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Abstract
Objective: Wound healing in an extreme environment with micro-
gravity is not well characterized, despite the likelihood that the in-
creasing use of manned spaceflight as a research and commercial en-
terprise raises the probability of traumatic injury in this state. Hence, 
this study was conducted to determine the impact of the isolated en-
vironment of the Mars Desert Research Station on mucosal immunity 
and wound healing. 

Materials and Methods: Two punch biopsy wounds were placed on 
the hard palate of two crewmembers. The first wound was made dur-
ing summer vacation, whereas the second was placed on the contra-
lateral side 3 days before the Mars analog mission began. Thus, each 
crewmember served as his/her own control. Two independent meth-
ods were used to assess healing. A ten-item perceived stress scale, 
salivary cortisol, Immunoglobulin A, IgG and IgM were measured. 

Results: There were significant differences in the proportion of the 
wound size healed between vacation and the mission. Salivary IgA, 
IgM, IgG and cortisol levels showed significant differences between 
vacation and mission. 

Conclusion: These data suggest that stress can have significant con-
sequences for wound healing. The effects of stress on wound repair 
could have important clinical implications, including for recovery 
from surgery.
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Özet
Amaç: Araştırma ve ticari amaçlı olarak insanlı uzay uçuşu kullanımı-
nın artmasıyla, bu durumda travmatik yaralanma ihtimalinin yüksel-
mesine karşın mikrogravite olan uç seviyede bir ortamda yara iyileş-
mesi iyi bir şekilde karakterize edilmemiştir. Dolayısıyla, bu çalışma 
Mars Çöl Araştırma İstasyonunda izole bir ortamın mukozal bağışıklık 
ve yara iyileşmesi üzerine etkisini belirlemek amacıyla yapılmıştır.

Gereç ve Yöntem: İki mürettebatın sert damağına iki biyopsi yara-
sı açıldı. İlk yara, yaz tatili sırasında ikincisi ise Mars analog misyonu 
başlamadan 3 gün önce kontra-lateral tarafına açıldı. Böylece, uçuş 
ekibinin her biri kendi kontrolü olarak değerlendirildi. İyileşmelerin 
değerlendirilmesinde İki bağımsız yöntem kullanılmıştır. On madde-
lik algılanan stres ölçeği, tükürük kortizol, Immunglobulin A, IgG ve 
IgM ölçüldü.

Bulgular: Tatil ve misyon arasında iyileşmiş yara büyüklüğü oranı 
açısından anlamlı fark bulunmuştur. Tükürük IgA, IgM, IgG ve kortizol 
seviyeleri tatil ve misyon sırasında anlamlı farklılık göstermektedir.

Sonuç: Bu veriler stresin yara iyileşmesi üzerinde önemli sonuçları 
olabileceğini düşündürmektedir. Yara tamiri üzerine cerrahi sonrası 
toparlanma dahil stresin önemli klinik etkileri olabilir.
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Introduction 

The buoyancy of humans during extreme space envi-
ronments has been demonstrated during missions to and 
around the moon [1]. A mission to Mars, however, requires 
humans to adapt to systemic and complex environments that 
stress the human body’s capacity. Astronauts will face both 

physiological and psychological extremes during the journey 
to Mars, while on its terrain, and during the return to Earth [2]. 
The effect of microgravity and the space environment during 
short- and long-duration space missions has important medi-
cal and health implications for astronauts [1-5]. However, little 
is known about wound healing in an extreme environment 
with microgravity, despite the likelihood that the increasing 



use of manned spaceflight as a research and commercial 
enterprise raises the probability of traumatic injury in this 
state. Published studies about wound repair in space have 
been confined to the repair of bone or muscle, which are two 
tissues that depend on biomechanical stimulation for their 
proper repair [6-8]. 

