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Vezzani G, Pizzola A, Stefanini P., Rastelli G, Vescovi PP, Casti A, Solari G, Menozzi P.
Polyamines, B-endorphins, adrenocorticotrophic hormone, and prolactin in prolonged
exposure to hyperbaric oxygen. ] Hyperbaric Medicine 1991; 6(3):199-213.—Relations
between hyperbaric oxygen (HBO) treatment and endocrine hormone levels are not well
known. We investigated the changes in B-endorphin (B-EP), adrenocorticotrophic hormone
(ACTH), prolactin (PRL), and polyamine levels during intermittent HBO treatment for 10
days. The measurements were obtained during acute exposure and during chronic expo-
sure. Eight healthy male adults were recruited to undergo 1 HBO treatment per day, for
two successive, 30-min periods, for 10 days. A statistically significant increase was observed
in values of B-EP and ACTH, each increase respecting normal circadian rhythm. Moreover,
PRL levels increased but were not statistically significant during the entire 10 days of
treatment. Polyamines (spermine and spermidine) were sampled, and their values increased
significantly in the chronic phase of treatment; 3 days after HBO suspension all values
returned to base levels.
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Introduction

Information regarding the endocrine effects of hyperbaric oxygen (HBO)
exposure is poorly documented in current literature. In rats, a functional
corticosuprarenal stimulation has been observed (1, 2) and a reduction in
testosterone levels (3); in humans, it has been noted that thyroid hormones
remain unaffected (4). There is no evidence of a link between HBO and
polyamines, molecules that are ubiquitously distributed (5) and are sensitive
to a wide range of stimuli (6-8).
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The purpose of this paper is to investigate the variations in adrenocorticotro-
phic hormone (ACTH), B-endorphin (B-EP), and prolactin (PRL) levels and
to examine the link between these substances and plasmatic polyamines
(spermine and spermidine) in healthy male adults, both in acute and chronic
exposure to HBO.

Materials and Methods

Eight healthy male adults belonging to the Federazione Italiana Attivita
Subacquea (FIAS), aged between 28 and 48 yr, were informed and consented
to the study. All observations started at 8:00 a.m., after a 12-h overnight fasting
period, with total abstension from alcohol and tobacco as well as maximum
reduction of physical activity. Two identical compression exposures were
given to each subject, once on compressed air, and another time with O,
Each compression series was performed for 10 days consecutively, at the rate
of one per day, in a multiplace hyperbaric chamber with air compression.
The oxygen pressure of 2.8 atm abs was attained on average within 9 min.
The HBO exposure time, 60 min in all divided into two periods of 30 min
with a 3-min interval in air, was calculated only after the desired oxygen
pressure had been attained by oxygen breathing inside the chamber.

The study sequence is detailed at the bottom of Fig. 1. A blood sample was
drawn 30 min before each subject entered the chamber (A), at the time of
entry (B), at 30 min, and at 60 min after exposure (C) and (D). These values
reflect the changes induced by acute exposure on Day 1.

On Day 5, two further blood samples were taken at the beginning (E) and
at the end of the treatment (F).

On Day 10, blood was drawn at the beginning (G) and at the end (H) of
the treatment. These values are described as chronic (E), (G), or indicative of
the acute exposure in chronic phase (F), (H).

(A), (B), (E), and (G) are considered basal values. All values were redeter-
mined 3 days after suspension of HBO, i.e., 13 days after the beginning of the
study (I).

Blood samples were maintained on ice in test tubes containing 0.2 ml
of EDTA and 0.2 ml of aprotinine, up to the moment of low temperature
centrifugation. The plasma obtained was preserved at —70°C until ACTH and
B-EP dosage. ACTH and PRL dosages were performed by radioimmunoassay
using the Nichols Institute Kit (St. Juan Capistrano, CA); in our laboratory the
sensitivity of the method is 15 pg/ml with intra- and extra-assay coefficients of
variation (CV) of 6 and 10%, respectively. B-EPs were determined by an
immunoradiometric method using a commercial kit (Allegro, Nichols Insti-
tute); the sensibility is 10 pg/ml with intra- and extra-assay coefficients of
variations of 7 and 10%, respectively. For polyamine dosage, 1 ml of blood
was introduced into test tubes to which 1 ml of perchloric acid (6%) was
subsequently added; then an elution in 72-butanol and extraction of the dansyl
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FIG. 1—Plasmatic modifications of ACTH, B-EP, and PRL during acute and acute-in-
chronic-phase HBO exposure.

derivates of polyamines by high performance liquid chromatography were
performed.

