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Summary. In a double-blind, placebo-controlled trial human brain function and 
mental performance as well as the antihypoxidotic properties of nicergoline 
were studied utilizing blood gas analysis, EEG brain mapping and psychometry. 
Hypoxic hypoxidosis was experimentally induced by a fixed gas combination 
of 9.8% oxygen (02) and 90.2% nitrogen (N2) equivalent to 6,000m altitude, 
which was inhaled for 23 min under normobaric conditions by 16 healthy vol- 
unteers. They received randomized after an adaptation session placebo, 10 mg, 
30 mg and 60 mg nicergoline (NIC). Evaluation of blood gases, brain mapping 
and psychometry was carried out at 0, 2, 4, 6, 8 hrs oral drug administration. 
Blood gas analysis demonstrated a drop in PO 2 from 95 to 35 and 34 mm Hg 
in the 14 and 23 min of inhalation, respectively. PCO 2 decreased too (38 to 34 
and 34 mm Hg), while pH increased (7.39 to 7.44 and 7.44). Base excess increased 
( - 0 . 6  to 0.6 and 0.4) while standard bicarbonate decreased (24.4 to 24.1 and 
23.8 mmol/1). Thus, blood gases remained stable between the 14 and 23 rain of 
hypoxia during which time the neurophysiological and behavioral evaluations 
were carried out. EEG brain mapping exhibited an increase in delta/theta activity 
mostly over the parietal, temporal and central regions (left more than right), 
while alpha activity decreased (mostly over the parietal, central, frontal, fronto- 
temporal and temporo-occipital regions). 30 and 60mg NIC attenuated this 
deterioration of vigilance. At the behavioral level, hypoxic hypoxidosis induced 
a deterioration of the noo- and thymospsyche which was mitigated by NIC. 
Based on 13 psychometric variables, the hypoxia-induced performance decre- 
ment was on the overall (2nd-8th hr) 43% after placebo as compared with pre- 
treatment normoxic values, while only 29, 24 and 31% after 10, 30 and 60rag 
nicergoline, respectively. The difference between placebo and the optimal dosage 
of nicergoline 30 mg reached the level of statistical significance (p < 0.01, multiple 
Wilcoxon). 
Keywords: Cerebral hypoxic hypoxidosis, nootropics, hypoxia model, blood 
gases, EEG brain mapping, psychometry, nicergoline, gerontopsychopharma- 
cology, antihypoxidotics. 
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Introduction 

The proof of therapeutic efficacy of so-called antihypoxidotic-nootropic drugs 
(e.g., drugs protecting against impairment of cerebral biological oxidation and 
improving the noopsyche of organic brain syndrome patients) is a difficult task 
in geriatric medicine and human psychopharmacology. Schulze (1982) postu- 
lated that the loss of adaptability to endogenous and exogenous stimuli of the 
aging organism could be operationalized by utilizing the hypoxia model, which 
has already been proposed by Maier-Lenz etal. (1980), and last but not least 
has been around for quite some time in animal pharmacology. Schaffler et al, 
(1981) could demonstrate that cyclandelate protected subjects against perform- 
ance deficits in the oculodynamic test induced by a hypoxic gas mixture con- 
taining only 11.5% oxygen. In our own approach, we utilized quantitative EEG 
and psychometric methods to evaluate human brain function and behavior 
under normobaric and hypoxic conditions induced experimentally in volunteers 
inhaling a gas combination of 11.3 % oxygen (equivalent to 4,800 meters) (Saletu 
and Griinberger, 1983, 1984), and later of 9.8% and 8.6% 02-equivalent  to 
6,000 and 7,000 meters altitude (Saletu etal., 1987, 1989, in press). 

The aim of the present study was to investigate: 1) neurophysiological and 
behavioral changes in man during inhalation of a hypoxic (9.8 % 02) gas mixture 
(equivalent to 6,000 meters) utilizing EEG brain mapping and psychometric 
methods, and 2) to demonstrate in a double-blind, placebo-controlled design 
the brain protective properties of nicergoline (NIC). NIC is a metabolically 
active, antithrombotic and vasoactive ergotalkalaid improving vigilance in both 
normally and pathologically aging subjects- as was demonstrated by quanti- 
tative EEG (Bente et al., 1979; Gessner et al., 1979; Saletu et al., 1979a, b; Saletu 
and Griinberger, 1985a; Arrigo et al., 1982; Moglia et al., 1985) and brain map- 
ping (Saletu et al., 1990). Therapeutic efficacy has been shown by recent authors 
in double-blind, placebo-controlled trials in organic brain syndrome patients 
(Arrigo et al., 1982; Dolce et al., 1985; Martucci et al., 1985; Moglia et al., 1985). 

