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Abstract
The Antarctic milieu comes with extreme cold, intense UV radiation, white-outs, varying magnetic fields, sleep 

deprivation, altered circadian biorhythms, memory loss, isolation,-causing significant physiological and psychological 
stresses. These conditions closely resemble space travel, with striking similarity in character of peculiar climate, 
remoteness, constrained living spaces, disturbed sleep cycles, and environmental stress. Due to its extreme weather 
conditions, and unique geo-location around the South Pole, it is one of the last frontiers for the human race. Thus 
the geographic isolation and prolonged stressful stay at Antarctica makes it interesting to study the body responses 
of expeditioners under extreme environmental conditions.

Two teams participated in the study, in 28th Indian Scientific Expedition to Antarctica. The first team included 
members for short “summer” expedition, while the second team as “Winter team”, included members exposed for 
long term to Antarctic environment. The present study was performed to study the changes occurring in proteomic 
profile related to immune system. Blood samples were collected in chronological sequence, including i) baseline 
control ii) during ship journey and iii) at Maitri (Antarctica), during the months of March, May, August and November. 
The sera samples collected were subjected to differential expression of protein analysis by 2D Gel electrophoresis 
followed by MALDI-TOF analysis. Catecholamine was also estimated as a measure of stress. Results of 2D gel and 
MALDI-TOF-TOF analysis revealed significantly increased level of Complement Factor 3 during ship journey and 
during peak winter in August. Further detailed analysis of complement pathway by ELISA revealed activation of 
complement system during the acute and chronic stress of Antarctica.
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Introduction
It is only since last 50 years, that humans have expressed their 

interest in Antarctica for permanent inheritance [1]. Earlier Antarctica 
was visited only by expeditioners and logistic personnel in groups, and 
these groups constituted the total population of about 2500 per year 
in summers, which would go down to 800 in winters. Whereas with 
the advancement in the communication technology and facilities the 
place has become an attraction for adventurous tourists who make the 
number to go up to 26,000 in summers, but during winters the number 
remains approximately the same [2]. Many aspects of Antarctic life 
have become the topic of medical research over recent years and several 
articles have been published on the lifestyle of Antarctic expeditioners 
[3]. However, interest has also grown in what is hiding in nature at 
the bottom of the Earth. Humans have learnt a great deal about the 
provision of health care in this remote environment and at the same 
time have also used Antarctica as a laboratory, to expand the knowledge 
of physiology, psychology and other body systems of mankind [4].

The Antarctic stations offer a unique research environment, 
in the field of biomedical research, providing the real opportunity 
for evaluation of human physiology and body responses to adverse 
conditions in isolated environments [5-8]. These stations built within 
Antarctica provide simulated environment to prepare space crews for 
their missions [9], to study atmospheric, geological and biomedical 
research sciences as an analogue of space on earth [10]. These stations 
also simulate the typical environment in submarines, and underwater 
habitats and provide a real-life and real-time observations of human 
behaviour and experience similar to these conditions.

The visiting population is always fit; usually young, consumes the 
same diet, experiences the same environment, isolated from the rest of 
the world for long periods, and is subjected to great seasonal differences 
in temperature and sunlight in terms of light and dark cycles [11,12]. 
However, a healthy, transient population participating in wintering 
over in Antarctica, generally comes from the densely populated 
regions, and suddenly gets confined to this extreme environment [11]. 
These expeditioners are totally physically isolated for periods of 8 to 
13 months [13,14]. Such population remains away from urban life and 
thus not exposed to pollution and other health affecting agents such as 
infectious organisms and parasites [15-17].

Past 30 years of research in the field of psychoneuroimmunology, 
have convincingly established that stressful experiences alter features of 
the immune response as well as confer vulnerability to adverse medical 
outcomes that are either mediated by or resisted by the immune system. 
However, studies have not yet explored the link between different body 
systems. It is interesting to determine the changes in various immune 
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immediately after the start of the journey, which continued for 30 days. 
Third blood collection was performed after being off board at Maitri 
station after 30days i.e. in the month of March. For long term exposure 
study, additional blood samples were collected subsequently in four 
different stages of the after one, three, six and nine months viz. in the 
months of March, May, August and November.