The statistical analysis was carried out by means of variance analysis for
repeated values when comparing groups and through the Friedman test when
comparing increments.

Moreover, the linear trends of the substances being investigated were taken
into consideration after HBO exposure with reference to the values obtained
after exposure to air at 2.8 atm abs for 60 min (9).
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Results

The values obtained for B-EP are shown in Fig. 1 zop and in Fig. 2. HBO
exposure induces a significant increase, both at time 30 min (P < 0.05) (C)
and at time 60 min (P < 0.01) (D), during the first day of treatment.

Figure 2 top shows a significant difference in the linear trend of the HBO-
air values (P < 0.001), with P = 0.02 at the 2nd of the first period and P <
0.001 at the end of the second period.

After Day 5, B-EP values undergo a significant increase with respect to basal
values (P < 0.05; F). After Day 10, a significant rise is observed in basal values
(P < 0.05; H). No significant variations are seen in basal values on Day 1, 5,
10 (B, E, G). No significant difference is noted in the increase obtained during
the 3 days (D, F, H).

Adrenocorticotrophic hormone values are shown in Fig. 1 center and in
Fig. 3. HBO exposure causes an increase in ACTH values compared with basal
values, both at the end of the first period (P < 0.05) (C) and at the end of the
second period (P < 0.05) (D), on the first day of treatment. A significant
difference is observed in the linear trend of HBO/air values (P < 0.02) at the
end of the first and second periods (Fig. 3 top).

After Day 5, ACTH levels increased significantly compared with basal values
(P < 0.01; F). After Day 10, ACTH values undergo a significant rise compared
with basal values (P < 0.005) (H). No significant variations are observed in
basal values on Days 1, 5, or 10 (B, E, G). No difference is observed in the
increases obtained on the same days (P < 0.88) (D, F, H).

Prolactin values are reported in Fig. 1 bottom and in Fig. 4. After HBO
exposure, PRL increases on Day 1 at time 30 min (C), reaching statistically
significant values at time 60 min (D) (P < 0.001).

A significant difference is observed in Fig. 4 top in the linear trend of the
HBO-air values (P < 0.003) with P < 0.01 at the end of the first and second
periods. After Day 5, PRL levels show an increasing tendency (F) but the
increase is not significant (F). After Day 10, there is a rising tendency but this
is not significant (H).

Polyamines (Figs. 5 and 6)

During Day 1 of HBO exposure, polyamine levels reveal no significant
variations with respect to basal values. The comparison of linear oxygen-air
levels reveals no appreciable difference.

After Day 5, basal values increase significantly in comparison to the basal
values of Day 1 [P < 0.02 for spermine (SPM), P < 0.01 for spermidine (SPD))
and do not undergo significant variations at the end of the treatment at time
60 min. After Day 10, basal values increase with respect to those of Days 1 and
5 (P < 0.007 for SPM, P < 0,001 for SPD) and remain unvaried after 60 min
of HBO treatment. On Day 13 (3 days after suspension of HBO), values
obtained correspond with basal values at the beginning of the experiment.
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FIG. 2—Top, linear trends of B-EP (pg/ml) in acute exposure to compressed air (open
circles) and to HBO (plus signs). Bottom, trends in acute HBO exposure (Day 1) and
in acute-in-chronic-phase exposure (Days 5-10).
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FIG. 3—Top, linear trends of ACTH (pg/ml) in acute exposure to compressed air (open
circles) and to HBO (plus signs). Bottom, trends in acute HBO exposure (Day 1) and
in acute-in-chronic-phase exposure (Days 5-10).
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FIG. 4—Top, linear trends of PRL (ng/ml) in acute exposure to compressed air (open
circles) and to HBO (plus signs). Bottom, trends in acute HBO exposure (Day 1) and

in acute-in-chronic-phase exposure (Days 5-10).
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FIG. 5—Top, linear trends of spermine (nm/ml) in acute exposure to compressed air
(open circles) and to HBO (vertical lines). Bottom, trends in acute HBO exposure and
in acute-in-chronic-phase exposure. Note the significant increase in the basal values of
Days 5 and 10 with respect to those of Day 1 (also for SPD values).
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FIG. 6—Top, linear trends of SPD (nm/ml) in acute exposure to compressed air (open
circles) and to HBO (vertical lines). Bottom, trends in acute HBO exposure and in
acute-in-chronic-phase exposure. Note that on Days S and 10 values at time 60 min are
not significant compared with the respective basal values (also for SPD levels).
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To conclude, there is a significant increase in SPM and SPD levels in the
chronic phase of HBO treatment, whereas the increase measured is never
significant when confronted with the respective basal value after 60 min of
HBO treatment.

