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Abstract

T. Djarova, A. likov, A. Varbanove, A. Nikkforove, and
G. Mateev. Human Growth Hormone, Corticol, and
Acid-Base Balance Changes Alter Hyperventilation and
Breath-Holding. Int J Sports Med, Vol 7, No 6,

pp 311-315, 1986,

The purpose of this study was to investigate the effects

of hyperventilation and breath-holding on hormaonal

activity and the scid-base balance in men, Three dif-

farent experimental procedures weri carried out with

11 trained subjects aged 24.5 years. In experimant |, ali
subjects performed hyperventilation for 3 min main-

taining a paced ventilation of 47 [+min"', In experiment

11, they parformed a threelold maximal voluntary breath.
holding, separated by 1-min periods of normal breathing
Experiment 11l consisted of a combination of hyperven-
tilation immediately followed by maximal voluntary
breath-holding. Capillary blood samples were taken for
determination of p0,, pCO,, and pH. Venous blood
samples were drawn before and at the Sth and 3th min
after the cessation of the applied procedure for RIA
determination of human growth hormone (HGH) and corti-
sol. During the last 15 s of hyperventilation, pQ, increased
to 89.4£16.2 mm Hg, pCO, decreased to 19.611.6 mm Hg,
and pH increased 1o 7.6562:0,041. During the last 15 5 of
the third breath-holding, the results were pO, = 58.0:5.1,
pCO, =45.7+3.7, and pH = 7.367:0.053. In experiment 111,
the mean values were pO, = 42.6:7.9 mmHg, pCO, = 39.2:
4.6 mmHg, and pH = 7.320:0.024. A significant hormonal
response atter the applied experimental procedures was
found for HGH (1.5- 10 5.56-fold increase) and cortisol
(1.5- to 2.2-fold increase). It was concluded that the increased
hormanal response of HGH and cortisol is an expression of
the stress reaction induced by hyperventilation and breath-
holding per se or in combination.
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Introduction

The hormonal response to different kinds of stress-like physi-

cal exercise, emotional stress, hypoxia, hypo- and hyper-
thermia, etc., is very similar, but the importance of yhﬂ:

The changes of pO;, pCOy, and pH in blood during hyper-
ventilation and breath-holding were examined in many
studies (1,4, 8, 11, 12, 14, 15), but data about the hor-
monal responses to them are not available,

The aim of this study was to investigate the effects of
hyperventilation and breath-holding (as used in swimming,
skindiving, underwater fishing, and other kinds of sport)
on hormonal responses of HGH and cortisol in paralle]l with
the changes in pO;, pCO;, and pH in man.

Methods

The study was carried out on 11 healthy male volunteers
with an average age of 24.5 years who were familiar with
laboratory procedures. All subjects initially performed a
progressive test on a bicycle ergometer (Medicor KE-
Hungary) at 60 rev.min”' . The ergometer was set at 60 W
anul every 90 s the resistance was increased by 30 W until
exhaustion (7). The heart rate was determined from an
ECG during the last 10 s of each work step. Oxygen uptake
(VO, ) was measured continuously during the test with an
open circuit system (Spyrolyt-DDR). After the progressive
test, three different experimental procedures were carried

cannula was kept open

sline (40 drops et minute). Twenly
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mental procedure, venous blood samples were drawn at the
5th and 30th min. Serum was separated and stored at -20°C
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Tuble 1 Physical characteristics anc rosults fram tha progressive

bicycle ergomater teyt,

until determination of HGH and cortisel. HGH concentra- Perkmeter
tion was meastred by MJ 60 HGH RIA kit (Poland) (normal g T
values 0.63—20 ng/ml) and cortisal by CORTCTEK-125 RIA Weight {kg)
kit Intemational CIS (France) with a normal range of 1085 Age lyrs)
ng/ml. The hormone assays were carried out in duplicate. All VO, max
experimental procedures were performed between 8.00- . Hrmint)

VO, max

11.00 a.m. on a different day in a randomized manner. The

(rml=min™ «kg* )

results were treated using nonparametric statistics (Wil-

coxon test for paired samples). Hoart rate max

(bts=min™)
‘:’ﬂ.muanH frax

Table 2 p0,, pCO,, and pH changes (n response to hyperventilation

Parametir Rast Lmt 153 1 min301
pO, mm Hg mean 8648  B9.40 69.37
5D 14.4 16.2 B.21
pCO; mm Hg meEn 36.27 19.60* 25.00*
sD 2.24 1.6 85
pH mean 7.425 7.662" 7.63a
50 0.031 0.041 0.024
*P < 0,06 vz resting value
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Teble 3 pO,, pCO,, and pH changes in response to i threefold breath-haolding.

 ———

Breath-holding S

Parameter Rest It 163 Tmin30s 5 min 30 min

70, mm g mean 8160 58.00° B . G-
sD 6.63 5.1 11,0 4. ?ru "'!-.'f-:‘

500, mm Hg mean 39.04 45.7* 8.4 39.6
sD 1.76 3.70 257 2.01 e

oH mean 7418 7.367 7,427 7.427
50D 0.015 0.053 0.014 0.015 ot

#p < 0.05 vs resting value > TR =i

Table 4 pO,, pCO,, and pH changes in response to hyperventilation and subsequent breath-holding.