Oral wounds are fairly common mucosal wounds; healing 
in these tissues can provide insight into the susceptibility of 
other mucosal tissue to infection and their subsequent ability 
to repair. Reinstating the physical barrier provided by intact 
epithelium protects the host from infection after wounding 
and requires the orchestration of both recruited inflammatory 
and immunological cells and indigenous tissue cells [9, 10]. 
It has been reported that stress can alter multiple aspects of 
immune function, including the production of pro-inflamma-
tory cytokines that are important for wound repair. Because 
neutrophil function is also impaired by stress [9], distressed 
individuals face additional risks from infection after wound-
ing. The stressors in Antarctica (an isolated and extreme 
environment) are amplified by isolation and anxiety and have 
been shown to have a negative effect on the Cell-Mediated 
Immune (CMI) response [11]. To best of our knowledge, 
no study has been published on the effects of the isolated 
environment of the Mars Desert Research Station on oral 
mucosal immunity and wound healing. Hence, this study was 
conducted to determine the impact of the isolated environ-
ment of the Mars Desert Research Station on oral mucosal 
wound healing. 

Materials and Methods 

The two crewmembers were selected from the 100B 
ILEWG EuroMoonMars mission as EuroMoonMars was organ-
ised by ILEWG. One female crewmember was aged 26.6 
years, and one male crewmember was aged 27.7 years. One 
male crewmember from crew-78 of the MDRS in the USA 
was selected. The average caloric intake and average calcium 
intake of the crewmembers during the mission was 2400 
kcal/day (range 2090-3200 kcal/day) and 1267 mg/day (1130-
1400 mg/day), respectively. Dietary sodium and potassium 
intake was maintained at 98 (80-103) and 86 (75-120) mmol/
day, respectively. Water intake was ad libitum, and the aver-
age water intake was 1236 (68) mL/day. Written informed 
consent was obtained from the subjects. The first wound 
was placed during summer vacation, just before the begin-
ning of the selection procedure for the mission (MDRS). The 
side of the hard palate the first wound was placed on was 
determined by a coin toss. Approximately 20 weeks later, the 
second wound was placed on the contralateral side 2 days 
before the start of the mission. 

We followed standardized procedures for wound creation 
and assessment for 14 days [12]. The hard palate was anesthe-
tized using 2% Xylocaine, and a 3.5 mm wound was outlined 
between the palatal roots of the first and second molars, 
using an oral punch. A scalpel was then used to remove the 
surface epithelium and underlying superficial connective 
tissue, leaving a wound approximately 1.8 mm deep. The 
wound was not dressed. The subjects were instructed not to 
use rinses or other special home care other than normal oral 
hygiene. The size of the wound was assessed using a photo-
graph obtained with an intraoral camera. A standard-sized 
label placed adjacent to the wound was used to account for 
magnification and angulation errors. The images were blindly 
coded, and the wound and the standardized labels were mea-
sured. As the wound approached closure, which was deter-
mined by visual inspection (after at least day 5), the area was 
blotted dry with a gauze sponge, and 3% hydrogen peroxide 
was applied to the wound. The wound was considered nega-
tive for peroxide bubbling if it was negative for 2 consecutive 
days. The peroxide test for wound healing measures the qual-
ity of the epithelial barrier. If the epithelial barrier is intact, 
then the hydrogen peroxide does not diffuse into the con-
nective tissue, and little oxygen is liberated. If the barrier is 
incomplete, then bubbles of oxygen are visible on the surface 
of the wound. We have used this method in the skin model 
and in a mouse model and it correlates well with wound size 
measurements. The ten-item perceived stress scale, adminis-
tered at the time of the biopsy and every day up to day 14, 
measured the degree to which subjects perceived their daily 
life during the preceding week as unpredictable, uncontrolla-
ble, and overloaded. Subjects rated each item from 0 (never) 
to 4 (very often) [13]. Saliva samples were collected every 
day up to day 1. The samples were immediately frozen at -4C, 
centrifuged and analyzed for biomarkers.

 Salivary cortisol (Salimetrics Inc., PA, USA) was measured. 
Salivary unstimulated Immunoglobulin A, IgG and IgM were 
measured using ELISA kits (Biosource International, Camarillo, 
CA, USA). IL-1β levels were assessed using enzyme-linked 
immunosorbent assay (ELISA). Data were analyzed using 
SPSS, version 11 (SPSS, Chicago, IL, USA).

