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GILMAN, S. C., W. L. HUNTER, JR., L. W. MOONEY, and MATERIALS AND METHODS
R. J. BIERSNER. Effect of long-term hyperbaric stress on
ammonia metabolism in humans. Aviat. Space Environ. Med. Adult male U. S. Navy divers, 11 in groups of three
49(9):1093-1094, 1978. or four each, were exposed to hyperbaric air for 8 d us-

A significant Increase In blood urea was found in 11 US. ing a 10 X 30 f steel hyperbaric chamber maintained at
Navy divers during 8 d of air saturation hyperbaric exposure.
Similar increases in blood urea have been found In animals
that convulsed during hyperbaric oxygen exposure. Therefore, It saturation pressure was 2.8 ATA, equivalent to 60 feet
is suggested that careful attention be given to blood ammonia of sea water (FSW), with daily, 8-h excursions starting
and urea levels In humans during long-term hyperbaric exposure. at 10 a.m. to 4.0 ATA, equivalent to 100 FSW. These

excursions did not require decompression on return to
60 FSW. A recirculation atmosphere control system was

THE MAJOR NEURAL MECHANISM involved in used to regulate Po2 and Pco 2 at 20.9% and < 1%, re-
stress reactions is the adrenergic nervous system spectively. Temperature and humidity were regulated

(ANS). Most types of psychophysiological stress pro- for diver comfort. Their daily schedule included numer-
duce increased ANS activity (3,4,5,8), accompanied by ous physiological and behavioral tests commencing at
ammonia liberation in blood and brain (10,12). Stress 10 a.m. and ending at 8 p.m. daily. Decompression to
factors associated with chronic exposure to hyperbaric the surface required 20 h and commenced at 2 p.m. on
conditions, e.g. increased levels of oxygen or nitrogen, the seventh day. Blood samples were obtained daily
may also produce increased ANS activity and hyperam- from each subject during the 3-d pre-dive period, during
monaemia. Elevations in ammonia levels have been the 8-d dive period, including decompression, and for
found in animals that convulsed during exposure to the first 3 d post-dive. Samples were obtained daily at
hyperbaric oxygen (1,2,6). Drugs which are able to 7 a.m. with the subjects in a fasting state. Subjects were
chelate ammonia protect against oxygen-induced sei- given a general diet throughout the study. Alcohol, tea,
zures (1). and coffee intake were restricted. After collection,

In humans, research has shown that amylase secretion, serum was frozen for subsequent determination of blood
another indicator of ANS activity, is significantly elevat- urea.
ed during prolonged hyperbaric exposure (7). If this In order to limit statistical analyses to differences oc-
ANS hyperactivity also results in hyperammonaemia in curring across the three test conditions (pre-dive, dive,
man, resistance to oxygen-induced seizures could be sig- and post-dive), the mean of the separate collection val-
nificantly decreased. ues for each subject within each of the three test condi-

The present research is concerned with the possible tions was determined first. An analysis of variance tech-hyperammonaemic effects of long-term hyperbaric ex- nique applicable to repeated measures (same subjects)posureinhumans Blfectsoodf long-tevels wereused -asa was applied to the distributions obtained for the threemeasure in hypmrammn aesia Blo urea l ls weresed as a conditions. Differences between conditions were then
measure of hyperammonaemia since urea is formed in tested for significance using t-tests for correlated sam-
association with ammonia buffering, ples. Levels of significance are p<0.05 (two tailed).

This study was supported by Naval Submarine Medical Re-
search and Development Command Research Work Unit RESULTS AND DISCUSSION
M0099-PN.001-8013 entitled "Stimulated saturation diving em-
ploying nitrogen-oxygen mixtures as the principal breathing Fig. I shows the means and S.E.M. for blood urea
media." The opinions and assertions contained herein are the level (in mg/100 ml) across the three test conditions
private ones of the writers and are not to be construed as (pre-dive, dive, and post-dive). The analysis of variance
officially reflecting the views of the Navy Department, the
Naval Submarine Medical Research Laboratory, or the Naval showed that significant differences occurred across these
Service at large. blood urea means (F = 14.58; df = 2,3; p<0.01). Sub-
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!i46 gest that careful attention should be given to changes in
46 blood ammonia and urea in humans during long-term

hyperbaric exposure.
44 However, monitoring blood levels of ammonia and

_g tional and technical problems, e.g. sending a phleboto-

S40 mist to depth, blood loss, time-consuming chemical as-
S36 say, etc. A speedy noninvasive measure requiring small

• ~ sample volumes :would be preferred. The analysis of
S36 parotid gland excretion of urea using the electrode

s34 T _ method of Renfro iind Patel (11) may provide such a
32 method.

az, Kopstein and Wrong (9) have shown that the urea
30o concentration in saliva from the parotid duct is positive-
26 ly correlated with plasma urea concentration. In fact,

I __•,_• parotid urea has an average urea concentration of 86%
I 2 3 4 5 6 7 a 9 ,o I •2 14 of the plasma concentration. Therefore, subsequent stud-

PRE-DIVE DIVE POST-DIvE ies will investigate parotid urea excretion during hyper-
DAYS baric exposure in relation to the plasma concentration.

Fig. 1. Mean and S.EM. for blood urea levels of the 11
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