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Introduction:

The paper was prepared as a part of the grant titled: “Improving the psychophysical fi tness of a soldier 
during combat tasks by means of pharmacological stimulation.” Contract no. 0042/R/T00/2009/08. The 
project was co-fi nanced by the Ministry of Science and Higher Education. 

Source of support:

Methods: 

The study was conducted to determine the eff ect of pharmacological agents - Vigil, 
Nivalin - on the psychophysical effi  ciency of a pilot in conditions of extended alert 
period in association with high altitude hypoxia stimulus. 

The experimental group consisted of 13 men who were not acclimated to high altitudes. 
Within 24 hours before the experiment, the participants maintained a specifi c activity, 
which together with a unit study lasted 32 hours. The next day after receiving a single 
dose of the drug or placebo the men were exposed to simulated hypoxia conditions 
of 5000 m a.s.l. in a low pressure chamber. During the examination body temperature, 
heart rate, energy expenditure, sweat loss were controlled and subjective evaluation of 
the state of thermal comfort, the degree of nuisance of work and mood level were made.

The longest time of hypoxia tolerance was recorded after administration of Vigil (Vigil 
t=523±128sec, Nivalin t=443±200sec, placebo t=241±225sec). The percentage of people 
using an oxygen equipment was signifi cantly lower after administration of psychosti-
mulants (Vigil=33%, Nivalin=42%, placebo=75%). As a result of taking pharmacological 
agents, more favorable increases in core body temperature, energy expenditure and 
heart rate were recorded. Individuals receiving Vigil and Nivalin perceived the environ-
ment as more comfortable and indicated a signifi cantly lower degree of nuisance of work 

Results:
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INTRODUCTION

A modern soldier is particularly exposed to ex-
cessive psychophysical strain manifested by both 
intellectual and physical fatigue [10]. An impor-
tant determinant of deterioration of the psycho-
physical condition is the necessity to carry out sus-
tained activities, shift work and increased levels of 
stress caused by high operational requirements 
carried out under time pressure [25]. Participation 
in stabilization missions or in the period of armed 
confl ict is directly related to the extended time of 
duty (up to 35 hours and more) [5,17,29], increased 
number of night fl ights and thus chronic sleep de-
fi ciency and intensifi cation of fatigue symptoms 
[6,7], which may be violent and unpredictable 
[17]. Maintaining vigilance and the cumulative ef-
fect of sleep defi ciency, causing fatigue, increase 
the probability and frequency of symptoms of 

sleepiness, tiredness, short and uncontrolled naps 
among pilots, even during fl ight [14]. Moreover, 
the military nature of the currently undertaken 
air activities aimed at achieving the assumed ob-
jectives of the mission is related to the necessity 
of controlling modern high-maneuver machines, 
fi ghter planes such as MiG 29 and F-16. Operat-
ing this kind of aircraft entails the need for high 
and specifi c operator skills. They involve, among 
other things, the pilot’s interaction with controls, 
including pilot-navigation devices (e.g. indica-
tors, switches, controls), maintaining regular ra-
dio communications with the air traffi  c controller 
and other crew members, and observing the sur-
roundings from the cabin. It is worth noting that 
activities in this area must be coordinated with 
the visual and auditory information received. This 

in comparison with the control group. The level of mood (emotional tension) was more 
favorable after administering Vigil (ΔPN=-14.58±6.66) and Nivalin (ΔPN=-13.00±9.25) 
than placebo (ΔPN=-11.41±9.82).

Vigil and Nivalin had a benefi cial eff ect on human psychophysical effi  ciency (improve-
ment of physiological parameters) during a prolonged period of alertness in combination 
with the stimulus of hypoxia. The medicines increased the body’s tolerance to oxygen 
defi ciency, signifi cantly extending the time of exposure to hypoxia. Both substances 
(especially Vigil) improved subjective feelings of thermal comfort and the degree of 
nuisance of work and did not result in deterioration of mood.

Vigil, Nivalin, psychoactive agents, nervous stimulats, high altitude hypoxia, thermal 
comfort, fatigue, workload

Keywords:

Conclusions:

high level of perceptivity, visual-mobility 
coordination and reflection (these are 
processes for receiving information related to 
the execution of control activities with a time 
deficit in emergency and unexpected 
situations)

good memory, concentration 
capacity and severability 
(necessary for the analysis of 
different types of data)

the ability to distinguish and compare 
indicators and their colors and audible signals

good memory, concentration capacity and 
severability (necessary for the analysis of 
different types of data)

resistance to physical and mental 
fatigue, enabling you to perform 
your tasks precisely when you feel 
emotional during long-term flights

high perception and spatial memory capacity

1.

2.

3.

4.

5.

6.

Fig. 1.  Psychophysical properties of a pilot. 
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the initial level [8]. A detailed analysis of aviation 
accidents suggests that approximately 20% of 
them may be related to fatigue [28]. Thus, lack of 
sleep may result in the increase in dangerous avia-
tion situations caused by the inability of aviation 
personnel to effi  ciently undertake proper opera-
tional activities [6].