Methods 

Sixteen healthy volunteers (8 males and 8 females) aged between 22 and 44 years (mean: 
28.7 years), weighing from 52 to 89 kg (mean 67.2 kg) and ranging in height from 163 to 
192cm (mean 173.1 cm) participated in the double-blind, placebo-controlled trial. They 
were not allowed to take any psychoactive drugs three weeks before and/or during the 
period of study, which was performed in accordance with the rules and regulations for the 
conduct of clinical trials stated in the Declaration of Helsinki, as revised by the World 
Medical Assembly at Tokyo and Venice. An informed written consent was obtained. They 
all had passed a physical, psychiatric, psychological, and EEG examination. After an 
adaptation session without drugs, they received at weekly intervals randomized oral single 
doses of placebo, 10 mg, 30mg and 60rag nicergoline (NIC). 

Induction of normobaric hypoxic hypoxidosis 

For the induction of normobaric hypoxic hypoxidosis, the subjects had to breathe through 
a mouthpiece (with their noses clipped) and via a pressure-reduction valve a special prep- 
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aration of gas containing 9.8% 02 and 91.2% N2 for a period of 23 min. The gas combination 
was fixed and was stored in 40-liter bottles under a pressure of 150 bar. The correct ratio 
of the gas mixture in each bottle was quantitatively analyzed and certified by Air Liquide. 
In the normoxic control condition, the subjects inhaled a gas mixture of 21% 02 and 79% 
N2. Hypoxemia was controlled by drawing arterialized capillary blood samples from the 
earlobe (after hyperemization of the latter) at 0 and 14 rain before and 2, 4, 6 and 8 hrs 
after drug administration. In the first and last session (hrs 0 and 8), blood samples were 
obtained also in the last minute (23rd) of the inhalation of the hypoxic gas mixture. The 
blood samples were immediately analyzed by means of an Instrumentation Laboratory pH 
Blood-gas Analyzer IL-1306, resulting in the following measurements: pH, PO2, PCO2, 
base excess (BE, mmol/1), and standard bicarbonate (retool/I). Moreover, cutaneous oxygen 
tension was continuously monitored by means of Sensor Medics Transend System consisting 
of the SN 2067 parent station and one CGS-Shuttle. 

Time schedule 

The recording day time schedule was as follows: in the morning normoxic baseline data 
were obtained including a 2-rain resting EEG (R-EEG) record and a 6-min psychometric 
test (gas mixture 21% 02, 79% N2)(Fig. 1). Thereafter, the pretreatment measurements 
continued by drawing arterialized capillary blood from the earlobes and by taking the 
systolic/diastolic blood pressure in recumbent position. Subsequently, the subjects started 
to breathe the hypoxic gas mixture for 23 rain. After 14 rain, the blood gases were analyzed 
again to control for hypoxemia; a 2-rain R-EEG record was subsequently obtained, which 
was followed by a 6-rain psychometric testing. Thereafter, the subject left the bed and 
received one of the five aforementioned drugs. Two, 4, 6, and 8 hr postdrug, the recording 
procedures were repeated in the above described manner. 

QUANTITATIVE EEG AND PSYCHOMETRIC ANALYSES DURING NORMOXlA AND HYPOXIA AFTER 

NOOTROPIC S/ANTIHYPOXIPOTICS 

PRE-  DRUG RECORDING 

NORMOXIA NORMOXlA 

21% 0 2  HYPOXIA 23rain i l ~ * O  2 

POST-DRUG RECORDINGS 2,4,6,Shrs 

HYPOXIA 23mln 

2 
EEC 

6 1 
EEG m 

PSYCHOMETRY 

9.8% 02 (6000m) 
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TRANSCUTANEOUS OXIMETRY TRANSCUTANEOUS OXIMETRY 

Fig. i. Study design on the proof of brain protective properties of nicergoline against an 
experimental hypoxic hypoxidosis as measured by EEG brain mapping and psychometric 

analysis (n" 16) 
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EEG-brain mapping 