Blood was drawn (10 ml) after overnight fasting and in the morning 
between 6 and 7 AM, and collected in unheparinised vials; incubated 
for 1 hr at 37°C. The clear serum was collected in small aliquots and 
stored at -70°C, for further analysis.

Two dimensional gel electrophoresis

Sample preparation for 2D gel electrophoresis: The sera samples 
were depleted of the high abundant proteins using Proteoprep-
Blue albumin & IgG depletion kit (Sigma Aldrich, St. Louis, MO), 
according to the manufacturers protocol. The depleted sera samples 
were precipitated using 10% TCA in acetone. The precipitated protein 
pellet was dissolved in lysis buffer (8M urea, 2M thio-urea, 40mM 
Tris-HCl, 4% (w/v) CHAPS, and 0.5% Igepal CA-630) and the protein 
concentration was determined using bicinchoninic acid assay (BCA 
assay) (Sigma, USA). The depletion pattern was quantitatively and 
qualitatively determined on 10% SDS PAGE.

Iso-electric Focussing (IEF) using the protean IEF cell: 
Immobilized linear pH gradient strips (17 cm, pH 3-10, Bio-Rad), 
were rehydrated with the individual sera samples, {500 μg of protein, 
in 325 μl of rehydration buffer solution containing 7 M urea, 2 M 
thiourea, 1.2%, w/v CHAPS, 0.4 % w/v ABS-14, 20 mM dithiothreitol 
(DTT) , 0.25%, v/v, pH 3-10 ampholytes and 0.005% w/v bromophenol 
blue (BPB)}, for 18 h without current (passive rehydration). IEF was 
conducted using a Protean IEF Cell (Bio-Rad), according to following 
IEF conditions: Procedure: 250 V for 1 h (slow ramping), changing the 
wicks every 30 min (to assist removal of ionic contaminants), 1000V 
for 1h, linear ramping 10000 V to over 3 h and a constant of 10000V 
until approximately 60 kVh was reached. Strips were removed and 
stored at-80°C until run on the second dimension.

Second-dimensional SDS-PAGE: Prior to SDS-PAGE, the IPG 
strips were equilibrated with equilibration solutions twice for 15 min 
with gentle shaking. The first equilibration solution contained 50 mM 
of Tris-HCl, pH 8.8, 6M urea, 30% v/v glycerol, 2% w/v SDS, 1% w/v 
DTT and 0.01% w/v BPB. In the second equilibration solution, DTT 
was replaced with 2.5% (w/v) iodoacetamide. The equilibrated IPG 
strips were slightly rinsed with milli-Q water, blotted to remove excess 
equilibration buffer and then applied to SDS-PAGE gels (20 cm × 20 
cm × 1 mm 8-19% polyacrylamide (30% (w/v) acrylamide, 0.8% (w/v) 
bis-acrylamide, using a PROTEAN II XL system (Bio Rad), at 10 mA 
per gel for 30 min followed by 35 mA per gel for 12 h.

Protein visualization: Proteins were visualized using modified 
silver stain procedure compatible with Mass Spectrometry. Following 
sliver staining method, the gels were fixed in 50% v/v methanol, 12% 
v/v acetic acid and 0.05% v/v formaldehyde for at least 2 h. The fixed 
gels were rinsed with 50% v/v ethanol three times for 20 min each, then 
again sensitized with 0.02% w/v sodium thiosulfate followed by three 
washings with milli-Q water each for 20 secs. The gels were immersed 
in 0.1% w/v silver nitrate and 0.075% v/v formaldehyde for 20 min and 
rinsed with milli-Q water twice for 20 secs each and developed with 6% 
sodium carbonate and 0.05% v/v formaldehyde. Finally, the reaction 
was terminated by fixing with 50% v/v methanol and 12% v/v acetic 
acid. The stained gels were imaged using an Investigator TM ProPic II 
Genomics Solutions.

system pathways leading to susceptibility to disease onset under 
stressful conditions.