One of the most important factors that deepen 
the state of fatigue and psychomotor effi  ciency 
is high altitude hypoxia or air hunger caused by 
oxygen defi ciency in the body. Tolerance of high 
altitude hypoxia is varied individually, and also 
changes in terms of the circadian cycle. In the full 
compensation zone up to 3500 m above sea level, 
only increased activity of the cardiovascular sys-
tem is observed, and the central nervous system 
maintains basic functions and effi  ciency mostly 
at an optimal level. People with weak adaptive 
mechanisms sometimes experience reduced 
physical capacity and memory problems.  In the 
zone of incomplete compensation from 4000 to 
6000 m a.s.l., disorders of most cognitive and mo-
tor processes are observed. The volume of lung 
ventilation increases rapidly due to accelerated 
and deepened breathing resulting from increased 
cardiovascular activity. As a result of deterioration 
of central nervous system functions, cognitive 
abilities are weakened. There are observed distur-
bances in operative and long-term memory, at-
tention concentration, reduced decision-making 
ability and the level of coordination of precise 
movements (expressed as a greater tendency 
to make mistakes). Pilots usually fi nd it diffi  cult 
to read indications from on-board instruments, 
which is a result of abnormal functioning of the 
sense of sight (reduced contrast and visual acuity, 
image graying, reduced sensitivity to green and 
blue).

Acute hypoxia is particularly dangerous be-
cause it is characterized by the sudden exposure 
of the human organism to reduced partial oxygen 
pressure in the atmosphere or a reduced percent-
age of oxygen in the respiratory mixture. This, in 
turn, has an impact on the decrease in arterial 
blood saturation (SaO2). The risk of hypoxia oc-
curs in an emergency situation, e.g. loss of cabin 
pressure, sudden damage to the oxygen equip-
ment or exhaustion of the oxygen tank used by 
the pilot in an aircraft cabin without pressure pro-
tection. Acute hypoxia limits the body’s ability to 
adapt and signifi cantly shortens its survival time. 
The impairment of cognitive and mental func-
tions caused by hypoxia may lead to symptoms 
of decompression sickness, which causes a whole 
range of functional disorders in organs and dam-

is done by transferring attention from one instru-
ment to another in an extremely fast and accurate 
manner. A pilot can sometimes spend as little as 
0.5 seconds on a given instrument, which requires 
them to be able to transfer attention between 
signals up to 120 times in 60 seconds. In addition, 
the crew’s ability to synchronize to ensure the 
smooth functioning of the entire system and the 
operation of the aircraft is essential. In order to ef-
fectively perform the fl ight operations that deter-
mine the full and satisfactory performance of the 
task, the safety and success of the mission in con-
ditions of excessive service burden, many human 
psychophysical properties are needed (fi g. 1) [17]. 

Long-term alertness is the cause of general fa-
tigue. It is most often defi ned as an internal state 
of fatigue, characterized by reduced working ca-
pacity. Fatigue has a multi-directional nature and 
appears as a result of interaction between the 
requirements of the tasks, the conditions under 
which they are performed and the skills and per-
ception of the operator [22]. Sometimes the no-
tion of fatigue refers to subjective feelings, e.g.: 
bad mood or a reluctance to continue the task 
[31]. The lack of proper sleep hygiene combined 
with the worsening state of mental fatigue weak-
en the overall brain activity, which is the reason of 
decreased effi  ciency of a pilot during the missions 
[18]. The psychomotor and cognitive functions are 
reduced (disturbances in perception of the sur-
roundings or slower information processing ef-
fi ciency are observed) [6,20,24]. Most often, this 
is caused by the strain of concentration, the con-
stant focus of the pilot on piloting operations and 
the situation in the air. Moreover, sleep defi ciency 
may aff ect short-term memory, self-assessment of 
the level of alertness (necessary to safely continue 
the fl ight), limitation of analytical and abstract 
thinking, situation assessment, planning and deci-
sion-making skills, multi-directional thinking skills 
or verbal communication skills [15,16,19,20].

The feeling of sleepiness, tiredness and re-
duced effi  ciency of the body are the most annoy-
ing during the night and in the morning (02.00-
05.00) due to the human circadian rhythm [23]. 
Disturbances of this cycle as a result of prolonged 
alertness contribute to the intensifi cation of fa-
tigue and reduced effi  ciency. Aviation personnel 
deprived of sleep loses approximately 25-30% of 
their intellectual capacity with each consecutive 
day of sleeplessness [2,4]. Recent studies conduct-
ed with the pilots of the F-117 bomber aircraft in a 
state of severe fatigue revealed that about 27-33 
hours of duty without the opportunity to take a 
nap decreases the pilots’ skills by over 40% below 
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MATERIAL AND METHODS 

Preparation of drug doses 
Based on a thorough analysis of literature data 

on psychoactive substances approved in the Eu-
ropean Union, two pharmacological agents: Vigil 
(Modafi nil) produced by Torres Chiesi Polska Sp. 
z o.o. and Nivalin (Galantamine) by Janssen-Cilag 
Polska Sp. z o.o. were qualifi ed for the research.  

The drugs were administered in a single dose of 
100mg of Vigil and 10mg of Nivalin. Psychostimu-
lants looked like placebo pills (control), which con-
tained a neutral substance, which in this case was 
lactose powder. The participants took the tablets 
whole (without biting), always at the same time 
(1 hour after a meal), with a glass of non-carbon-
ated, low-mineralized water. A blind test method 
was used in the experiment in order to eliminate 
the eff ect of expectation of people on whom the 
substance is tested and to obtain an objective as-
sessment of the eff ect of the medicines. The par-
ticipants were randomly assigned to three groups. 