Results

Figure 1 shows differences in wound size between the 
summer vacation and mission time examinations, with the 
size of the wound expressed as a percentage of the initial 
(day 1) wound size for each set. The proportion of the wound 
area that was healed showed significant differences between 
vacation and mission time. During vacation, it took crew-
members an average of 15.78 days for the wound to heal 
completely, compared with 21.23 days during the mission. 
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Salivary IgA, IgM, IgG and cortisol levels showed significant 
differences between vacation and mission time (Figure 2-6). 
The average crewmember’s IL-1β level declined an average 
of 68% during the mission. The crewmembers reported sig-
nificantly more stress on the Perceived Stress Scale during 
the mission than during summer vacation. The mean stress 
level was 7.67 at the time of the first wound and 6.09 3 days 
later; in contrast, scores increased sharply before and during 
missions. There was good correlation between wound heal-
ing and IgA, IgM, IgG, cortisol, IL-1β (r=0.57, r=0.57, r=0.58, 
r=0.67, r=0.87, respectively). Additionally, we found good 
correlation between the perceived stress scale and cortisol 
level (r=0.76).

Discussion
 
The average time of wound healing was longer during 

the mission, which is consistent with the results of other 
studies [10, 12]. This impaired healing is due to stress, which 
is induced from an isolated, international, multi-cultural 
work environment [14, 15]. Salivary IgA, IgM, IgG and cortisol 

levels showed significant differences between vacation and 
mission time. This difference might be due to compromised 
mucosal immunity. Mucosal immunity, in connection with 
innate non-specific factors, is the first line of defense against 
antigens presented at the mucosal surface [16]. Secretory 
IgA (IgA), and to a lesser extent secretory IgM (IgM), anti-
bodies play major roles in effective specific immunity [16]. 
Immunoglobulin G plasma cells are less common at the 
mucosal surface, but serum-derived and locally produced 
IgG antibodies are important in protection of the respiratory 
tract [17]. Alterations in IgG and albumin concentrations in 
mucosal secretions provide markers for increased membrane 
permeability, dehydration due to flow rate changes and 
sample deterioration. Salivary IgA, IgM, and IgG are well-
accepted indicators of activity of the mucosal immune sys-
tem and have been used to characterize the effects of many 
stressors. The salivary cortisol level, which is a biomarker 
of stress, increased during the mission [3]. Additionally, the 
crewmembers reported significantly more stress on the 
Perceived Stress Scale during the mission, which is consistent 
with previous studies [10, 12]. A good correlation between 
the perceived stress scale and cortisol level was found. A 
finding consistent with the group differences in wound repair 
was that mission members also produced less interleukin-β 
in response to lipopolysaccharide stimulation. There was 
good correlation between wound healing and interleukin-β 
levels, which demonstrates a cause-and-effect relationship 
between interleukin-1β and wound healing. Interleukin-β 
that is produced soon after tissue injury can regulate the 
production, release, and activation of metalloproteinases, 
which are important in the destruction and remodeling of 
the connective tissue matrix. Interleukin-1β also regulates 
fibroblast chemotaxis and the production of collagen [18] 
and stimulates the production of other cytokines important 
for wound healing [18]. The greatest differences in wound 
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Figure 1. Average wound size during summer vacation and mission time.

Figure 2. Salivary IgA levels during summer vacation and during the 
mission.

Figure 3. Salivary IgM levels during summer vacation and during the 
mission.



size were apparent early in the process; the differences in 
interleukin-1β between the two environments suggest that 
local production of this cytokine by leukocytes might be one 
immunological mechanism underlying the observed differ-
ences in wound repair. There was good correlation between 
wound healing and salivary IgA, IgM, IgG, cortisol, and IL-1β. 
Therefore, we can use these salivary markers to monitor stress 
and immune parameters during the selection of astronauts, 
during the mission and after the mission because they are 
noninvasive, cost-effective, less time-consuming, easy to use 
and non-infectious [3]. The integrity of mucosal immunity 
can be compromised by many factors, several of which affect 
expeditioners during an MDRS Mission.

 This study presents the first data on mucosal immune 
parameters in MDRS expeditioners. The changes observed 
over the Antarctic season were significant, and they sup-
port the original concern that severe immune suppression 
occurred during time at the MDRS. The limitations of this 
study include its short duration, the use of only two crew-

members, and the fact that additional factors such as diet, 
sleep, and other activities were not taken into account. Thus, 
further studies are required to identify the causes of the 
changes in mucosal immunity during time at the MDRS and 
any implications for monitoring the health of future MDRS 
expeditioners.
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