Complement proteins have many beneficial effects in terms 
of immunologic defence. However inappropriate activation of the 
cascade can lead to tissue damage [18,19], which eventually culminates 
into autoimmune conditions in which the cascade is activated by 
“self”; this can be observed in the inflamed synovium of patients with 
rheumatoid arthritis [20] and systemic lupus erythematosus [19]. There 
is preliminary evidence that psychological stress may also perturb the 
complement cascade, even in healthy individuals [21]. Naturalistic 
stressors have been associated with increases in the levels of C3 and 
C4, which are the two key components of the complement cascade. In 
students who perceived the examination as highly stressful both C3 and 
C4 were elevated immediately before an academic examination, which 
were normal 6 weeks before the examination [22]. Complement levels 
have also been investigated in men who were subjected to repeated 
simulations of emergency evacuation procedures for sea-based oil 
platforms; this was considered a short-term naturalistic stressor [23].

The stress and complement proteins constitute an important part 
of the immune system. Hence in this study the differential protein 
expression and detailed study of complement activation pathways 
during the short summer stay and long winter stay, was evaluated to 
understand the effect of Antarctic condition on immune system of the 
Indian expeditioners.

Materials and Methods
The study was approved by Institutional Human Ethics Committee 

(IHEC) of DIPAS (DRDO, MOD, India); and a written consent 
was obtained from each individual included in the study. Necessary 
permissions from the National Centre for Ocean and Antarctic 
Research (NCAOR) and the Ministry of Earth Sciences, Government 
of India, was obtained to perform the study. The project was sanctioned 
by DRDO (Ministry of Defence, India).

Subjects

The 28th Indian Scientific Expedition to Antarctica consisted of two 
groups with thirty summer (27 males and 3 females; median age: 37) 
and 22 winter members (all males; median age: 36 years), having both 
civilian scientists and service personnel.

The team had undergone pre-departure clinical, psychological, and 
laboratory examinations at All India Institute of Medical Sciences, New 
Delhi, India, to ensure a healthy population for the expedition. 

During the ship journey, after crossing 40°S latitude, 24 out of the 
30 volunteers suffered from seasickness, when the ship underwent a 
significant ‘Rolling and Pitching’ in the turbulent ocean. Thereafter, 
during the stay at Maitri, most of the members suffered with memory 
loss and sleep deprivation. However, during the entire duration of 
the expedition, members were provided with food native to them. 
None of the subjects used any drugs that could significantly affect the 
physiological or biochemical parameters, or had symptoms indicative 
of any infection.

Blood collection

For both short and long term exposure study, blood samples were 
collected at different stages of the expedition-viz. the pre-exposure 
blood was collected at Delhi two months before the departure of the 
expedition in October, as base line control for both the teams. For 
second time blood was collected on board to Antarctica in January, 
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In-gel digestion: The silver stained differentially expressed gel 
spots were excised manually and were subjected to destain with 30mM 
potassium ferricyanide and 100 mM sodium thiosulfate (1:1). The 
destained gel spots were washed thrice with the milli Q water and 
subsequently with 10mM ammonium bicarbonate and acetonitrile 
(1:1). The gel spots were rehydrated with10 mM ammonium 
bicarbonate, dehydrated again with acetonitrile, and dried down by 
speed Vac (Heto MAXI dry plus, UK). Freshly prepared trypsin (20 
ng/ml) (sequencing grade, Promega, Madison, WI), was added to the 
dried gel spots and incubated for 30 min at 4°C and overnight at 37°C. 
The tryptic digested peptides were extracted by sonicating with 50% 
acetonitrile and 0.1% TFA and were dried in Speed Vac.