Properties of pharmacological agents
The drug called Vigil (Modafi nil) displays sym-

pathomimetic properties with a central eff ect. It 
is an inhibitor of norepinephrine reuptake, which 
means an increase in neurotransmitter concentra-
tion in synaptic space. The drug was approved 
by the U.S. Food and Drug Administration (FDA) 
in 1998 in the treatment of excessive sleepiness 
in patients suff ering from narcolepsy [3]. In the 
tests, Vigil has no euphoric eff ect, but it may po-
tentially be addictive. Therefore, the development 
of addiction should not be completely ruled out, 
especially during long-term use. Vigil doses have 
a selective eff ect and cause clear activation in 
certain regions of the brain, especially in the hy-
pothalamus as opposed to methylphenidate and 
amphetamine, which have comparable eff ects 
on alertness but increase overall brain neural ac-
tivation. Vigil does not signifi cantly increase the 
load on the cardiovascular system with respect 
to blood pressure and heart rate. In humans, 
Vigil maintains and (or) improves the quality and 
length of the state of alertness and the time of 
activity during the day in a dose-dependent man-
ner. Pharmacological stimulation with Vigil coun-
teracts impairment of cognitive, psychomotor and 
neurosensory functions caused by sleep depriva-
tion. The agent does not cause any side eff ects on 
behavior or appetite. Among the most commonly 
reported side eff ects are: headache, fear, diarrhea, 
insomnia and anxiety, although not everyone will 
experience them. 

ages to the tissue structure, to a degree depend-
ing on the duration of decompression, pressure 
diff erence or altitude.      

During many hours of fl ight, the pilot experi-
ences increasing levels of fatigue, sleepiness and 
irresistible need for sleep [1,13]. In situations when 
sleep is not possible, it is recommended to take 
stimulating pharmacological agents [1,9,13,25]. 
To optimize and increase the pilot performance, 
modafi nil was approved for military use by the Air 
Forces of the USA, India, France, Singapore or the 
Canadian Space Agency [12,21,26,27,32].  Psycho-
motor tests have shown that Modafi nil at a dose 
of 400mg has a comparable strength to 600mg 
of caff eine in limiting the loss of performance 
caused by fatigue. In addition, tests with lower 
doses of the drug have proven to be eff ective in 
maintaining alertness but for no longer than 24 
hours. Modafi nil has a longer half-life compared 
to caff eine (12-15 h vs. 4-6 h, respectively), thanks 
to which it maintains the suitable concentration 
in blood with a lower frequency of administration 
and reduces the risk of addiction [33,34]. Other 
studies carried out on a group of pilots (using 600 
mg of modafi nil administered in 3 doses of 200 
mg each) indicate that Vigil (Modafi nil) was able to 
maintain the performance during fl ight in the sim-
ulator for over 30 h without sleep [11]. These stud-
ies also revealed the occurrence of side eff ects of 
taking Modafi nil (e.g. nausea, dizziness). The side 
eff ects can be eliminated by modifying the dos-
age and adjusting it to body weight. Administer-
ing pilots with an appropriate psychostimulant se-
lected in terms of dose, duration of duty and time 
of day may help to mitigate or even eliminate the 
adverse eff ects of fatigue. 

At present, there is a need to maximize the ef-
fectiveness of a soldier in combat conditions. In 
order to make more eff ective use of the pilot’s 
abilities during long aviation tasks, attempts 
have been made to reduce the feeling of fatigue, 
increase the tolerance to high altitude hypoxia 
(5000 m a.s.l.) and thus increase the productive 
time through pharmacological support. The study 
was conducted to determine the eff ect of medi-
cines  - Vigil, Nivalin - on the psychophysical ef-
fi ciency of a pilot in conditions of extended alert 
period in association with high altitude hypoxia 
stimulus. Improving knowledge of the eff ects 
of psychoactive agents on the performance and 
ability to perform aviation tasks in conditions of 
hypoxia may contribute to the modifi cation of ex-
isting aviation procedures and training of future 
pilots of high-maneuver aircraft.
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80±8,43 kg; BMI: 25±1.5 kg/m2)  not previously ac-
climated to high altitudes. The participants were 
dressed in a summer fi eld uniform, a cotton T-
shirt, shorts, socks and sports shoes. Each of the 
subjects took part in a unit study three times (de-
pending on the type agent of administered: Vigil, 
Nivali, placebo). All of them were tested in the 
same and repeatable laboratory conditions. The 
participants were qualifi ed to participate in medi-
cal experiments by a special aviation and medical 
committee on the basis of the current medical 
examination results (specialist internal medicine, 
ophthalmology, laryngology, neurology, ECG, 
EEG, tonal audiometry, cardiopulmonary exercise 
test (CPX), blood and urine analytical tests) and oc-
cupational physician’s opinion. In order to reduce 
the level of situational stress prior to the exami-
nation, all participants were acquainted with the 
course of the examination, low pressure chamber 
exposure and the physiological consequences of 
hypoxia on the body by a WIML aviation medicine 
practitioner conducting trainings in the condi-
tions of high-altitude hypoxia. 

Running of the specifi c test procedure 
(fi g. 2)

Within 24 hours before the experiment, the 
participants maintained a specifi c activity, which 
together with a unit study (from 19.00 on the fi rst 
day to 14.00 on the second day) lasted 32 hours. In 
order to increase the state of fatigue at night, the 
subjects performed certain psychophysical tasks 
under time pressure (according to a fi xed sched-
ule) with a break for an hour’s nap in a sitting posi-
tion (from 2.00 am to 3.00 am). During the whole 
unit study, the participants went through 5 series 
of tests from A, B, C, D to E at 20.00, 8.00 (10.00 
administration of the drug), 11.30, 13.00, 14.00 
respectively). They included psychophysiological 
measurements, subjective assessment of the state 
of thermal comfort in relation to the whole body 
(Bedford test) and subjective assessment of the 
degree of nuisance of physical work (Borg test), 
as well as assessment of the mood level (UMACL 
questionnaire). During each unit study, core body 
temperature (Tc), heart rate (HR), energy expendi-
ture (Kcal), weight loss (total sweat loss) and hy-
dration (amount of fl uid intake) were system-
atically monitored. At the same time (10.00 a.m. 
on the second day), a single dose of a specifi ed 
pharmacological agent was administered to each 
participant at the same time. At 13.00 they began 
their exposure in the low low-pressure chamber 
(5000 m a.s.l.) (fi g. 3.). In advance, the instructor 
informed the participants about the course of 