EEG recordings were carried out by means of a 17-channel Nihon Kohden 4317 F polygraph 
(time constant; 0.3 sec; high frequency response: 35 Hz; frequency range: 0.5-35 Hz; am- 
plification: approximately 1:20,000; maximal noise level: 21.tV peak-to-peak) with the 
subjects lying relaxed with eyes closed in an electrically-shielded room. Electrodes were 
attached according to the International 10/20 system to the scalp. 17 leads (Fpl, Fp2, F7, 
F3, F4, F8, T3, C3, Cz, C4, T4, T5, P3, P4, T6, 01, and 02 to averaged mastoids) were 
digitized on-line by a Hewlett-Packard Vectra system with a sampling frequency of 102.4 Hz, 
resulting in a frequency resolution of 0.2Hz (Anderer etal., 1987; Saletu etal., 1987). 
Spectral analysis was performed using the fast Fourier transform technique in floating- 
point arithmetic to maintain precision. 

Generally, a single spectral distribution curve from one electrode and for a particular 
clinical state (e.g., pretreatment, treatment) and various recording procedures (e.g. R-EEG, 
V-EEG) is formed as the mean of 5-sec spectra from artifact-free EEG during that state. 
Artifact-free epoches (in this study 20 on the average, with the standard deviation of 7 
epochs) were selected using the Automatic Artifact Rejection method (AARM) as described 
by Anderer et al. (1987, 1989a, b). The mean spectral curves contain data from 1.3-35 Hz 
quantified into 36 variables: total power (TP); the absolute and relative power in 12 different 
frequency bands; the dominant frequency (DF) (in Hz), the relative (RP) and absolute 
(AP) power of the dominant frequency; further, the center-of gravity frequencies (centroids) 
(C) and their standard deviations (S) of the combined delta and theta (DT), alpha (A) and 
beta (B) bands as well as of the total activity (TP). 17 numbers representing variables from 
each of the 17 electrodes are processed into topographic maps, In this procedure, 17 single 
values obtained from the 10-20 electrode set are mapped onto a 64 x 64 numerical matrix. 
Each interpolated value is based on the cubic distance from the values at the three nearest 
electrodes. The resuling matrix is maintained for statistical analysis and displayed as a 
video image in pseudocolour scaled format. In this manner topographic images can be 
viewed that represent the values and spatial distribution of 36 variables and are subsequently 
plotted by a Hewlett Packard "color pro". 

To display the difference in the distribution of particular EEG variables before and 
after drug administration, the significance probability mapping (SPM) (Bartels and Subach, 
1976; Duffy et al., 1981; Saletu et al., 1987) was used. Mean and variance matrices of the 
Q-EEG variables of 16 subjects before drug administration under normoxic were compared 
with the similar matrices 2, 4, 6, and 8 hrs postdrug under hypoxia. Results of this ex- 
ploratory process were expressed in t-scores and displayed as SPM images. With such 
displays, regions of drug-induced changes were graphically delineated for each variable 
separately. Subsequently, the same method was utilized to investigate differences between 
drug-induced alterations. 

Psychometric tests 

These included the Griinberger AD test (alphabetical cross-out test for quantification of 
attention (total score), concentration (errors in percent of the total score and attention 
variability) (Griinberger, 1977); numerical memory; the Pauli test (total score and errors); 
the Griinberger (1977) psychomotor activity (Feinmotorik) test for determination of changes 
in psychomotor activity and drive, reaction time as determined on the Viennese reaction 
apparatus (msec and errors); the evaluation of mood, drive, affect and drowsiness by means 
of 100ram analogue scales. 

Clinical investigations 

These included the measurement of pulse rate, systolic and diastolic blood pressure (sitting 
position), as well as the determination of somatic findings and side effects at 0, 2, 4, 6 and 
8 hr after oral drug administration. 
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Statistical analysis 

The exploratory statistical analysis consisted of the three-way analysis of variance (AN- 
OVA), the Neuman-Keuls test, the t-test, discriminant analysis, Friedman's test, and the 
multiple Wilcoxon test. 

Results 

1. Blood gases 

Inhalation of the 9.8% 02 gas mixture resulted in a drop from 95mm Hg in 
the pretreatment normoxic recording period down to 35 and 34 mm Hg in the 
14th and 23rd min of hypoxia (Table 1). Carbon dioxide tension (PCO2) de- 
creased from normoxic values of 38 to hypoxic values of 34 in the 14th and 
23rd min of hypoxia, pH increased slightly from 7.39 to 7.44 and 7.44 in the 
14th and 23rdmin, respectively. Base excess increased from - 0 . 6  to 0.6 and 
0.4mmol/1, while standard bicarbonate decreased from normoxic value of 
24.4mmol/1 to 24.1 and 23.8mmol/1 in the 14th and 23rdmin, respectively 
(Table 1). Thus, blood gases remained stable between the 14th and 23rdmin of 
the inhalation of the hypoxic gas mixture, during which time the 
neurophysiological and psychometric evaluations were carried out. Moreover, 
the alterations of blood gases remained identical upon repeated inhalation of 
the hypoxic gas mixture in the hr 0, 2, 4, 6, and 8 after drug administration 
(Table 2). 