Identification of differentially expressed proteins: The extracted 
peptides were resuspended in 5 μL of 50% v/v acetonitrile: 0.1% v/v 
TFA. The resolubilized peptides were mixed with saturated solution 
of cyano-4-hydroxy-cinnamic acid matrix (1:1) (CHCA, Bruker 
Daltonics), and were spotted onto the MALDI target plate and allowed 
to air dry. The spectra were acquired by MALDI-TOF/TOF (Ultraflex 
III, Bruker Daltonics, Bremen, Germany) in the positive ion mode 
at the accelerating voltage of 25 kV under the Flex Control software 
(Version 3.0, Bruker Daltonics). Before the analysis, the instrument was 
calibrated with mass standards: bradykinin (m/z 757.39), angiotensin II 
(m/z 1046.54), angiotensin I (m/z 1296.68), substance P (m/z 1347.73), 
bombysin (m/z 1619.82), ACTH fragment 1-17 (m/z 2093.08), ACTH 
fragment 18-39 (m/z 2465.39), and somatostatin (m/z 3147.47). 
For peptide mass fingerprinting (PMF), the generated peptide mass 
list was exported to Biotools (Version 3.1, Bruker Daltonics) using 
Flex Analysis 3.0 and submitted to in-house licensed version of the 
MASCOT database search engine (Matrix Science, Boston, MA). The 
SWISS-PROT database was used with the following search parameters; 
Human taxonomy with-100ppm peptide mass tolerance, 1 maximum 
missed cleavage sites permitted, and carbamidomethyl (cysteine) 
as fixed modification. Proteins that returned MOWSE scores over a 
threshold 56 were considered significant. For each identified protein, 
at least one peptide was selected for confirmation by MS/MS analysis. 
The MS/MS spectra were acquired in LIFT mode using the same spot 
on the target and fragment mass tolerance of -0.8 Da. All the peptide 
mass values are monoisotopic.

Enzyme linked immunosorbent assay for components of 
complement system

C3, C4 (Assaypro, Inc.), C3a, C4a, C5a (QND biosystems, Inc.), and 
Complement Factor B (Qayee bio, China) were estimated by ELISA. 
Breifly, the Microtiter plate provided was pre-coated with an antibody 
specific to human C3, C4, C3a, C4a, C5a and Complement Factor B 
components. Standards and samples were added to the plate followed 
by a biotin conjugated antibody preparation specific for C3, C4, C3a, 
C4a, C5a and Complement Factor B components respectively. A 
solution of avidin conjugated to HRP was added. Colour was developed 
using TMB as substrate. The substrate initiated a peroxidase-catalyzed 
color change, which was stopped within 15 min by acidification with 
stop solution. Absorbance was measured at 450 nm.

Estimation of catecholamine

Catecholamine was estimated by a kit following manufacturer 
instructions (Cusabio biotech CO., LTD, China). The Microtiter 
plate provided in the kit was pre-coated with an antibody specific 
to Catecholamine. Standards and samples were added to the plate 
followed by a biotin conjugated antibody preparation specific for 

Catecholamine. Then a solution of Avidin conjugated to HRP was 
added. The Penultimate step included addition of TMB substrate. The 
final step included termination of reaction by addition of 1N sulphuric 
acid solution. Absorbance was measured by ELISA reader (Biotek, 
USA) at 450 nm.

Statistical analysis 

For MALDI TOF analysis: MASCOT probability-based MOWSE 
(molecular weight search) score calculated for PMF. Protein score 
is-10*Log (p), where p is the probability that the observed match 
is a random event and greater than 56 are significant (p<0.05) was 
considered significant.

For ELISA results, values are represented as mean ± standard error 
(SE). Comparison between results was performed using the Repeated 
Measure ANOVA with time as the factor. Results of all the parameters 
were compared at different time points with each other. The alpha value 
of ≤ 0.05 was considered significant. Entire analysis was conducted 
using SPSS 16 software.

Result
Summer study

2-D Gel Electrophoresis and MALDI TOF analysis: The sera 
proteomes of Antarctic exposed summer and winter members were 
resolved by 2-DGE and compared with baseline control to identify 
differentially expressed proteins. Comparative gel analysis resulted in 
the identification of differentially expressed spots (Figure 1a-1f), which 
were further excised from gels and identified using MALDI-TOF/TOF 
and MS/MS analysis (Figure 1g). In the MALDI-TOF analysis the 
Mascot Score is considered significant if the protein score is greater than 
56. The Concise Protein Summary Report is as follows: CO3_HUMAN 
Mass: 188569 Score: 123 Expect: 1e-08 Matches: 25 Complement C3 
OS=Homo sapiens GN=C3 PE=1 SV=2.

Estimation of various component of complement system: Based 
on the findings of MALDI-TOF analysis, the complement activation 
was further comprehensively elucidated for the understanding of the 
mechanism by ELISA.