Nivalin is a drug containing galantamine, the 
active substance alkaloid, of plant origin, used in 
the treatment of diseases with synaptic transmis-
sion disorders (e.g. Alzheimer’s disease). It belongs 
to the group of parasympathicomimetics with in-
direct eff ect. The drug reversibly inhibits the en-
zyme acetylcholinesterase (AChE), is a modulator 
of the nicotine receptor and increases the sensi-
tivity of receptors to acetylcholine. By increasing 
the activity of the cholinergic system, it facilitates 
impulse conduction in neuromuscular endings. 
Galantamine facilitates signal conduction in the 
central nervous system due to its permeability 
through the blood-brain barrier. Thus, it improves 
skeletal muscle tension, pupil constriction, de-
creases arterial blood pressure and heart rate, 
increases sweat and digestive juices secretion. 
The drug, after permeating the central nervous 
system, increases the cognitive functions, improv-
ing memory and the information reproduction 
process. Frequent side eff ects include headaches 
and stomachaches, insomnia, heart rhythm 
disturbances, visual disturbances, accelerated 
breathing, nausea, vomiting and diarrhea. 

The above data were prepared on the basis of 
leafl ets attached to pharmacological drugs. The 
drugs were administered by qualifi ed medical 
personnel, therefore their overdose is unlikely. 
They may cause undesired eff ects, although not in 
everybody. Nevertheless, any suspected overdose 
and other side eff ects should always be reported 
to a doctor.

Organization of research
The experiment included three unit tests per-

formed in one-week intervals between successive 
exposures. The studies diff ered only in the type 
of drug (Vigil, Nivalin) or placebo (control group) 
administered. The exposure to hypoxia was per-
formed in a low pressure chamber located in the 
Military Institute of Aviation Medicine in Warsaw. 
The altitude profi le was in accordance with the 
applicable standard contained in the “Instructions 
for training in hypoxia” (annex 3, profi le 2), WIML, 
2003. The experiments were carried out in the 
spring period (March - April) at unchanging and 
repetitive intervals. The research received a posi-
tive opinion from the Ethics Committee of the Mil-
itary Institute of Aviation Medicine, in accordance 
with the requirements for conducting research 
involving human subjects. 

Participants 
The study was conducted with 13 healthy men 

(age: 24±2,5 years; height: 179±7 cm; body weight: 
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The assessment of hypoxia tolerance was based 
on the time of decrease of arterial blood oxygen 
saturation to SaO2=80% or reporting by the par-
ticipant of discomfort, which determined putting 
on the oxygen equipment. The return to normo-
baric conditions took place at standard speed. The 
total duration of the single exposure lasted up to 
25 minutes. 

the test and the safety conditions (e.g. the middle 
ear pressure equalization technique and the use 
of the oxygen mask). Reaching the target altitude 
took place at an ascent speed of 0.5 mmHg/s and 
took 6-7 minutes. The stay at 5000 m a.s.l. (cor-
responding to a pressure of 405 mmHg, 540 hPa) 
lasted 10 minutes. During exposure in the low-
pressure chamber the heart rate (HR) and periph-
eral blood saturation level (SaO2) were controlled. 

Subjective assessment of the body's thermal comfort (Bedford test), subjective assessment of the physi-
cal nuisance (Borg test) and mood level.

Body weight, core body temperature, blood pressure, energy expediture.

Low pressure chamber 
5000 m

Figure 2
Entry tests BP, Tc, 

VO2max, anthropometric 
measurements 

Study  A 

Study  A 

Study  B 

Study  B 

Study  C

Study  C

Study  D

Study  D

Study  E

Study  E

HR, BP, Tc, body hydration level

day 1 day 2
night

meals (22.00; 9.00)

Borg test
Bedford test

Borg test
Bedford test

UMACL

Fig. 2.  Conduct of the unit study.
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Fig. 3.  Profi le of exposure of the participant to high-altitude hypoxia in a low pressure chamber.
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The task of the person examined is to answer (yes, 
rather yes, rather not, defi nitely not) to what an 
extent each of the adjectives listed in the UMACL 
scale corresponds to their current mood. The as-
sessment includes: energy stimulation (PE), volt-
age stimulation (PN) and hedonistic tone (TH).

Statistical analysis
StatSoft Polska STATISTICA 6.0 statistical pack-

age was used to analyze the results. Changes in 
psychophysiological parameters resulting from 
the administered pharmacological agents or 
placebo were assessed using the t-Student’s 
parametric test for related variables. The results 
obtained in the B test at 8.00 (before administra-
tion of the drug) were compared with the results 
of the E test at 14.00 (after administration of the 
drug and exposure in the low-pressure chamber). 
Statistical analysis was carried out on the increase 
values of psychophysiological parameters in the 
studied group of participants taking one of the 
pharmacological agents or placebo and was pre-
sented as mean ± SD. The signifi cance of the dif-
ferences was assumed at the level of p<0.05.  

