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EEG Brain Mapping in Gerontopsychopharmacology :
On Protective Properties of Pyritinol Against Hypoxic
Hypoxidosis

B . Saletu . P. Anderer, and J . Gruenberger

EEG brain mapping has been shown to be a valuable method in ncuropsycho-
pharmacology and gerontopsychopharmacology (Saletu et al., 1987) . Nootropic/
antihypoxidotic drugs improve vigilance both in normally and pathologically aging
subjects (Saletu and Gruenberger, 1985) . In a recent double-blind, placebo-
controlled study, we applied EEG mapping and psychometric techniques to
demonstrate brain protective properties of pyritinol against an experimental hypoxic
hypoxidosis .

Twelve healthy volunteers, who ranged in age from 24 to 34 years (mean = 27
years), received the following oral treatments randomized at weekly intervals :
placebo, 600 mg pyritinol, and 1,000 mg pyritinol under normobaric hypoxic
conditions (9 .8% 02, 90.2% N2), and placebo under normoxia (21% Oz , 79% N2) .
The reversible hypoxic hypoxidosis was induced repetitively for 23 min (before and
I, 3, 5, and 7 hours after oral drug administration) by inhalation of a hypoxic gas
mixture (equivalent to 6,000 m altitude). Hypoxemia was checked by blood gas
analyses of arterialized capillary blood samples from the hyperemized earlobe (PO .,
PCO2 , pH, base excess, standard bicarbonate) .

EEG recordings, psychometric tests, and evaluations of pulse, blood pressure, and
side effects were carried out at 0, I, 3, 5, and 7 hours . Seventeen leads were recorded
and digitized off line (Anderer et al ., 1987) . Spectral analysis from 0 to 35 Hz was
performed using the Fast Fourier Transform resulting in 36 variables . The latter
were processed into topographic maps using a 64 X 64 numerical matrix . EEG
differences between hypoxia and normoxia under pyritinol and placebo were
displayed by significance probability mapping . Psychometric investigations included
the measurement of noopsychic functions .

Blood Gas Analysis. Inhalation of the hypoxic gas mixture resulted in a drop of
PO, from a pretreatment value of 95 mmHg to 39 mmHg after 14 min . P02
remained stabile thereafter until the end of the recording session (39 mmHg in the
23rd min) . PCO 2 decreased from 38 to 32 and 32 mmHg, whilepH increased from 7 .4
to 7.5 and 7.5, respectively . Base excess decreased initially from 0 .9 to 0.6 but
increased later to 1 .5 nmol/ 1 . Standard bicarbonate did not show significant changes
(p< 005, Multiple Wilcoxon). Blood gas alterations were identical in the recording
sessions at I, 3, 5, and 7 hours .
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Absolute power of delta/theta activity increased under hypoxia/placebo as
compared to normoxia/placebo all over the brain, but specifically over the left
occipital (0), parietal (P), temporal (T), and central (C) regions . The changes were
most pronounced in the Ist and 7th hours, while in the 3rd and 5th hours differences
between hypoxia and normoxia were smaller, obviously due to a spontaneously
occurring decline in vigilance at noon and in the early afternoon . Doses of 600 mg
and 1,000 mg pyritinol attenuated the hypoxia-produced changes . One hour after
1,000 mg pyritinol, slow activities even tended to decrease over the 0 and P regions .
Relative power of delta/theta activity also significantly increased under
hypoxia/placebo as compared with normoxia/placebo, mostly over the frontal (F),
the left C, both 0 regions, and the right occipitotemporal (OT) regions (Fig . 1) . In
the 7th hour, i .e ., at the end of the recording day, the hypoxia-induced augmentation
of delta/theta activity was even more pronounced (Fig. 2) . Doses of 600 mg and 1,000
mg pyritinol attenuated the hypoxia-induced augmentation of slow activity .