      

Significant Score for 
Complement Protein C3 

 

 

Figure 1: Representative 2-D gel images of Antarctic exposed Human Serum 
following albumin and IgG depletion. Proteins (500 μg) were separated by 
IEF using pH 3-10, 17 cm IPG strips (BioRad, USA) and 12% SDS PAGE. 
The gels were silver stained and analyzed by Progenesis Same spots 2D 
gel image analysis software (Nonlinear Dynamics). (a) Control (b) Ship 
Journey (c) March (d) May (e) August (f) November. Spot numbers represent 
differentially expressed proteins during ship journey and Antarctic stay 
compared to control. (g) Mascot Score Histogram: Protein score is -10*Log 
(P), where P is the probability that the observed match is a random event. 
Protein scores greater than 56 are significant (p<0.05).
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Summer study estimations

Complement C3: Complement C3 levels were determined in the 
stressful environmental conditions of southern ocean and Antarctica. 
The mean level of Complement C3 was 1.165 ± 0.0756 mg/ml before 
proceeding to Antarctica which is considered as control. The levels 
increased to 1.504 ± 0.129 mg/ml (ap=0.036; ap<0.05 vs control), after 
being one month on-board in southern ocean. The Complement C3 
levels reduced to 1.271 ± 0.0534 mg/ml after being one month off-board 
at Maitri as compared to control. On the whole, stressful environmental 
conditions lead to increased levels of Complement C3 Figure 2a.

Complement C4: The level of Complement C4 was 0.862 ± 0.0115 
mg/ml before proceeding to Antarctica. The levels increased to 0.868 
± 0.116 after being one month on-board which was not significant. 
The C4 levels remained 0.868 ± .099 mg/ml after being one month off-
board at Maitri as compared to control. Levels of C4 were not altered 
significantly during ship journey and at Maitri as compared to the 
levels of control Figure 2b.

Complement C3a component: C3a levels were determined in the 
stressful environmental conditions of southern ocean and Antarctica. 
The mean level of C3a was 1.310 ± 0.156 μg/ml before proceeding to 
Antarctica. The levels increased to1.716 ± 0.19μg/ml (ap=0.045; ap<0.05 
vs control; bp=0.033, bp<0.05 vs Maitri) after being one month on-
board in southern ocean. The C3a levels reduced to 1.196 ± 0.134 μg/
ml after being one month off-board at Maitri as compared to control 
Figure 2c.

Complement C4a component: The level of C4a was 0.75 ± 0.023 
μg/ml before proceeding to Antarctica. The levels increased to 0.814 ± 
0.031 μg/ml after being one month on-board which was not significant. 
The C4a level decreased to 0.796 ± 0.018 μg/ml after being one month 
off-board at Maitri Figure 2d.

Complement C5a component: The level of C5a was 1.58 ± 
0.077 μg/ml before proceeding to Antarctica. The levels increased 
significantly to 2.508 ± 0.049 μg/ml (ap=0.004; ap<0.05 vs control) after 
being one month on-board as compared to control. Further, the C5a 
level decreased to 1.66 ± 0.129 μg/ml (bp=0.011; bp<0.05 vs Maitri) after 
being one month off-board at Maitri. (Figure 2e).

Complement Factor B: The mean level of Factor B was 91.5 ± 7.1 ng/
ml before proceeding to Antarctica which is considered as control. The 

level significantly increased to 133.7 ± 9.13 ng/ml (ap=0.004; ap<0.05 vs 
control), after being one month on-board in southern ocean. The level 
came down to 111.4 ± 7.8 ng/ml after being one month off-board at 
Maitri as compared to control. On the whole, stressful environmental 
conditions lead to increased levels of Factor B. (Figure 2f).

Figure 2a: Changes in Complement C3 level in Indian Antarctic expeditioners 
before leaving India (Control), after one month ship journey and after one 
month stay at Maitri Antarctica (Maitri). Data presented as Mean ± SE. 
(ap<0.05 vs control).

Figure 2b: Changes in Complement C4 level in Indian Antarctic expeditioners 
before leaving India (Control), after one month ship journey and after one 
month stay at Maitri Antarctica (Maitri). Data presented as Mean ± SE.