RESULTS

1. Physiological indicators
The presented results constitute an analysis 

of physiological parameters data monitored and 
recorded in a series of tests B and E under condi-
tions of alertness for 32 hours without the possi-
bility of sleep in combination with the stimulus of 
high-altitude hypoxia (5000 m a.s.l.).

Core body temperature (fi g. 4). In terms 
of core body temperature measurements 
(Tc), the following increments were record-

Measurement of physiological parameters
During the whole examination, the following 

physiological parameters were monitored: core 
body temperature [ºC] in the external auditory ca-
nal - using the Braun ThermoScan Pro 4000 ther-
mometer, heart rate [bpm] - using the OMRON 
Intellisense M3 wrist device, energy expenditure 
[Kcal] - with the POLAR PULSOMETER RS400 heart 
rate monitor. 

Assessment of comfort and fatigue levels 
During the experiment, the participants sub-

jectively assessed the thermal condition of the 
organism and the degree of nuisance of the work 
twice: in the B series of tests  (before administra-
tion of the drug) and in the D series of tests (after 
administration of the drug and exposure in the 
low pressure chamber). The assessment of thermal 
comfort was carried out on the basis of Bedford’s 
7-point scale, which assumes that 1 - means “very 
cold” and 7 - means “very warm”. The values be-
tween 3 – “pleasantly cool”, 4 - “pleasant” and 5 – 
“pleasantly warm” are within the range of thermal 
comfort. The assessment of the level of fatigue 
resulting from the degree of nuisance of physical 
work was made on the basis of a 12-point Borg 
scale assuming that 1 - means “very light work”, 
12 - means “very hard work”. 

Evaluation of the emotional state of the 
participants 

In order to determine changes in the emotional 
state of the participants, the UMACL Adjective 
Mood Scale, used to assess mood understood as 
an aff ective experience of moderate duration (at 
least several minutes), was used. The UMACL scale 
consists of 29 positions in the form of adjectives. 

Fig. 4.  Changes in the increase in internal body temperature [ΔTc] from the B test - before administration of the drug 
to the E test - after fi nishing the exposure in the low-pressure chamber - 32 h of the state of alertness.
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Heart rate (fi g. 6). The following changes of the 
parameter values were recorded using the heart 
rate monitor: in the group receiving Vigil, the av-
erage HR increase was ΔVIGIL=0.7±6.68 bpm, for 
Nivalin ΔNIVALIN=3.8±7.49 bpm and for placebo 
ΔPLACEBO=5.3±5.31 bpm. The eff ect of adminis-
tration of both drugs compared to placebo was 
statistically signifi cant (p<0.10). 

2. Subjective indicators of thermal 
comfort and workload

Throughout the entire examination (32h), the 
participants have twice subjectively assessed the 
state of body thermal comfort on the Bedford 
scale and the level of fatigue on the Borg scale. 
The analysis was based on the results of the E se-
ries of tests obtained after administration of the 
drug and exposure in the low pressure chamber 
(32 h in the state of alertness). The group receiv-
ing Vigil rated the thermal comfort as BedfordVIG-
IL=4.25±0.75 which corresponds to the “pleasant” 
feeling, the group receiving Nivalin at almost the 

ed for Vigil ΔTcVIGIL =0.41±0.17°C), for Niva-
lin (ΔTcNIVALIN=0.36±0.22°C) and placebo 
(ΔTcPLACEBO=0.53±0.37°C). Comparative analysis 
of the series of tests B and E showed the diff erence 
in Tc value changes at the level of statistically sig-
nifi cant trend (p<0.10) between the group receiv-
ing Nivalin and the control group (placebo).

Energy expenditure (fi g. 5). Monitoring 
of energy expenditure in the group receiving 
Vigil showed changes at the level of ΔKcalVIG-
IL=652.00±92.67 and after using Nivalin ΔKcal-
NIVALIN=725.00±94.96 Kcal, while in the pla-
cebo group this parameter reached ΔKcalPLA-
CEBO=821.00±159.00. Comparison of the energy 
expenditure increase in the case of Vigil and Ni-
valin compared to placebo showed a statistically 
signifi cant diff erence (p<0.05).

Total sweat loss. In the group taking Vigil this 
parameter was ΔVIGIL=0.22±0.28 kg, for Nivalin 
ΔNIVALIN=0.26±0.32 kg and for placebo ΔPLA-
CEBO=0.29±0.28 kg. However, the diff erences re-
corded are not statistically signifi cant.  

Fig. 5.  Changes in the increase in energy expenditure [ΔKcal] from the B test - before administration of the drug to the 
E test - after fi nishing the exposure in the low-pressure chamber - 32 h without sleep. 
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Fig. 6.  Changes in the increase in heart rate (ΔHRmean) from the B test - before administration of the drug to the E 
test - after fi nishing the exposure in the low-pressure chamber - 32 h of alertness.
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made in the 31 hour of the state of alertness 
(test D). The measurement of the reserve time 
lasted until the critical level of arterial blood oxy-
gen saturation SaO2=80% was reached, which 
was equivalent to putting on the oxygen equip-
ment. According to the Flight Regulations, satu-
ration of SaO2=80% is the level at which a pilot 
can operate fl ights without additional use of 
oxygen. The mean reserve time among par-
ticipants taking Vigil was tVIGI=523±128sec., 
Nivalin - tNIVALIN=443±200sec. and placebo 
- tPLACEBO=241±225sec. The second of the ana-
lyzed parameters was the percentage of partici-
pants using oxygen equipment. The following 
results were obtained in this respect: Vigil=33% 
of participants, Nivalin=42% of participants and 
placebo=75% of participants. Statistical analysis 
showed that Vigil and Nivalin diff ered statistically 
signifi cantly from placebo (p<0.05) in terms of 
both parameters (fi g. 9 and 10).

same level of Bedford NIVALIN  =4.42±0.79 and 
the placebo group - Bedford PLACEBO=5.25±1.06 
which corresponds to the “pleasantly warm” feel-
ing. No statistically signifi cant diff erences were 
found. 

