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Iyer EM, Bandopadhyay P, Baboo NS. Effects of hyperbaric oxygen on the total blood
sulfhydryl groups in patients with peripheral vascular disease. ] Hyperbaric Med 1992;
7(3):179-184.—Resting levels of total blood sulfhydryl (bl-SH) were assessed in 7 control
subjects and 7 patients with peripheral vascular disease. Resting levels of total bl-SH groups
were considerably lower in patients than in controls. The patients showed a significant rise
in the resting levels of total bl-SH groups after 14 continuous sessions of hyperbaric oxygen
(HBO) therapy, each consisting of breathing 100% O, in a recompression chamber at 2.5
atm abs for 90 min. The post-HBO utilization and regeneration of total bl-SH groups
observed in patients before HBO therapy were significantly lower than in controls, but after
HBO therapy post-HBO changes in the total bl-SH groups observed in patients were similar
to those observed in control subjects. The rise in the resting levels of total bl-SH groups
and the faster utilization and regeneration of these groups in patients after HBO therapy
in the post-HBO session were associated with significant pain relief and therefore could be
used to predict the recovery signs of patients undergoing HBO therapy.

yperbaric oxygen therapy, total blood sulfbydryl groups

Introduction

Sulfhydryl (SH) groups form a vital component of many enzymes, coen-
zymes, and non-protein cellular substances. Among the important cellular
constituents that contain non-protein SH groups are glutathione, cysteine,
pantothenic acid, coenzyme A, and reduced lipoic acid. The role of glutathione
in regulating the oxidation-reduction processes in the cell and the function
of cysteine as a carrier of groups in a number of metabolic processes are two
of the important, well-documented functions of non-protein SH groups. The
SH groups of many enzymes, notably oxydoreductase, are essential for their
enzymatic activity (1-3). Stress is likely to enhance the generation of hydroper-
oxide radical and is known to alter the blood/tissue levels of total SH groups
as the reduced form of these groups are converted into their oxidized form
(4-7). This study investigates whether the resting levels of whole blood SH
(bl-SH) groups are different in patients than in controls and whether the
resting levels of these groups are altered in patients by repeated exposure to
hyperbaric oxygen (HBO). This study also investigates the utilization and
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regeneration of whole bl-SH groups in patients before and after HBO therapy
in the post-HBO session, and differentiates these changes from those seen in
control subjects.

Materials and Methods

This study was done on 7 healthy subjects and 7 patients (5 cases of
thromboangiitis obliterans, 1 case of diabetes mellitus, and 1 case of frost
bite). The patients underwent HBO therapy because of painful vascular dis-
ease. Control subjects were exposed to 1 session of HBO therapy whereas the
patients were exposed to 14 continuous session. Each session consisted of a
90-min exposure to HBO at 2.5 atm abs in a recompression chamber. Capillary
blood samples were obtained before exposure to HBO and at 0, 30, and 60
min post-HBO sessions from the control subjects and from the patients before
and after HBO therapy. Each capillary blood sample was analyzed for total bl-
SH groups by the methods of Ellman (8) using 5,5" dithiobis-2 (nitrobenzoic
acid) as the coloring agent. Statistical comparisons were made by Student’s
7 test.

Results

The resting levels of total bl-SH groups observed in control subjects (5.57
*+ 0.65 mmol/liter) were significantly higher (P < 0.001) than the resting
levels of total bl-SH groups observed in patients before HBO treatment (2.30
+ 0.68 mmol/liter). A significant rise in the resting level of total bl-SH groups
to 497 = 1.57 mmol/liter (P < 0.001) was observed in patients after HBO
therapy. The differences in the resting levels of total bl-SH groups observed
between the controls and patients after HBO therapy were small in contrast
to the differences observed between controls and patients before beginning
HBO therapy (Table 1).

