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Abstract
Introduction: In quantifying altitude related oxidative stress on a molecular level carbonylated proteins show great 

promise. They have been used as a biological marker to determine oxidative stress in newborns so far. In contrast to other 
markers this substance group is very stable and early detectable. Therefore, their use in a high altitude environment should 
be with good prospects. 

Objective: To test the hypothesis that acute exposure to hypobaric hypoxia induces measurable oxidative stress that 
might be related to the severity of AMS.

Methods: Twelve subjects spent a night in a hypobaric chamber at a simulated altitude of 4000 m. One hour before 
altitude exposure and two hours after arrival at 4000 m a blood sample was taken and protein carbonylation was analyzed 
by special ELISA. Results were compared with severity of acute mountain sickness (AMS) after spending 11 hours at 4000 
m quantified by the Lake Louise Score. 

Results: The fast ascent to 4000 m generates a measurable oxidative stress to the organism with a wide range in 
individual susceptibility. This appears at altitude expressed by a significant change of carbonyl proteins (P = 0.01) as well 
as for the severity of AMS. Three of the subjects having no or least AMS showed a decrease in carbonyl proteins. All other 
subjects had an increase in carbonyl proteins. The participant with the highest increase in carbonyl proteins was the most 
severely ill person. Regression analysis showed a linear regression; r2 = 0.43. 

Conclusions: This is the first time a correlation between carbonyl proteins and high altitude symptomatology has been 
detected, making these highly interesting for further investigations at high altitude. 
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Introduction
Altitude exposure is known to induce a significant 

oxidative stress [1] even without strenuous physical 
exertion. The burden of oxidative stress increases dur-
ing the time spent at altitude and may even persist for 
some time upon return to sea level. The physiological 
and medical consequences of increased oxidative stress 
engendered by altitude are unclear; indeed, hypoxia is 
believed to be the trigger for the cascade of signalling 
events that ultimately leads to adaptation to altitude. 
These signalling events include the generation of reac-
tive oxygen species (ROS) that may elicit important 
adaptive responses. If produced in excess, however, 
these ROS may contribute to impaired muscle func-
tion and reduced capillary perfusion at altitude or 
may even play a  role in precipitating more serious 
neurological and pulmonary crisis. Altitude related 
illnesses like acute mountain sickness (AMS), high 
altitude pulmonary edema (HAPE) and high altitude 
cerebral edema (HACE) are possibly related to hypoxia 
induced free radical formation that alter blood-brain 
barrier permeability [2].

In quantifying this altitude related oxidative stress 
on a molecular level carbonyl proteins (CP) show great 
promise. They have been used as a biological marker 
to determine oxidative stress in newborns so far [3,4]. 
In contrast to other markers this substance group is 

very stable and early detectable [5]. Therefore, their 
use in a  high altitude environment should be with 
good prospects. 

This prospective comparative study was conducted 
to test the hypothesis that acute exposure to hypobaric 
hypoxia induces measurable oxidative stress that might 
be related to the severity of AMS.

Material and methods
The test was performed in the altitude and climate 

chamber of the German Air Force Institute of Avia-
tion Medicine in Koenigsbrueck, Germany (134 m). 
This hypobaric chamber can hold six individuals for 
overnight stays. As we had a group of twelve male sub-
jects (median age: 23 years, range: 18-33 years; median 
height: 182.5 cm, range: 169-194 cm; median weight: 
76 kg, range: 55-100 kg; median body mass index: 
22.5 kg/m2, range: 19-29 kg/m2) two identical trials 
were conducted. Each trial consisted of an overnight 
stay in the chamber. The subjects were decompressed 
over a period of 53 minutes to a pressure equivalent 
to that at an altitude of 4000 m. The subjects spent 
twelve hours in the chamber under these altitude 
conditions. At any time, the subjects could be rapidly 
recompressed or could leave the chamber through 
an airlock. An emergency physician with expertise 
in altitude medicine was always present. Prior to the 
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tests, the subjects received an echocardiogram (ECG). 
Routine laboratory blood tests and a  12-lead ECG 
were performed immediately before the tests. All tests 
were normal. 