In terms of the assessment of the level of fatigue, 
people receiving Vigil described nuisance of the 
work as “moderately hard” Borg VIGIL=3.42±1.62, 
a comparable level was reached after administra-
tion of Nivalin Borg NIVALIN=3.75±2.37, whereas 
in control conditions, the participants assessed 
the work as “hard” Borg PLACEBO=5.83±2.03. 
Comparative analysis of Vigil and Nivalin against 
placebo showed statistically signifi cant diff erenc-
es (p<0.05) (fi g. 7 and 8).

3. Assessment of  high altitude hypoxia 
tolerance

The analysis used two reliable indicators com-
monly used in aviation medicine: a) reserve 
time b) percentage of participants using oxygen 
equipment. The assessment of the infl uence of 
psychostimulants on the level of hypoxia was 
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Fig. 7.  Subjective assessment of the thermal comfort of the body (Bedford test) after administration of the drug and 
fi nishing the exposure in the low pressure chamber (5000 m a.s.l.) in 32 hours of the state of alertness (E test).
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Fig. 8.  Subjective assessment of the degree of nuisance of the physical work performed (Borg test) after administration 
of the drug and fi nishing of the exposure in he low pressure chamber (5000 m a.s.l.) in 32 h without the possibility 
of sleep (E test).
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between the groups taking Vigil and placebo. 
Analysis of the remaining values in terms of en-
ergy excitation and hedonistic tone showed no 
signifi cant diff erences (fi g. 11).

DISCUSSION

During their service, military pilots experience 
the necessity to undertake several hours long 
fl ight operations (sometimes during the night). 
This is associated with a signifi cant extension of 
the period of alertness and constant keeping the 

4. Assessment of the state of emotional 
excitation

In the course of the unit study, participants 
evaluated their emotional state using the UMACL 
(Adjective Mood Scale) questionnaire in the E test 
series after administration of the drug and expo-
sure to simulated conditions of high-altitude hy-
poxia. The following results were obtained with 
regard to tension excitation: ΔPNVIGIL=-14.58 
±6.66, ΔPNNIVALIN =-13.00 ± 9.25, ΔPNPLACE-
BO=-11.41±9.82. A diff erence at the level of a sta-
tistically signifi cant trend (p<0.10) was found only 

High altitude hypoxia tolerance (5000 m) 
oxygen mask put in at  SaO2 = 80 %

time [sec.]

Fig. 9.  Eff ects of the pharmacological agent used on the level of tolerance for high-altitude hypoxia (5000 m a.s.l.) based 
on the measurement of the reserve time during the exposure in a low-pressure chamber during 31 hours without 
sleep (D test). 

Fig. 10.  Eff ects of the pharmacological agent used on the level of tolerance for high-altitude hypoxia (5000 m a.s.l.) 
expressed as the percentage of people using an oxygen mask during the exposure in the low-pressure chamber 
(evaluation after 31 hours of the state of alertness - D test). 

High altitude hypoxia tolerance (5000 m)
oxygen mask put in at  SaO2 = 80 %

percentage of participants using an oxygen mask
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in the conditions of prolonged combat tasks that 
make it impossible to regenerate the body using 
traditional methods (e.g.: sleep, rest, recreation, 
limiting the time spent in the combat zone).

Physiological indicators. Based on the results 
obtained from a series of tests from A to E carried 
out under the conditions of prolonged alertness 
for 32h combined with 10-minute exposure to 
high-altitude hypoxia (5000m a.s.l., 405mmHg, 
540hPa), a positive eff ect of both pharmacologi-
cal agents with psychotropic properties was ob-
served. The participants received Vigil at a dose of 
100mg and Nivalin at a dose of 10mg or placebo. 
This eff ect was demonstrated by more benefi cial 
changes in physiological parameters (with the 
indication of a stronger eff ect of Vigil): internal 
body temperature (Tc), energy expenditure (Kcal) 
and heart rate (HR) in relation to the control group 
(placebo). 

In terms of the analysis of changes in the inter-
nal body temperature (measured in the external 
auditory canal), the smallest temperature gains 
were obtained after the application of Nivalin 
and slightly bigger in the group of participants 
taking Vigil and under control conditions (fi g. 4). 
Nivalin limited the increase of the internal body 
temperature in relation to placebo at the level 
of a statistically signifi cant trend (p<0.10). Under 
the infl uence of Nivalin, changes in the body tem-
perature during the unit study oscillated in the 
range closest to the physiological temperature. 
On this basis, it can be concluded that this agent 
was most eff ective in limiting the increase of the 
heat load on the body and the risk of exceeding 
the upper limit of 38°C recommended for crews of 
high-maneuver aircraft. 

The analysis of data in terms of energy demand 
(fi g. 5) for both psychostimulants showed that 
the caloric expenditure was signifi cantly lower 
(p<0.05) compared to the control group. 

The highest total sweat loss (determined 
based on the change in naked body weight) (fi g. 
6) occurred as a result of administering placebo. 
However, the lowest amount of perspiration was 
achieved in the group of people using Vigil, slight-
ly higher in the group taking Nivalin (diff erences 
between the groups were not signifi cant). In the 
case of both drugs, lower sweating rate resulted 
in reduction of water balance disturbances and 
degree of dehydration as compared to placebo 
conditions. 

