVA per crew member
per week, which will involve the performance of exploration, science, construction, and maintenance tasks.
The effectiveness and success of these missions is dependent on designing EVA systems and protocols that
maximize human performance and efficiency while minimizing health and safety risks for crew members.It
is very importantl to understand the effects of EVA system design variables such as suit pressure, weight/
mass, joint ranges of motion, and biomedical monitoring on the ability of astronauts to perform safe, efficient,
and effective EVAs. This report describe the problems faced by MDRS health officer during two weeks MDRS
mission.

*Risk to Work Efficiency: EVA Suit Design
Parameters

GROUND-BASED EVIDENCE

Physiologists and physicians are using
various analog environments to study the
effects of suit weight, mass, CG, pressure,
biomechanics, and mobility on human
performance. Test activities are designed to
characterize performance during ambulation
and exploration-type tasks such as ambulation
on both level and inclined surfaces,
ambulation while carrying a load, rock
collecting, shoveling, and kneeling. Other
studies examine recovering from a fall and
simple exploration and construction tasks
using hand tools and power tools. Data
collected include metabolic rates, subject
anthropometrics, time series motion capture,
ground reaction forces (GRFs), subjective
ratings of perceived exertion (RPEs) (1), and
operator compensation using a relative
subjective scale. The operator compensation
scale, the gravity compensation and
performance scale (GCPS), is modeled after the
Cooper-Harper rating scale (2) and is
described.

It has been suggested that EVA performance
on the lunar surface may not provide sufficient
loading to protect against bone loss, thus
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indicating the continued need for exercise
countermeasures (3). Recognizing that not all
ambulation on the moon will be similar to that
on a level treadmill, EPSP personnel have
initiated studies to characterize the effects of
incline and terrain on metabolic rate. Inclined
walking trials have shown that the metabolic
cost of the suit that is due to factors other than
suit weight goes to almost zero, indicating an
energy recovery component of the suit that is
currently not well understood (4). The studies
assessed crew performance of representative
planetary exploration tasks using a single EVA
suit weight with six different CG locations. A
reconfigurable backpack that has
repositionable weight modules was used to
simulate perfect, low, forward, high, aft, and
NASA baseline CG locations under the
assumption of a 60-lb. suit, a 135-lb. Portable
Life Support System (PLSS), and a reference
6-ft, 180-lb subject. Subjects used the GCPS
rating tool to evaluate the CG locations.

Thermal homeostasis of the crew member
is crucial for safe and effective EVA
performance. Heat storage above 480 Btu/hr
leads to performance decrements, such as a
loss of tracking skills and increased errors in
judgment, and tissue damage begins at 800
Btu heat storage (1-3). The observations from
the Gemini experience led to the development
of a liquid cooling system that could
accommodate high heat production in the suit
from high EVA workloads. This liquid cooling
garment (LCG) consists of a system of plastic
cooling tubes that run along the inside of an
undergarment that is worn inside the suit. The
temperature of the coolant (water) running
through the tubes regulates the amount of heat
that is removed from the surface of the skin.
The Apollo LCG had three temperature
settings: minimum (69.8°F/21°C),
intermediate (59°F/15°C), and maximum
(44.6°F/7°C) (4). Astronaut energy
expenditure rates during Apollo lunar surface
EVAs ranged from 780 to 1,200 Btu/hr, as
determined by three independent methods (5).
The lowest metabolic rates occurred while the
astronauts drove and rode in the lunar rover
vehicle, while the highest metabolic rates were
observed during egress/ingress through the
tight-fitting hatch of the lunar module,

offloading and setup of equipment, drilling,
and stowage of lunar samples. It is estimated
that 60% to 80% of the heat that was generated
with these workloads was dissipated through
the LCG. The minimum and intermediate LCG
settings were most commonly used; however,
the maximum setting was frequently used
during the high workload periods that were
experienced during Apollo 15 and Apollo 17
EVAs .

NUTRITION, HYDRATION, AND
WASTE MANAGEMENT

The longer and work-intensive EVAs that
are planned for future Exploration missions
will also need to account for astronaut
nutrition, hydration, and waste management.
Specifically, dehydration is an issue that can
lead to poor crew performance.