2. EEG brain mapping 

Delta/theta activity (1.3-7.5 Hz, relative power) increased significantly under 
hypoxia as compared with normoxia after placebo throughout all recording 

Table 1. Blood gases during a 23 minutes lasting inhalation of a hypoxic gas mixture 
(9.8% O2, 90.2% N2) 

Blood gases Mean (standard deviation) Differences 

A B C 
Minute 0 Minute 14 Minute 23 

PO2 (mmHg) 95.3 (6.7) 34.5 (6.0) 33.6 (7.1) 

PCO2 (mmHg) 37.9 (2.5) 33.7 (2.1) 23.0 (2.3) 

pH 7.39 (0.02) 7.44 (0.03) 7.44 (0.03) 

Base excess -0.6 (0.8) 0.6 (1.1) 0.4 (1.0) 
(nmol/1) 

Standard 24.4 (0.6) 24.1 (0.9) 23.8 (0.8) 
bicarbonate 
(nmol/1) 

A:B**; A: C**; B:Cn. s. 

A:B**; A:C**; B:Cn. s. 

A:B**; A:C**; B:Cn. s. 

A:B**; A:C*; B:C n. s. 

A:B n. s,; A:C*; B: C n.s. 

*p<0.05; ** p<0.01 
Multiple Wilcoxon (n: 16) 
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Fig. 2. Brain protection of nicergoline against hypoxia as demonstrated by EEG brain 
mapping of the relative delta/theta power under hypoxia (H) (9.8% 02) 2, 4, 6 and 8 hr 
after placebo, 10, 30 and 60rag nicergoline as compared with normoxia (N) (21% O2) 
(n: 16). The eight colour scale shows hypoxia-induced changes 2, 4, 6 and 8 hr (top to 
bottom row) after administration of placebo, 10 rag, 30 mg and 60 mg nicergoline (left to 
right column) based on t-values expressed in p-values: dark blue, decrease at p < 0.01; light 
blue, decrease at p <0.05; dark green, decrease at p <0.1; light green, trend towards 
decrease; light yellow, trend towards increase; orange, increased at p <0.1; red, increase 
at p <0.05; violet, increase at p <0.01. Under placebo/hypoxia conditions, delta/theta 
activity increases specifically over the parietal and temporal and central regions which is 

attenuated by 30 and 60 mg nicergoline 
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Fig. 3. Brain protection of nicergoline against hypoxia as demonstrated by EEG brain maps 
of a relative alpha power under hypoxia (H) (9.8% 02) 2, 4, 6 and 8 hrs after oral admin- 
istration of placebo, 10 mg, 30 mg and 60 mg nicergoline as compared with normoxia (N) 
(21% 02) (n: 16). For technical description of the maps and explanations of the color key 
see Fig. 2. Under placebo/hypoxia conditions, alpha activity decreases which is attenuated 

by 30 and 60 mg nicergoline 

sessions (Fig. 2). Topographically, this was specifically pronounced over the 
parietal, temporal, and central regions with a left-sided augmentation. Nicer- 
goline attenuated this hypoxia-produced increase of slow activity specifically 
after administration of the 2 higher doses 30 and 60mg. Differences between 
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drug-induced and placebo-induced changes were significant mostly in the left 
and right temporal, left temporo-occipital and temporo-frontal as well as left 
parietal region. 

Alpha activity (7.5-13 Hz, relative power) decreased significantly under hy- 
poxia as compared with normoxia after placebo administration throughout all 
recording sessions, which was mostly seen over the parietal, central, frontal, 
fronto-temporal and temporo-occipital regions (Fig. 3). These hypoxia induced 
changes were mitigated by 30 and 60mg nicergoline but not so after 10rag 
nicergoline after which alpha attenuation was even slightly more pronounced. 
Indeed, comparison between drug-induced and placebo-induced alterations 
demonstrated a slightly more pronounced alpha attenuation after 10 mg nicer- 
goline over the right temporal, right and left temporal regions while a trend 
towards the opposite direction was observed after 30mg nicergoline and a 
significant alpha augmentation as compared with placebo was observed after 
60 mg nicergoline in the right frontal region. 