A similar trend was observed in the control 
of heart rate (fi g. 7). The results showed that the 
diff erences had an upward trend beginning with 
Vigil and Nivalin and reached the highest heart 

ability to focus attention at a high level. Long-
term continuation of such a complex activity with-
out the possibility of sleep causes the excessive 
accumulation of psychophysical tensions and the 
deepening of fatigue, which signifi cantly shortens 
the time of eff ective operation of a soldier. 

Many of the harmful eff ects of fatigue have 
long been known and constitute a real problem 
in modern operational aviation. Although severe 
fatigue is a factor reducing a soldier’s combat 
capabilities, its impact on the body is often ne-
glected. In order to counteract the adverse eff ects 
of fatigue and improve tolerance to high-altitude 
hypoxia, research work has been undertaken on 
the military use of safe pharmacological agents. 
Conducting the tests will allow to determine 
whether the use of psychostimulants in the dose 
of the drug used by us will improve and optimize 
the psychophysical performance of military pilots 

Fig. 11.  The change in the emotional state of the 
participants determined on the basis of the 
UMACL questionnaire from test B - before 
administration of the drug to test E - after 
administration of the drug and the exposure 
in the low-pressure chamber (32 h in the 
state of alertness). A - energy excitation (PE), 
B - tension excitation (PN) and C - hedonistic 
tone (TH). 
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related with the increased energy expenditure of 
the respondents. Therefore, it can be concluded 
that both Vigil and Nivalin signifi cantly delayed 
the build-up of fatigue (feeling of workload) dur-
ing a prolonged period of alertness (32h without 
sleep), while the highest eff ort tolerance was 
achieved in the group receiving Vigil (fi g. 9). 

Assessment of high altitude hypoxia toler-

ance. The assessment of the degree of tolerance 
of simulated conditions of high-altitude hypoxia 
(5000 m above sea level) by the organism was per-
formed on a group of people in a state of severe 
fatigue as a result of a prolonged period of alert-
ness (after 31 hours). The mean reserve time was 
signifi cantly longer in the group of people using 
Vigil and Nivalin than in the control group (fi g. 10). 
Similar eff ectiveness and direction of changes of 
the administered drugs was observed in terms of 
the percentage of people using a mask to breath 
pure oxygen. In the groups taking pharmacologi-
cal agents, signifi cantly fewer participants used 
oxygen equipment than in control conditions. The 
results indicate that a single dose of Vigil (100mg) 
and Nivalin (10mg) signifi cantly (p<0.05) increased 
the time of resistance to oxygen defi ciency and 
improved the body’s tolerance to hypoxia (com-
pared with the placebo test).

Assessment of the state of emotional excita-

tion (mood). The emotional state of the pilot is an 
important factor in military and civil aviation. The 
dynamically changing situation during the fl ight 
combined with the time defi cit requires from the 
crew members to be highly effi  cient in their ac-
tions, which is refl ected in the instantaneous anal-
ysis and assessment of the position and decision 
making.  Therefore, the activities carried out in 
the air are constantly accompanied by signifi cant 
overload of the nervous system and fatigue re-
sulting from high mental eff ort, strong emotions, 
frequent states of tension, anxiety, uncertainty 
caused by situational stress. Disturbances in the 
emotional state (e.g. reduced energy and hedon-
istic stimulation or excessive tension stimulation 
in relation to the optimal level) can often be ac-
companied by an impaired ability to concentrate, 
divide and shift attention. As a result, the risk of 
errors is increased due to a reduced ability to pre-
dict dangerous situations. In the mobility sphere, 
there may be incorrect, completely unintended 
movements or blocking of them. Chaotic action in 
a stressful situation can even lead to loss of control 
over the fl ight. Taking into account the fact that 
psychostimulants have a signifi cant impact on the 
emotional state of a person, the participants were 
subjected to psychological tests. The level of emo-

rate increases in the placebo group. Diff erences 
obtained for Vigil and Nivalin compared to pla-
cebo were changes at the level of a statistically 
signifi cant trend (p<0.10). Therefore, Vigil was the 
most eff ective in limiting heart rate increases. This 
indicates a slower rate of cardiovascular load in-
crease and points to a slight improvement in heart 
rate and a reduction in the risk of disorders thereof.  
The American clinical trials on Provigil (modafi nil) 
conducted by Cephalon Inc. based in Frazer (USA), 
published in 2018, confi rmed the lack of adverse 
eff ects of this drug on cardiac indicators such as 
systolic and diastolic blood pressure and heart 
rate in healthy individuals [30]. Nevertheless, the 
risk of disorders in this area resulting from taking 
modafi nil is known; therefore, this drug should 
not be taken by pilots with poorly controlled hy-
pertension and past heart diseases [26].

Subjective indicators of thermal comfort 

and workload (level of fatigue). The aspect 
of subjective assessment of the state of thermal 
comfort of the whole body is an inseparable ele-
ment in determining the infl uence of thermal con-
ditions of the environment. The participants made 
their assessment in the B series of tests before ad-
ministration of the drug and in the E series imme-
diately after exposure in the low pressure cham-
ber, using the Bedford scale from 1 to 7 (respec-
tively “very cold” - “very warm”). It was observed 
that the subjects after taking Vigil as well as Niva-
lin experienced a slight improvement in comfort, 
compared to the assessment obtained after tak-
ing placebo, where the vast majority of subjective 
opinions indicated a feeling of slight thermal dis-
comfort. Both agents had a more favorable eff ect 
compared to the placebo group, although these 
diff erences were not signifi cant. The direction of 
the changes indicates that people taking Vigil and 
Nivalin perceived the environmental conditions as 
thermoneutral and more comfortable in compari-
son to the control group (fi g. 8). 