Absolute alpha power showed only minor changes under hypoxia . Under 600 mg
pyritinol there were no significant differences from placebo, except for an alpha

Fig . 1 . Significance of relative EEG power change 1 hour after pyritinol

Significance probability maps with blue and light blue p <0 .01 and 0 .05 (decrease) and red and violet p<0.05 and
0.01 [increase). Columns are placebo, 600 mg, and 1,000 mg from left to right rows are 1 .3-7.5 Hz, 7.5-13 Hz, and
13-35 Hz from top to bottom . Maps compare activity (n = 12) under hypoxia (H) (9 .8% Oz) and normoxia (21% 021 .
Under placebo/hypoxia conditions, delta/theta activity increases specifically over both F, the left C and 0, and the right
O and Or regions, while alpha activity decreases. Doses of 600 and 1,000 mg attenuate the deterioration of vigilance
associated with hypoxia. There are no marked alterations in the beta band .



Fig. 2. Significance of relative EEG power change 7 hours after pyritinol

389

u r,:f e I .

See legend to Fig . 1 . Hypoxia induces a marked increase in deltallheta activity, decrease of alpha activity, and
increase of beta activity, which is attenuated at this time only by the higher dosage of pyritinol (1,000 mg) .

attenuation over the right 0 region . A dose of 1,000 mg pyritinol significantly
augmented alpha power over the left T region in the I st, 3rd, and 7th hours . Relative
alpha power demonstrated under hypoxia/placebo an attenuation over the left F
and T regions as well as over the O and right OT regions (Fig . 1). At the end of the
recording day, this alpha attenuation was more pronounced and evident all over the
brain, except the frontopolar (FP) and frontotemporal (FT) areas (Fig . 2) . Pyritinol
attenuated these hypoxia-induced changes markedly ; in the 7th hour this was only
seen after the 1,000 mg dosage .

Absolute beta power increased under hypoxia over the left T region and the vertex
in the 1st hour and all over the brain in the 7th hour. After 600 mg pyritinol there
was an increase in the 1st and 7th hours and an even greater increase in the 5th hour .
After 1,000 mg pyritinol beta activity increased in the Ist hour over both the FT and
F regions, as well as over the left F, T, C, P, and TO regions . In the 7th hour beta
activity was augmented all over the brain as compared with normoxia/placebo
(except both T regions and the right C regions) . Relative beta power remained rather
stable in the initial hour of the recording day (Fig . 1), while in the 7th hour there was
an increase over the right 0, P, and C regions under hypoxia . After pyritinol there
were only minor changes in the 1st hour, characterized by a decrease over the right C
regions after 600 and 1,000 mg pyritinol and an increase over the left FP and OT
regions after the higher dosage . In the 7th hour after 600 mg pyritinol, beta activity
was increased over both 0 and the right P and the right P and OT regions (Fig . 2) .
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After 1,000 mg similar findings were observed with an additional increase of beta
activity over the right F and left OT regions .

Total power increased significantly under hypoxia as compared with normoxia
over almost the whole brain . This increase was attenuated by 600 mg pyritinol in the
I st hour as well as the 7th hour . After 1,000 mg pyritinol an attenuation was seen in
the 1st hour, while in the 7th hour there was a slight increase . Pyritinol under
normoxic conditions augmented total power (Saletu et al ., 1987) . The centroid of the
total activity slowed down under hypoxia/placebo . In contrast, there was an
acceleration over the FP, 0, and O'1' regions after the administration of the higher
dose of pyritinol . The latter may be regarded as a drug-specific effect . The centroid
deviation of the total activity increased markedly under hypoxia all over the brain in
the 7th hour . This increase was attenuated dose-dependently by pyritinol .

Evaluation of the changes in all 13 psychometric variables obtained at all times
demonstrated that mental performance deteriorated under hypoxia/ placebo by 68%
compared with baseline values . This deterioration was attenuated by 600 mg and
1,000 mg to 21% and 12% respectively (Fig. 3). Under normoxia, the performance
decrement was 7% .

Fig. 3. Mental deterioration after placebo and hypoxia
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Mental deterioration under hypoxia and normoxia after placebo and pyritinol based on changes (hours 2-8 postdrug) in
13 psychometric variables (in % of baseline values with SEM) . After placebo, mental performance deteriorated under
hypoxia by 68% of baseline values ; after 600 mg and 1,000 mg pyritinol by only 21% and 12%, respectively. The dose
of 1,000 mg pyritinol provides so much brain protection that there is no significant difference from normoxic
pretreatment values .
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