This study was embedded in a larger study that had 
been approved by the ethics committee of the Society 
of Physicians of the state of Baden-Wuerttemberg, 
Stuttgart, Germany. All participants had given their 
written informed consent to take part in the study. 

During the test-period including the day before 
all subjects received the same food that was prepared 
by the staff restaurant of the Institute of Aviation 
Medicine. This food was normal German Army diet 
without any special dietary preparations. During the 
trial, blood was collected from an indwelling venous 
cannula (13/4 French) in the left forearm without the 
use of a tourniquet 1 hour before the decompression 
and 2 hours after reaching 4000 m. The blood was 
centrifuged and the serum was separated and stored 
at -20°C. The samples were transported on dry ice 
at a  temperature of ‑40°C and CP was analyzed by 
ELISA (Immundiagnostik, Germany). The presence 
or absence of altitude symptoms was assessed using 
the Lake Louise scoring (LLS) system [6]. In accor-
dance with the recommendations by Maggiorini et 
al., subjects were considered to be affected by altitude 
sickness when they had an LLS of 5 or greater [7]. CP-
results were compared with the severity of AMS after 
spending 11 hours at 4000 m quantified by the LLS.

 
Statistical analysis

The results of the first and the second test blood 
sample were compared using the paired t-test. We 
accepted a  P-value of less than 0.05 as indicator of 
statistical significance. Linear regression analysis was 
used to describe the correlation of LLS and change in 
hypoxia related CP.

Results
The fast ascent to 4000 m generates a measurable 

oxidative stress to the organism with a  wide range 
in individual susceptibility. This appears at altitude 
expressed by a significant change of CP (P = 0.01) as 
well as for the severity of AMS. Three of the subjects 
having no or least AMS showed a decrease in CP. All 
other subjects had an increase in carbonyl proteins 
and an even higher LLS-Score of 3 to 12 (Fig.1). The 
participant with the highest increase in carbonyl 
proteins was the most severely ill person. Regression 
analysis showed a linear regression; r2 = 0.43 (Fig. 2).

Discussion
Our results supports the findings of other authors that 

altitude related oxidative stress plays an important role 
in the acclimatization process to altitude [8-10] as well 
as in the development of altitude related illness [11,12].

Although the regression analysis showed only 
a moderate correlation it is remarkable that CP after 
2 hours at altitude comparable to 4000 m behaved 
complete different in subjects with no or least AMS 
symptoms (decrease of CP) compared to those with ap-
parent AMS (increase in CP). Despite of the unphysi-
ological rapid ascent to altitude the course of CP seems 
to have prognostic relevance regarding the develop-
ment of AMS symptoms in the near future. This might 
become very helpful in all cases of decision making if 
individuals could ascent further or if they need more 
time to acclimatize. This appears particularly if a fast 
ascent (car, aircraft, cable railway) is planed. This is 
a topic of high interest for example in military missions 
or rescue operations at high altitude [13].

This is the first time a correlation between carbonyl 
proteins and high altitude symptomatology has been 
detected, making these highly interesting for further 
investigations at high altitude. 

Fig. 1. Course of carbonyl proteins (CP) while exposed to 4000 m over 2 hours; 
3 subjects (dark colors) show a decrease, 9 (bright colors) an increase of CP.
The beams (same color: same subject) express the Lake Louise Score after 
11 hours of exposure to 4000 m;  the dark colored subjects (decrease of CP) 
had only a minor (0-3) LLS-Score; all the subjects with CP-increase (bright 
colors) had an even higher LLS-Score (3-12)

Fig. 2. Regression analysis of carbonyl proteins (CP) and Lake Louise Score 
(LLS) while exposed to 4000 m over 2 hours; 3 subjects (dark colors: left side) 
show a decrease, 9 (bright colors: right side) an increase of CP
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