Beta activity (13-35Hz, relative power) demonstrated under hypoxia as 
compared with normoxia after placebo a significant decrease in the 2nd and 
4th hr in the left temporal region. In contrast, beta acitivty was augmented after 
all three nicergoline doses, specifically so over the frontal, central, parietal and 
left fronto-temporal as well as right occipito-temporal regions after 10 mg. After 
30 m g a  beta increase was observed over the occipital region at all times while 
this was the case after 60 mg nicergoline in the 4th and 8th hr with an additional 
augmentation of beta power over the left fronto-temporal and temporo-occipital 
areas. Comparison between drug-induced and placebo-induced alterations dem- 
onstrated a significant augmentation of beta activity over temporal regions after 
all three doses of nicergoline as compared with placebo and more so over the 
frontal and central regions in the 4th hour after 10mg nicergoline. 

The centroid of the total activity was slowed down under hypoxia as com- 
pared with normoxia after placebo administration, specifically over the left 
temporal, temporo-occipital, parietal and right central regions (Fig. 4). This 
slowing was blocked and even converted to an acceleration after all three 
nicergoline doses. Contrarily, after 10rag nicergoline an acceleration was ob- 
served in the 4th throughout the 8th hr over the left frontal and temporal regions. 
Comparisons between drug-induced and placebo-induced alterations demon- 
strated a significant acceleration of the centroid after all three nicergoline doses 
mostly over the temporal regions with the left sided accentuations which was 
mostly seen after the 10 mg dosis. 

3. Psychometric findings 

Multivariate statistical analysis by means of MANOVA and discriminant anal- 
ysis considering changes in 13 psychometric variables at all times (hrs. 2, 4, 6, 
and 8) after three doses of nicergoline and placebo demonstrated that after 
placebo a significant deterioration of mental performance occurred at all times 
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Fig. 4. Brain protection of nicergoline against hypoxia as demonstrated by EEG brain maps 
of the centroid of the total power spectrum under hypoxia (H) (9.8% 02) 2, 4, 6 and 8 hrs 
after oral administration of placebo, 10 mg, 30 mg and 60 mg nicergoline as compared with 
normoxia (N) (21% 02) (n: 16). For technical description of the maps and explanations 
of the color key see Fig. 2. Under placebo/hypoxia conditions, the centroid is slowed down 

which is attenuated and even converted to an acceleration after all 3 nicergoline doses 

under  hypoxia (Fig. 5). This was also the case after 10 and 60mg nicergoline 
while deteriorat ion after 30 mg nicergoline reached only the level of  statistical 
significance under  hypoxia as compared  with normoxia  in the 6th hour.  Inter- 
drug comparisons demonstra ted  that  30 mg nicergoline was superior to placebo 
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at all times in regard to protection against mental deterioration under hypoxia, 
while after 10 mg and 60 mg nicergoline this was the case in the 2nd and 6th hr 
(Fig. 5), Thus, in the 2nd and 6th hr nicergoline produced a significant protective 
effect in all three doses as compared with placebo. 

Evaluation of changes in all psychometric variables in percent of baseline 
values obtained throughout all hypoxia sessions demonstrated that mentM per- 
formance deteriorated under hypoxia/placebo by 43% while after 10, 30 and 
60mg only by 29, 24 and 31% (Fig. 6). The difference between 30rag and 
placebo reached the level of statistcal significance (p < 0.01, multiple Wilcoxon). 

Univariate analysis: Attention deteriorated significantly under hypoxia after 
placebo administration, but not after nicergoline (Table 3). As compared with 
placebo, 60 mg offered a significant protection in the 2nd and 8th hr. 

Concentration deteriorated under hypoxia after placebo in the 2nd and 8th hr 
while after nicergoline no significant changes occurred. 10 mg nicergoline were 
found significantly superior to placebo (Table 3). Numerical memory deterio- 
rated under hypoxia significantly after placebo, 10 and 30 mg at all times, while 
after 60 mg nicergoline only in the 2nd hr (Table 3). As compared with placebo, 
60mg nicergoline offered a significant protection in the 4th, 6th and 8th hr. 
Correct calculations in the Pauli test decreased significantly under hypoxia after 
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Fig. 5. Mental deterioration under hypoxia at hrs 2, 4, 6 and 8 after nicergoline and placebo 
based on the discriminant analysis (centroids) of changes in 13 psychometric variables. 
Time is shown in the abscissa, the centroid distance from pretreatment under normoxia is 
represented in the ordinate. Under placebo/hypoxia conditions mental deteriorations is 
observed at all times, which is attenuated by all three doses of nicergoline in the 2nd and 