Discussion

In numerous papers it has been demonstrated how stress, such as hyper-
thermic stress (9) and surgical stress (10), is able to induce significant
increases in ACTH, B-EP, and PRL levels. It is believed that stress is able to
stimulate the production of serotonin and catecholamines in the hypothalamus
(11); these substances in turn induce increases in hypothalamic corticotropin-
releasing factor levels (12). However, our data suggest that air compression
does not induce any significant variation in the secretion of the three hor-
mones examined, and thus it is possible to deduce that air compression does
not in itself produce stress effects on humans. On the other hand, variations
in the hormone values are evident when patients are subjected to HBO, both
in acute and prolonged treatment. It may be postulated that HBO stimulates
the common precursor proopiummelanocortine, which is at the origin of
the two molecules ACTH and B-EP (13) that are secreted in sequence by
adenohypophysis in response to numerous and varying stimuli (14). The
increase in PRL levels is likely to be secondary to the increase in B-EP levels
(15). Basal values for the three hormones examined (ACTH, B-EP, and PRL)
(Fig. 7) are unmodified at the various checks, suggesting that the acute stimu-
lating effect of O, is transitory and is not able to influence normal daily
secretion. Therefore, it can be hypothesized that the effect of O, on the
hypothalamic-hypophyseal cells consists in an acceleration of cellular metabo-
lism, as has been demonstrated for fibroblastic proliferation (16), and in the
production of collagenous tissue (17). Polyamines (Fig. 8) (SPM and SPD) are
biogenic amines ubiquitously distributed and seem to be intimately associated
with cellular growth and cell duplication processes; these have been seen to
increase significantly in humans after administration of human growth hor-
mone (18), insulin (19), and gonadotropin-releasing hormone (20).

It has also been demonstrated recently (21) that 95% of polyamines in
blood are to be found in red blood cells, not bound to the cell surface as was
generally believed, but localized intracellularly where they probably have the
function of modulating the permeability of the cell wall (e.g., they modulate
the mobility of erythrocyte glycoproteins). It is held that the majority of
endocrine and nervous stimuli are able to modify the polyamine concentration
in the hypothalamus and adenohypophysis (19).

We have already demonstrated in previous papers (e.g., 9) that air compres-
sion at 2.8 atm abs has no effect on the secretion of B-EP, ACTH, or PRL and
polyamines, whereas HBO treatment increases SPM and SPD levels, but only
in the case of prolonged exposure Fig. 9.
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FIG. 7—Effect of HBO treatment on basal plasma concentration of ACTH, B-EP, and
PRL on Days 1, 5, 10, and 13 (3 days after HBO suspension).

When compared with the corresponding basal value, the polyamine levels
after HBO treatment might be interpreted on the basis of an increase in
cellular proliferation and/or of the cellular reaction occurring as a response
mechanism to the modifications induced by HBO (22). In both circumstances,
stimulation of the genetic apparatus and of protein synthesis, in which poly-
amines play a fundamental role, is observed. It has been hypothesized that
the union of ribosomal sub-units 30 S and 50 S, fundamental in the protein
synthesis process, is conditioned by the presence of SPM, SPD, and Ca* * ions
(23). Moreover, the polyamine-hormone association and the link between
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FIG. 9—Spermine and SPD variations (basal values) during prolonged HBO treatment.
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polyamines and endocrine stimuli (Fig. 10) have been fully documented (24).
Although the mechanism has not been unequivocally clarified in humans,
this link, illustrated by an increase in blood-cell associated polyamines after
hormonal stimulation, might indicate a cellular response to the event con-
trolled by the hormone or might accompany and stimulate the action of the
hormone itself (25, 26).

Although we lack conclusive data, the nonresponse of polyamine to HBO
administration in acute phase would lead us to conclude that O, needs a latent
period before inducing polyamine secretion, which is exactly what happens
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FIG. 10—Total blood polyamine levels and B-EP levels in prolonged HBO treatment.
Values registered are basal values.
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in the chronic phase. Thus it may be concluded that prolonged HBO treatment
can induce a considerable increase in polyamine levels, whereas acute HBO
treatment produces an evident neuroendocrine reaction (as has been
observed in the secretion of B-EP, ACTH, and PRL).
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