All participants assessed subjectively the nui-
sance of physical activity (on a 12-point Borg scale) 
in a series of tests B before administration of the 
drug and E immediately after exposure in a low-
pressure chamber, i.e. after 32 hours of the state 
of continuous alertness. The assessment used is a 
simple method of evaluating the level of fatigue 
and perceived workload. As a result of the admin-
istration of both pharmacological agents, the sub-
jective degree of nuisance of the work performed 
was lower than in control conditions assessed as 
“hard”. These observations coincide with the di-
rection and nature of changes in energy demand 
(fi g. 5). The increase in the feeling of fatigue cor-
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cebo, signifi cantly reduced the decrease in oxy-
gen defi ciency and thus signifi cantly increased 
the tolerance for high-altitude hypoxia. On the 
basis of analyzed changes in psychophysiological 
parameters, it can be concluded that both psy-
chostimulants administered have a positive eff ect 
with a greater indication on the benefi cial eff ect 
of Vigil, which at the same time suggests the pref-
erence of Vigil over Nivalin in long-term fl ights.

In connection with the successful eff ect of 
short-term stimulants on a fatigued body, it is 
worth discussing the possibility of their military 
use to counteract the decrease in psychophysical 
fi tness (including fatigue) of fl ight crew members. 
However, it should be clearly emphasized that 
these pharmacological agents should only be 
used under medical supervision and only tempo-
rarily to postpone the harmful eff ects of fatigue 
until operational conditions allow normal rest and 
recovery (in the form of sleep or nap). This recom-
mendation is aimed at ensuring the safety of a sol-
dier-pilot while on duty due to the possibility of 
drug overdose, addiction or potential side eff ects. 

CONCLUSIONS

Based on the results of the tests carried out 
with two pharmacological stimulants, it was con-
cluded that: 
1. Single doses of Vigil (100mg) and Nivalin 

(10mg) signifi cantly improve the body’s toler-
ance to high-altitude hypoxia (5000m a.s.l.) 
during 31 hours of alertness (compared to the 
control group - placebo).

2. In conditions of long-term sleep deprivation 
(32 hours) combined with the stimulus of 
high-altitude hypoxia, both psychostimulants 
slightly improve the subjective assessment of 
thermal comfort.  

3. Both pharmacological agents signifi cantly re-
duce the subjective degree of nuisance of the 
work performed, thus reducing the rate of fa-
tigue and workload build-up.

4. The psychostimulants administered do not 
signifi cantly aff ect mood level changes and 
therefore do not contribute to the occurrence 
of disorders in the emotional sphere of the pi-
lot.

5. During a prolonged period of alertness Vigil 
and Nivalin favorably reduce the physiological 
load on the body: they reduce the increase in 
heart rate, improve thermoregulatory func-
tion (core body temperature) and reduce en-
ergy demand. 

tional excitation was assessed based on a three-
dimensional well-being model in the form of an 
Adjective Mood Scale (UMACL questionnaire). The 
presented results of the examination (fi g. 12) fi tted 
into the model which included three correlated 
mood dimensions: energy excitation (PE) defi ned 
as energy to act, tension excitation (PN) refl ecting 
anxiety-forming states, stress and hedonistic tone 
(TH) representing subjective feelings of pleasure 
or dissatisfaction. In the study, both drugs used 
had a benefi cial eff ect on the stress level. The 
most eff ective in reducing emotional tension was 
Vigil, with Nivalin working slightly less well. How-
ever, no signifi cant eff ect of the applied pharma-
cological agents was observed on the deteriora-
tion of mood in terms of energy excitation and he-
donistic tone in relation to the values obtained in 
the control group. The emotional state observed 
among our participants indicated good mood and 
positive attitude as a result of taking psychoactive 
substances. The observed eff ect of psychostimu-
lants in this aspect may result from a lower drug 
dose (100mg of Vigil) than, for example, in a clini-
cal trial (2018) on Provigil by Cephalon Inc. With 
a dose of 200, 300 and 600 mg, patients experi-
enced mood deterioration, fear and anxiety (30). 
Similarly, a study by Caldwell et al. (2004) showed 
that Vigil (Modafi nil) (administered in three sepa-
rate doses of 100mg each) resulted in a decrease 
in mood and perception, but this decrease was 
slowed down in relation to placebo while eff ec-
tively reducing fatigue [7]. Therefore, in terms of 
assessing the impact of psychotropic drugs on the 
emotional state, more detailed research should be 
conducted to verify the fi nal eff ect of psychostim-
ulants on the human body. 

To sum up, it can be concluded that a single 
dose of Vigil (100mg) and Nivalin (10 mg) admin-
istered in a state of severe fatigue in conditions of 
many hours of mental and physical activity (about 
32 hours) in combination with the stimulus of high-
altitude hypoxia had a benefi cial eff ect on human 
psychomotor performance in terms of assessment 
of physiological parameters important in aviation 
medicine (heart rate, internal body temperature, 
energy expenditure, total sweat loss). Both of the 
administered pharmacological agents improved 
subjective feelings both in terms of the degree of 
nuisance of the work performed and the thermal 
comfort of the body. In conditions of long-term 
sleep deprivation, the agents did not result in 
deterioration of the mood, including the state of 
excitation, which is essential for safe performance 
of tasks. Under simulated conditions of hypoxia 
(5000 m a. s.l.), Vigil and Nivalin, compared to pla-
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