6th hr 
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Fig. 6. Mental deterioration under hypoxia (9.8% 02) after nicergoline and placebo based 
on changes (hrs 2-8 post drug) in 13 psychometric variables (in percent of base line values, 
means and 4- SEM). After placebo, mental performance deteriorate under hypoxia by 43% 
of normoxic base line values while after 10, 30 and 60 mg nicergoline only by 29, 24 and 

31%, respectively 

placebo, 30 and 60mg nicergoline while after 10mg no significant changes 
occurred (Table 3). Thus, 10 mg nicergoline were significantly superior to pla- 
cebo in the 6th hr. Evaluation of errors in the Pauli test showed a significant 
increase under hypoxia after placebo in the 6th hr, while after nicergoline no 
significant changes occurred. 10 and 60 mg nicergoline were found superior to 
placebo in the 6th hr. 

Psychomotor performance deteriorated under hypoxia after placebo at all 
times as was the case also after 10 mg nicergoline while after 60 mg nicergoline 
this occurred only in the 4th and 8th hr and after 30 mg nicergoline at no times. 
The reaction time lengthened under hypoxia after placebo in the 4thhr and 
after 10mg nicergoline in the 2nd, 6th and 8thhr but not so after the higher 
doses (Table 3). 

Drive deteriorated under hypoxia and placebo at all times as was the case 
with the lowest doses of 10mg nicergoline while after the higher doses no 
significant changes occurred anymore. Thus, 30 mg nicergoline was significantly 
superior to placebo at all times (Table 3). Similar findings were observed also 
in regard to affectivity which deteriorated under hypoxia and placebo at all 
times as well as after 10mg nicergoline. After 30 and 60mg nicergoline no 
significant deterioration occurred anymore with the difference to placebo reach- 
ing the level of statistical significance after 30 mg nicergoline at all times. Mood 
deteriorated under hypoxia after placebo in the 4th and 6thhr, while after 
nicergoline no significant changes occurred (Table 3). Thus, 30 mg nicergoline 



I 

~D 

+ 
0 

c - I  ' 

~:c c~ 

N 

.~ ,, ~ : ~  ~ ~ + 
~:~ ~ + 

~ N 
~ m ~ m 

�9 ~,~ ' 

m ~ 

O ~  ~- ~ 
~c 

~ z ~ 

~ N 

% 

~ * 

0 

IJ 

+ 

I 

~J 
I 

% ~ % % % 
co ~o ~ ~o ~o ,~o 

II -~- -}- 

co co co 

I 
~ co 

~o ~o ~ ,,o 

~ '  + 

co co 

�9 ~ . 

i 

3IH3ASdONAHI 31H3A~dOON OlgOqOISXHd 

Z 

v 

G, 

II 

0 

+ 
+ 

v 

V 
C k  

c;l 

I 
�9 

+ 

r 
V 

* 

> 
�9 

0 

0 

0 



318 B. Saletu etal. 

were significantly superior to placebo at all times as was 60 mg nicergoline in 
the 8th hr. 

Sedation tended to increase under hypoxia after placebo while a significant 
decrease occurred after 30 mg nicergoline in the 4th and 8th hr. As compared 
with placebo, 30 mg nicergoline was significantly superior at all times. 

4. Pulse, blood pressure and side effects 

Side effects and somatic complaints were reported by 6, 9, 3 and 4 subjects out 
of 16 under hypoxia after administration of placebo, 10, 30, 60 mg nicergoline, 
respectively. In detail, after placebo 4 subjects reported slight to moderate 
giddiness while moderate palpitations, dizziness, tiredness and headaches were 
reported by 1 each. After 10rag nicergoline slight to marked giddiness was 
reported by 4 subjects, slight to marked dizziness by 4, slight to moderate 
palpitations by 2 as well as slight numbness, moderate paresthesia, tiredness, 
heat sensations and headaches by 1 subject out of 16 each. After 30mg nicer- 
goline, slight to moderate giddiness was reported by 2 subjects, moderate to 
marked heat sensations by 1 and moderate palpitations by 1. After 60rag 
nicergoline, slight to moderate giddiness was reported by 2, slight dizziness by 
3 and slight tiredness by 1 subject. Thus, both the frequency and degree of side 
effects and somatic complaints under hypoxia decreased after the administration 
of the two higher doses of nicergoline. 