Hyperventilation and hrmh-hulm
Paramerer Rest last 154 1 min 5 min 30 min
pO, mm Hg mean 80.30 4260°  77.68 7444 7678 B
5D 5.04 7.8 2.3 6.1 19
pCO, mm Hg mean 40,78 38.20 3562 a1.32 38.02
sD 2.1 45 47 4.1 3.5
pH mean 7413 1320° 7.442 7.419 7.405
D 0.030 0.0M4 0.048 0.042 0.063

—_— = —

*P < 0.05 v resting value

Table 5 HGH and cortisol changes in response to hyperventilation, breath-halding, and hy perventilation followed by maximal voluntary
breath-holding (means = 5D,

Parameter Hyperventilation Breath-holding Hyperventilation
and breath-holding

Rest § min 30 min Rest 5min  30min Rest Smin 30 min
HGH (ng/mi) 1.73 5.71 8.75° 213 880° 1035 198  3.15° 984"

1.71 4.16 556 210 667 828 226 267 197
Cortisol (ng/mi) 16.63 25.70* 15.70 1277 2267* 2B.10° 917 164* 18.20*

239 5.74 374 1.3 589 759 057 020 508
*P < 0.05 vs resting values,
Results and 30 s thereafter all these parameters retumned to the

initial resting values and did not change at the 5th and 30th
M{F!;%smmdmmnfmmmm

83.22¢13.73 sforﬂuﬂm.as.ssm.mﬁrtmmud
114.77£26.99 s for the third, i

mmmmurmmmm -
mmmm : 3
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A significantly enhanced hormonal response (£ < 0,05)
was found for HGH at the 30th min after hyperventilation
(5.56-fold increase), at the Sth and 30th min of the recovery
after experiment [1 (4.1 and 4.5-fold increase, respectively),
and after experiment 111 (1.5 and 5.02-fold increase, respec-
tively, Figs. 1-3, Tables 3-5).

An elevated hormonal response for cortisol (P < 0.05) was
found 5 min after hyperventilation (1.5-fold increase) but
could not be detected 30 min thereafter. Cortisol levels
were enhanced at the 5th and 30th min after experiment 1
(1.78 and 2.20-fold increase) and after experiment 111

(1.78 and 1.98-fold increase, Figs. 1-3).

Discussion

As a result of hyperventilation, arterial pCOy, is reduced sig-
nificantly below normal levels and the blood becornes more
alkaline (12). Arterial PO, may increase insignificantly (6).
The changes in these parameters, however, are quite oppo-
site during breath-holding. According to Craig (4), the
desire to breathe is mainly due to the stimulating effects
of increased arterial pCO; and H™ concentration and not
to the decreased pO;. The breaking point for breath-hold-
ing corresponds to about 50 mm Hg for pCOy in the pres-
ence of pO; of the same value. If, however, the pO, is
higher (e.g., 150 mm Hg), the interruption of breath-hold-
ing can be observed at elevated pCO, values or vice versa.
The reduced arterial pCO; after hyperventilation extends
the duration of the subsequent breath-holding until the
arterial pCO;, and/or H™ concentration rise to-a level to
stimulate breathing (12). Under such conditions, arterial
pO; may decrease to a greater extent and lower pCO; pro-
vokes the interruption of the breath-holding. Our results
correspond to the above-mentioned data about changes in
pO;, pCO;, and pH during similar experimental condi-
tions(1,4,6, 11).

Carbon dioxide is one of the most important factors which

govern the activity of the nervous tissue so that changes in
blood CO; are quickly followed by changes within nerve

ofHEHRIGAGTHIS). The latter can be assumed to be
m of cortisol to the applied experimental procedures

.- e i ¥ v T il S n—
S R T A LT e R e

cells. Consequently, when asterial CO; drops, carbon diexide -
+apidly leaves neve cells, they become more alkaline, and
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Appean (o bo-mediated predomunantiy by hypothalamie

and vasopressin Othic mediators, such as u::chnhmmfu.

Serotonin, angiotensin, and “tissue CRF " may also
a certain role under certain conditions (9). Nahas (13)

_ o
bably this mechanism acts mainly in our experimental

procedure with a threefold breath-holding.

Galbo (5) reported that individual changes in HGH con-
centration have a rather irregular time course due 1o the

Hur data for HGH, both at rest and after the different ex-

perimental procedures, agree with such a hypothesis, and
the established wide range of HGH concentration (0.67-
25.9 ng/ml) in our opinion exemplifies the normal oscil-
lation in HGH release.

Our data provide evidence that hyperventilation or breath-
holding per se, or the combination of both, act as stressful
stimuli which induce hormonal response. This fact has to
be considered in the evaluation of the hormonal responses
to those kinds of physical exercise that involve hyper-
ventilation and breath-holding (swimming, skindiving, spear
fishing). The described hormonal response with increased
HGH and cortisol is an expression of the respiratory stress
reaction induced by hyperventilation and breath-holding
probably via humoral and mechanical interoceptive stimuli,
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