BIOMEDICAL MONITORING

Flight surgeons and biomedical engineers
(BMEs) in the Mission Control Center monitor
astronaut physical parameters during EVAs
to assess workload and performance. Real-
time medical monitoring can provide
emergency medical assistance in response to
off-nominal situations. However,
bioinstrumentation systems that were used in
the Apollo Program and are being used in the
Space Shuttle Program have been problematic.

RISK IN CONTEXT OF EXPLORATION
MISSION OPERATIONAL SCENARIOS

IN MDRS

 Current plans call for each crew member
to perform up to 24 hours of EVA per week It
is evident ce section of this chapter, the risks
that are associated with any inadequacies that
exist in current EVA suit designs - particularly
with respect to suit-induced trauma - will be
greatly amplified by such frequent EVAs.

Current CxAT-Lunar mission architectures
include small pressurized rovers (SPRs) as a
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core element of the surface mobility system.
The implications of SPRs on crew health,
safety, productivity, and efficiency are
potentially enormous. The availability of a
pressurized safe-haven within 20 minutes at
all times to provide DCS. Human Health and
Performance Risks of Space Exploration
Missions Chapter 14. Risk of Compromised
EVA Performance and Crew Health. Due to
Inadequate EVA Suit Systems 353 treatment,
SPE protection, and on-site treatment of or
medication for an injured crew member would
significantly reduce many of the risks
associated with planetary exploration.
Furthermore, because crew members would
be inside the SPRs during most surface
translations, the overall number of in-suit EVA
hours to achieve the same (or greater) science/
exploration return would be reduced. The
possibility of performing single-person EVAs
with a second crew member inside the SPR
would further reduce total EVA hours during
the lunar architecture to the same order of
magnitude as during ISS construction. As a
result, the number of cycles on the EVA suits
would be decreased, thereby increasing the life
of each EVA suit and reducing EVA risk for
crew members.

CONCLUSION

The CxP will be more dependent on EVA
excursions away from a pressurized habitat
or vehicle than any program in the history of
NASA. EVAs will be required to conduct
planned scientific expeditions, assemble
structures, perform nominal maintenance, and
intervene and solve problems outside of the
vehicle that cannot be solved either robotically
or remotely. The ultimate success of future
Exploration missions is dependent on the ability
to perform EVA tasks efficiently and safely in
these challenging environments.

With lunar missions planned for up to 30
times more EVA hours than during the Apollo
era, exploration missions to the moon and
Mars will present many new challenges with
regard to crew health, safety, and
performance. To date, our understanding of
human health and performance parameters

in partial-gravity environments is limited to
observations of, and lessons learned from,
Apollo-era astronauts who performed EV.

As on the lunar surface. Since the Apollo
Program, and using lessons learned from
microgravity EVAs aboard the space shuttle
and ISS, new prototype suits have been in
development for future space exploration
activities. However, to date there has been
limited quantification of the physiological and
biomechanical variables associated with suited
activities in unit and partial gravity. The
integrated human testing program that is
under way at NASA will help to better
characterize the impacts to crew health and
performance of the various parameters that
are involved in EVA suit design.

Collaborative work is also under way to
enable the development of suit technologies
that enhance crew comfort and efficiency;
provide for optimal nutrition, hydration, and
waste management; and reduce suit-induced
trauma and fatigue. These efforts will provide
objective data to enable informed
requirements and the design of Constellati on
suit systems that will provide sufficient
protection and life support for nominal zero-
G and surface activities, as well as survival
for contingency operations.
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APPENDIX A: GRAVITY
COMPENSATION AND PERFORMANCE

SCALE 24

The Cooper-Harper scale, which has been
in wide use since the late 1960s, permits
quantification of pilot perceptions of aircraft
handling characteristics. Most of the
participants in EPSP studies are astronauts,
many of whom are pilots and familiar with
the use of this scale; however, the scale itself
assumes a certain level of consistency in both
pilot skills and specifications of the desired
aircraft performance. In the development of
next-generation EVA suits for Exploration
missions, NASA requires controlled
evaluations of varied suit concepts across an
ambitious range of activities. These evaluations
must be performed by astronauts or test
subjects whose skills are limited to microgravity
and/or simulated partial-gravity
environments - far from equivalent to the
skilled pilot population for whom the Cooper-
Harper scale was originally designed.