Pulse rate increased under hypoxia after all four substances (Table 3). The 
increase in the 2nd and 8thhr after 10mg as well as in the 6thhr after 60mg 
was less pronounced then after placebo. Increases were in the average between 
8 and 22 beats per minute. Systolic blood pressure increased only after placebo 
at all times (on the average between 8 to 11 mm Hg) and after 30 mg nicergoline. 
The increase was less pronounced in the 2ndhr after 10mg and in the 6thhr 
after 60mg nicergoline than placebo (Table 3). Diastolic blood pressure showed 
no significant changes over time nor significant differences of placebo. 

Discussion 

Inhalation of a normobaric hypoxic gas combination of 9.8 % oxygen and 90.2 % 
N2 resulted in a group of 16 normal volunteers in a mild-to-moderate cerebral 
hypoxic hypoxidosis, which could be substantiated both by neurophysiological 
and behavioral methods. 

The hypoxic hypoxidosis could be caused by several factors, most obviously 
by a lack of oxygen with resulting sequelae described by Hamer et al. (1978). 
As was pointed out by Hoyer (1981), the normal human brain with a weight 
of approximately 1400 grams requires in a 24hr period approximately 1000 
liter blood, 71 liter oxygen, and 100 gram glucose, while releasing in the same 
period about 71 liter carbon dioxide and 7 gram lactate. A deficit of either 
blood or the energy carriers leads necessarily to a hypoxidosis as defined by a 
Strughold already in 1944 in terms of an impaired cerebral biological oxidation. 
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As a consequence, neurological and/or psychiatric symptoms may develop. 
Respiratory hypoxia leads, of course, also to a hyperventilation and hypocapnia, 
with itself produces constriction of cerebral arteries with a resulting decrease 
in cerebral blood flow (Kahn, 1981). Finally, alkalosis as is reflected by increased 
pH levels leads to a slowing of the background EEG as is known since the 
early days of the EEG, as well as through an activation of paroxysmal activities 
to abnormal EEG features (Takahashi, 1982). Interestingly, the precipitation 
of seizures by hyperventilation as well known prior to the discovery of the 
human EEG (Foerster, 1924). 

Indeed, in our present studies the blood gas changes led to a cerebral hypoxic 
hypoxidosis neurophysiologically characterized by an increase of delta/theta 
activity, decrease of alpha activity and a slowing of the centroid. It is of interest 
that the increase of delta/theta activity was most pronounced over the parietal 
and temporal regions (with a left-sided accentuatiuon) which is reminiscent of 
our EEG brain mapping results obtained in dementia patients of the Alzheimer 
type as compared with normal controls (Saletu et al., 1988). These changes in 
the computer-assisted spectral-analyzed EEG are indicative of deterioration in 
vigilance. Vigilance was defined by Head (1923) as the availability and grade 
of organization of human's adaptive behavior dependent upon the dynamic 
state of the neuronal network, which in turn may be measured objectively and 
quantitatively by the computer-analyzed EEG (Bente, 1977; Saletu, 1981, 1986, 
1989; Saletu and Grfinberger, 1985b). 

Our neurophysiological results under hypoxia are identical with our previous 
quantitative EEG and recent brain mapping data (Saletu and Grfinberger, 1983, 
1984; Saletu etal., 1989) and they also agree with earlier visually evaluated 
EEG data reflecting a slowing of brain activity (Prawdicz-Neminski, 1925; 
Berger, 1934; Gibbs etal., 1935; Opitz and Schneider, 1950; Kornmiiller etal., 
1942; Opitz and Palme, 1944; Malkin, 1963; Gurvich and Ginsburg, 1977; 
Brezinova etal., 1979; Rebuck etal., 1976). 

That brain function was indeed impaired under hypoxia was confirmed at 
the behavioral level demonstrated by psychometric tests. There was a significant 
deterioration in attention, concentration, memory, performance in the Pauli 
test, psychomotor activity and slowing of reaction time. In addition to this 
noopsychic dysfunctions a deterioration in thymopsychic variables such as 
mood, drive and affectivity were observed. A deterioration in psychomotor 
performance as evaluated by means of the Viennese Determinations Apparatus 
was demonstrated by Maier-Lenz etal. (1980), who found a stochastic con- 
nection between correct and wrong reponses and the arterial oxygen tension. 
They postulated that the hypoxia model might be useful in testing "cerebroac- 
tive" drugs. Indeed, utilizing physiologic variables such as the oculodynamic 
measures, Schaffler et al. (1981) demonstrated that cyclandelate protected vol- 
unteers against the effects ofhypoxia. Schaffler reported such protective qualities 
also for piracetam (Schaffler, 1986). 