The post-HBO utilization and regeneration of total bl-SH groups observed
in patients before HBO therapy were significantly lower than in control, but
after HBO therapy, post-HBO changes in the total bl-SH observed in patients
were similar to those in control subjects. The differences at the 0, 30, and 60-
min post-HBO values of total bl-SH observed in patients after HBO therapy
compared to control subjects were lower than the differences observed
between the patients before HBO therapy and the control subjects.

Discussion

Resting levels of whole bl-SH groups in normal healthy subjects have been
reported to vary between 5.19 and 6.55 mmol/liter (6). In the present study
the resting levels of whole bl-SH groups were 5.57 + 0.65 mmol/liter and
were within these limits, but in patients with peripheral vascular disease (PVD)
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the levels of whole bl-SH group (2.30 + 0.68 mmol/liter) were significantly
lower.

Normal red blood cells are protected from lipid peroxidation by an existing
antioxidant mechanism consisting of free GSH (reduced glutathione) of cell,
SH components of the cell membrane, and vitamin E. The membrane SH
compounds including GSH are destroyed by peroxidation. Secondary effects
of lipid peroxides involve damage to red blood cell proteins, enzymes, and
metabolic pathways as demonstrated by the inhibition of SH-bearing enzyme
glyceraldehyde-3-PO; dehydrogenase in humans and decreased activity of
erythrocyte acetylcholinesterase in dogs (9-13). Vitamin E plays a crucial role
in providing protection against peroxidation (11, 14). The lower resting levels
of whole bl-SH groups in patients with PVD suggest that in these subjects
generation of hydroperoxide radicals may proceed faster and that these sub-
jects are likely to be deficient in vitamin E as compared to the control subjects.

The activity of various scavenger enzymes, i.e., superoxide dismutase
(SOD), glutathione peroxidase, and GSH transferase, has been reported to be
significantly lower in both ischemicized and nonischemicized zones of the
patients having transitory failure of the myocardium (15). The activity of SOD
has been reported to be lower in multiple sclerosis patients as compared to
that of controls (16, 17). It is likely that in our patients, the resting activity of
various antioxidant enzymes may be considerably lower in view of their
generalized state of stress, which might have affected the regeneration of the
reduced form of SH groups from the oxidized form.

The lower resting levels of total bl-SH groups observed in patients with
PVD can also result from increased secretion of catecholamines, cortisol,
ACTH, endorphins as well as reduced levels of ascorbic acid (18-21), which
is likely to increase the metabolic, enzymatic, and oxidation-reduced reaction
leading to higher generation of reactive O, intermediates. The high generation
of reactive O, intermediates is likely to enhance the conversion of reduced
form of SH groups into the oxidized form (4-6).

It has been reported that after HBO therapy, multiple sclerosis patients
show a significant increase in the activity of SOD and catalase, whereas patients
with transitory failure of myocardium show a selective increase in the activity
of SOD after reperfusion in both the ischemicized and nonischemicized zones
(14, 16). Plasma levels of ACTH and endorphins have shown a significant
reduction in patients with PVD after HBO therapy (20). This is likely to reduce
the generation of reactive O, intermediates. At the same time, generated
reactive O, intermediates are quickly utilized in view of the reported increase
activity of SOD and catalase after HBO therapy. The higher resting levels of
total bl-SH groups observed in patients after HBO therapy might be explained
on this basis.

The utilization and regeneration of total bl-SH groups in patients before
HBO therapy in the post-HBO session were much lower, but after HBO
therapy they showed a significant increase and were similar to the control
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subjects. This indicates that the patients after HBO therapy have developed a
greater capacity to utilize the generated hydroperoxide radicals and resynthe-
size the reduced form of SH groups from its oxidized form in the post-
HBO period. This also suggests that in patients after HBO therapy, activity of
scavenger enzymes responsible for the conversion of oxidized SH groups into
the reduced form show a significant increase.

The increase in the resting levels of total bl-SH groups and higher capacity
to utilize and regenerate the SH groups in the post-HBO period in the patients
after HBO therapy was significant and associated with pain relief and therefore
could be used as an index to predict the recovery signs of patients undergoing
HBO therapy.
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