Figure 2c: Changes in Complement C3a level in Indian Antarctic expeditioners 
before leaving India (Control), after one month ship journey and after one 
month stay at Maitri Antarctica (Maitri). Data presented as Mean ± SE. 
(ap<0.05 vs control; bp<0.05 vs Maitri).

Figure 2d: Changes in Complement C4a level in Indian Antarctic expeditioners 
before leaving India (Control), after one month ship journey and after one 
month stay at Maitri Antarctica (Maitri). Data presented as Mean ± SE.
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Winter study estimations

Complement C3The Complement C3 level in base line-control 
was 0.935 ± 0.104 mg/ml which increased to1.045 ± 0.115 mg/ml in 
the month of March. It was further increased to 1.566 ± 0.173 ng/ml 
(ap=0.035; ap < 0.05 vs control; bp=0.028; bp<0.05 vs November) and 
1.554 ± 0.1099 mg/ml (cp=0.041; cp < 0.05 vs control; dp=0.033; dp<0.05 
vs November) in the months of May and August which reduced to 
0.828 ± 0.189 mg/ml in the month of November Figure 2g.

Complement C4: The level of Complement C4 was not significantly 
altered during the isolation at Antarctica. The Complement C4 level in 
base line-control was 0.868 ± 0.0127 mg/ml which increased to 0.872 ± 
.0086 mg/ml in the month of March. It was decreased to 0.873 ± 0.005 
mg/ml and 0.875 ± 0.009 mg/ml in the months of May and August 
respectively in comparison to control. Further the level decreased 
to 0.865 ± 0.015 mg/ml in the month of November. The levels were 
significantly not altered, Figure 2h.

Complement C3a component: The level of C3a was significantly 
altered during the isolation at Antarctica. C3a level in base line-control 
was 1.198 ± 0.16 μg/ml which increased to1.354 ± 0.146 μg/ml in the 
month of March. It was further significantly increased to 1.798 ± 0.139 
μg/ml and 2.249 ± 0.194 μg/ml (ap=0.003, ap<0.05 vs control & bp=0.014, 

bp<0.05 vs March) in the months of May and August respectively in 
comparison to control. The level insignificantly decreased to 2.093 ± 
0.194μg/ml in the month of November, Figure 2i.

Complement C4a component: The level of C4a was not altered 

Figure 2e: Changes in Complement C5a level in Indian Antarctic expeditioners 
before leaving India (Control), after one month ship journey and after one 
month stay at Maitri Antarctica (Maitri). Data presented as Mean ± SE. 
(ap<0.05 vs control; bp<0.05 vs Maitri)).

Figure 2f: Changes in Factor B level in Indian Antarctic expeditioners before 
leaving India (Control), after one month ship journey and after one month 
stay at Maitri Antarctica (Maitri). Data presented as Mean ± SE.  (ap<0.05 vs 
control). 

Figure 2g: Variation of Complement C3 level in Indian Antarctic expeditioners 
before leaving India (Control) and during stay at Maitri, Antarctica in the 
months of March, May, August and November. Data presented as Mean ± 
SE. (ap<0.05 May vs control; bp<0.05May vs November; cp<0.05 August vs 
control; dp<0.05 August vs November).

Figure 2h: Variation of Complement C4 level in Indian Antarctic expeditioners 
before leaving India (Control) and during stay at Maitri, Antarctica in the 
months of March, May, August and November. Data presented as Mean ± SE.

Figure 2i: Variation of Complement C3a level in Indian Antarctic expeditioners 
before leaving India (Control) and during stay at Maitri, Antarctica in the 
month of March, May, August and November. Data presented as Mean ± SE. 
(ap<0.05 August vs control; bp<0.05 August vs Mar).
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significantly during the isolation at Antarctica. The C4a level in base 
line-control was 0.83 ± 0.06 μg/ml which was 0.77 ± 0.04 μg/ml in 
the month of March. The levels were 0.79 ± 0.056 μg/ml and 0.84 ± 
0.066 μg/ml in the months of May and August respectively. Further the 
level insignificantly decreased to 0.72 ± 0.055 μg/ml in the month of 
November Figure 2j.