Our psychopharmacological studies demonstrated brain protective prop- 
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erties of nicergoline, as the hypoxia-induced delta/theta increase and alpha 
decrease was attenuated by the 30 and 60 mg doses. The attenuation of the 
delta/theta increase was mostly observed over the temporal regions. Nicergoline 
itself produced obviously a decrease of delta/theta activity and an increase of 
alpha and beta activity which confirms our previous studies with this drug in 
elderly people (Saletu et al., 1979a, b, 1990; Saletu and Grfinberger, 1985a), but 
also reports of other investigators concerning CNS effects of ergotalkaloids 
(Matejcek and Devos, 1976; K6berle and Spiegel, 1984; Kugler et al., 1978). 

The fact, that the hypoxia-induced slowing of the brain waves was mostly 
seen over the temporal and parietal regions as well as the observation that 
nicergoline-induced decrease of delta/theta and increase of beta activity were 
most pronounced over the temporal and frontal regions were in as much of 
interest as in our recent brain mapping study in SDAT patients we could 
demonstrate that, as compared with normals, an increase of delta/theta and a 
decrease of alpha and beta activity occurred mostly over the parietal and tem- 
poral regions (Saletu et al., 1988). Thus the differences occurred in those regions 
described as the most abnormal also in neuropathology, neurochemistry and 
neuroimaging (Najlerahim and Bowen, 1988; Risberg, 1981; Duara et al., 1986; 
Haxby etal., 1986; Tamininga etal., 1987; Frackowiak etal., 1981; Friedland 
etal., 1983, 1985; Bustany etal., 1983; Creasey etal., 1986; Pettigrew etal., 
1987). MID patients, however, showed in our own brain mapping studies a 
marked increase of slow activity as compared with normal controls over the 
whole brain which may be due to the fact, that infarcted brain regions and 
their penumbras produce generally more pronounced EEG abnormalities than 
degenerated ones and that - as they are located in different regions of individual 
patients - they may add up in the mean SPM-image of the total patient group. 
Our findings of a slowed centroid of the total activity over the parietal regions 
are of interest in the light of the PET findings of Frackowiak etal. (1981) that 
MID patients showed most pronounced defects in the parietal regions. That 
EEG slowing in dementia (reflecting a decrease of vigilance) is correlated to 
clinical symptomatology was demonstrated by us utilizing a regression and 
correlation analysis of the median of the log corrected delta/theta power and 
the SCAG score: the higher the percentage of delta/theta activity, the higher 
the SCAG score (Saletu etal., 1988). This relationship found by topographic 
brain mapping confirms previous data obtained by single lead recording (Saletu 
and Grfinberger, 1985b). 

In our present investigations 30 mg nicergoline seemed to be the optimal 
doses as far as protection against the hypoxia-induced delta/theta increase was 
concerned, followed by 60 mg nicergoline. Time-wise the protective effect was 
observed as early as in the 2nd hr and with the highest doses seen up to the 
8th hr. The peak effect fell into the 4th-6th hr. This is in agreement with our 
previously recorded pharmacodynamic peaks based on quantitative EEG in- 
vestigations in elderlies (Saletu et al., 1979a, b) but also based on brain mapping 
investigations with nicergoline (Saletu et al., 1990). 
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Psychometric data added further evidence for brain protective properties 
of nicergoline, as all three doses demonstrated a significant attenuation of 
hypoxia-induced deterioration of mental performance and the thymopsyche in 
the 2nd and 6th hr. Calculating the performance deficit under hypoxia in percent 
of the normoxic base-line values in all variables, it turned out, that under 
placebo/hypoxia of 6,000 m altitude performance deteriorated by 43% while 
under nicergoline only between 24 to 31% with the 30mg doses being the 
optimal dosis. The latter was also the case in regard to amelioration of hypoxia- 
induced somatic complaints which were characterized by giddiness, dizziness, 
headaches, tiredness and palpitations in 6 out of 16 subjects after placebo, in 
9 after 10mg nicergoline while only in 3 and 4 after 30 and 60mg nicergoline. 
Thus, the complaints were reduced both in frequency and degree after the 30 
and 60 mg doses. 
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