EVA suit development for lunar and martian
surface operations will require a wide range
of evaluationsencompassing tasks as varied as
habitat building, traversing rocky terrain, core
sampling, shoveling, and, potentially, rescuing
an incapacitated crew member. In addition,
suit concepts vary widely in mass, weight, CG,
and pressure, and each must be evaluated
across this range of tasks. NASA does not
currently have rigorous performance measures
for such tasks, and the EPSP Project personnel
have begun the process of characterizing

human-suit system performance under a
variety of conditions and suit concepts using
available analog facilities.

Due to the many limitations of using the
Cooper-Harper scale under these
circumstances, scientists in the EPSP Project
adapted the Cooper-Harper scale to reflect
handling/controllability characteristics of task
performance in reduced-gravity environments
when compared relative to one's own shirt-
sleeved performance of the same task in 1g.
This modified scale, the GCPS, is shown on
the following page. Using this scale, a rating
of 2 during a suited experimental trial is
perceived by the subject to be equivalent to
his/her unsuited performance of the same task
in 1g, thereby providing a quantitative rating
of desired task performance in the suit.

As an example, a subject who is performing
a shoveling task while wearing a suit that has
a high-and-aft CG may rate the task
performance as a 5 because the selected CG
setting requires considerable effort/
compensation compared to performing the
same task unsuited with nominal CG. This new
tool is useful for comparing multiple subjects'
ratings of operator compensation that is
required to perform a variety of simulated
surface exploration tasks across a wide range
of suit concepts, configurations, and gravity
levels. 24 Modified from the Cooper-Harper
scale.

Chapter 14 Human Health and
Performance Risks of Space Exploration
Missions 358 Risk of Compromised EVA
Performance and Crew Health due to
Inadequate EVA Suit Systems.

GRAVITY COMPENSATION AND
PERFORMANCE SCALE (GCPS)

CONTROL

Risk of Operational Impact of Prolonged Daily
Required Exercise 359.

CHAPTER 15

135. Risk of Operational Impact of Prolonged
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questionnaires, flow charts, or other primarily-
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If you have any questions about the
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The Editorial Board reserves all the rights to
accept, alter or reject the article without any
prior notice. The Editorial Board accepts no
responsibility of the statements and opinion
expressed by the contributors. No payments
are made to the contributors.
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DECLARATION FORM

(Should be sent with original signatures by all authors alongwith one hard copy of the
article)

I hereby submit that the paper entitled “…………................................................................................................” along
with two photographs of mine. This paper is my original work and has neither been published anywhere
else, electronically or in print, nor has been submitted elsewhere simultaneously for publication. I have
agreed for this paper to be published in your renowned journal “Journal of Aeronautic Dentistry,
Medicine and Space Technology”.

I vouchsafe that the authorship of this article will not be contested by anyone whose names are not listed by
me here.

The article contains no libelous or other unlawful statements and does not contain any materials that violate
any personal or proprietary rights of any other person or entity.

We also agree to the authorship of the paper in the following sequence:

         Author’s Names in Sequence            Signatures of Authors

Thanking You,

Yours Sincerely,
Name & complete address

Mail to
Red Flower Publication Pvt. Ltd.
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IMPORTANT ANNOUNCEMENT

We pleased to inform that we have started a new branch of Red Flower Publication
Pvt. Ltd at Nagpur, Maharashtra. All of our local and nearby customers may also
contact about any kind of information regarding of our all publications and also
may send their orders directly to this office.

The complete address of our branch office

Mr. Arunkumar Gujar
C/O Khalatkar, Plot No 218

Hanuman Nagar
Nagpur- 440009

Maharshtra

Mob: 9326529638,9850314828

E-mail: arunkumar_gujar@rediffmail.com
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