Complement C5a component: The level of C5a was significantly 
altered during the isolation at Antarctica. The Complement C5a level 
in base line-control was 1.56 ± 0.078 μg/ml which came down to 1.50 ± 
0.090 μg/ml in the month of March. It was increased to 2.34 ± 0.11 μg/
ml (ap=0.022, ap<0.05 vs Control; bp=0.018, bp<0.05 vs March; cp=0.008, 
cp<0.05 vs November) and 2.165 ± 0.086 μg/ml (dp=0.032, dp<0.05 vs 
Control; ep= 0.031, ep<0.05 vs March; fp=0.023, fp<0.05 vs November) 
in the months of May and August respectively, in comparison to 
control. The level decreased to 1.23 ± 0.122 μg/ml in the month of 
November figure 2k.

Complement factor B: The level of Factor B was significantly 
altered during the isolation at Antarctica. The Complement Factor B 
level in base line-control was 82 ± 4.9 ng/ml which increased to 88 ± 
5.2 ng/ml in the month of March. It was further increased significantly 
to189 ± 24.8 ng/ml (ap=0.012, ap<0.05 vs Control; bp=0.017, bp<0.05 
vs March; cp=0.022, cp<0.05 vs November) and 227.9 ± 33.8 ng/ml 
(dp=0.003, dp<0.05 vs Control; ep=0.004, ep<0.05 vs March & fp=0.009, 
fp<0.05 vs November) in the months of May and August respectively 
in comparison to control and March. Further the level insignificantly 
decreased to 84.3 ± 14.4 ng/ml in the month of November figure 2l.

Estimation of catecholamines in summer study

The level of Catecholamine was 415.4 ± 28.7 mg/dl before 
proceeding to Antarctica. The levels significantly increased to 893.3 ± 
64 mg/dL (ap<0.001, ap <0.05 vs control; bp<0.001, bp <0.05 vs Maitri) 
after being one month on-board. However, the Catecholamines levels 
decreased to 377.4 ± 27 mg/dL after being one month off-board at 
Maitri as compared to control figure 3a.

Estimation of catecholamines in winter study

Catecholamine was measured in the sera samples of Antarctic 
wintering personnel at different time points as shown in Figure 3b.The 
level of Catecholamine was significantly altered during the isolation 

at Antarctica, as the level in base line-control was 427.69 ± 32.2 ng/
ml which decreased to 408.55 ± 90.06 ng/ml, in the month of March. 
It was further increased to 536.37 ± 80.35 ng/ml and 738.547 ± 103.3 
ng/ml (ap=0.009, ap<0.05 vs Control; bp=0.006, bp <0.05 vs March) in 
the months of May and August respectively. However the level was 
decreased to 573.322 ± 74.5 ng/ml in the month of November. The data 
indicates that the level of catecholamines was increased significantly 
in the months of May, August and November as compared to the base 
line level.

Discussion
In today’s world humans rarely face a stimulus which evokes fight-

or-flight responses, which were very common to our ancestors, such as 

Figure 2j: Variation of Complement C4a level in Indian Antarctic expeditioners 
before leaving India (Control) and during stay at Maitri, Antarctica in the 
months of March, May, August and November. Data presented as Mean ± SE.

Figure 2k: Variation of Complement C5a level in Indian Antarctic expeditioners 
before leaving India (Control) and during stay at Maitri, Antarctica in the 
months of March, May, August and November. Data presented as Mean ± SE. 
(ap<0.05 May vs Control; bp<0.05 May vs March; cp<0.05 May vs November; 
dp<0.05 August vs Control; ep<0.05 August vs March; fp<0.05 August vs 
November).

Figure 2l: Variation of Complement Factor B level in Indian Antarctic 
expeditioners before leaving India (Control) and during stay at Maitri, 
Antarctica in the months of March, May, August and November. Data 
presented as Mean ± SE. (ap<0.05 May vs Control; bp<0.05 May vs March; 
cp<0.05 May vs November; dp<0.05 August vs Control; ep<0.05 August vs 
March; fp<0.05 August vs November).
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predation or inclement weather without protection. However, human 
physiological response continues to reflect the demands of earlier 
environments. Threats that do not require a physical response (e.g., 
academic exams) may therefore have physical consequences, including 
changes in the immune system. Indeed, over the past 30 years, more 
than 300 studies have been performed on stress and immunity in 
humans, and together they have shown that psychological challenges 
are capable of modifying various features of the immune response.

Our previous metabonomics based study showed that during 
ship voyage and long term exposure to extreme environmental 
conditions prevailing in Antarctica triggered significant alterations 
in the concentrations of various metabolites and changes in different 
metabolic pathways in the expeditioners [24]. These findings further 
motivated us to study expression of different stress proteins and 
proteins related to immune system in particular the complement system 
ship journey and long Antarctic stay. This study finds its uniqueness as 
one of the first study which focuses on complement system which play 
significant role in immunomodulation under stressful environment of 
Antarctica.

Analysis of differential expression of specific protein was performed 
using, 2D gel electrophoresis of sera samples. Several differentially 
expressed spots were identified and subjected to MALDI-TOF analysis 
which revealed predominant expression of human Complement 
Protein C3. This alteration in expression of C3 protein indicated 
a breakthrough in activation of complement proteins during the 
expedition. More comprehensive and in depth assessment of activation 
of complements indicated expression of C3a, C4a, C5a and Factor B in 
sera samples of expeditioners (Figure 4). C3 was significantly increased 
during the ship journey in summer team. Naturalistic stressors have 
been associated with increases in the levels of C3 and C4 [25-27], 
which are two key components of the complement cascade. Activation 
of complement in response to acute stress in men who were subjected 
to repeated simulations of emergency evacuation procedures for sea-
based oil platforms [28]. Maes et al [22] have reported the activation of 
complements in response to different psychological stress. The increase 
in the levels of C3 and C3a indicates the activation of complement 
cascade in response to ship borne journey in the southern Ocean. 
Significant increase in the levels of C5a indicates that the activation of 
complement has proceeded down the terminal pathway. At the same 
time significant increase in the levels of factor B indicates that the 
activation of the complement system was through alternative pathway. 
However, after the summer team reached Maitri the levels of C3, C3a, 
C5a and Factor B decreased significantly. Thus, these results indicate 
that ship borne journey in southern ocean activated complement 
system through alternative pathway. In long term winter study, levels 
of C3 were found to be increased during the months of May and August 
indicating activation of complement during this period also. Several 
studies have shown that psychological and physiological stresses can 
activate complement cascade. [22,23,28,29]. However, C5a was found 
to be increased only in the month of August indicating that terminal 
pathways were activated during the month of August. It has been 
reported that the third quarter of expedition, is the most stressed phase 
of expedition and activation of complement could be correlated to the 
multiple stresses encountered by the expeditioners during this period. 
Stress marker like catecholamine has also shown that this was the most 
stressed phase of the expedition. It also indicates that acclatimization 
is not achieved in human. This also suggests that prolonged exposure 
to Antarctic stress is associated with stimulation of sympathetic and 
Hypothalamus Pituitary Axis (HPA) and maintenance of higher 
sympathetic and HPA activity might be necessary for acclatimatization 

Figure 3a: Changes in Catecholamines level in Indian Antarctic expeditioners 
before leaving India (Control), after one month ship journey (ship) and after 
one month stay at Maitri Antarctica (Maitri). (ap<0.05onboard vs control; bp 
<0.05 onboard vs Maitri).

Figure 3b: Variation of Catecholamine level in Indian Antarctic expeditioners 
before leaving India (Control) and during stay at Maitri, Antarctica in the 
month of March, May, August and November. Data presented as Mean ± SE. 
(ap<0.05 August vs Control; bp<0.05 August vs March).

Figure 4: Complement cascade.
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of extreme cold climate condition. Thus this indicates that harsh winter 
conditions could be detrimental factor for activation of complement 
cascade. However, the effect of activated complement system during 
the expedition could not be correlated clinically because of the multiple 
stresses and small population size in Antarctic expedition.

The most pressing question to be answered is that future research 
needs to address the extent to which this stress induced changes in 
the immune system and whether it has meaningful implications for 
disease susceptibility in healthy expeditioners. Further investigations 
are required to determine the factors that influence the magnitude of 
the complement response and the clinical implications of the changes 
that are observed.
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