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CLINICAL STUDY

Short term oxidative DNA damage by hyperbaric oxygenation
in patients with chronic leg ulcers
Zimanova J1, Batora I1, Dusinska M2,5, Burghardtova K2, Blazicek P3, Vojtech I4, Bizik A1
Department of Occupational Medicine and Toxicology, Faculty of Medicine, Comenius University
Bratislava, Slovakia. j.zimzim@gmail.com
Abstract: Introduction: Hyperbaric oxygen therapy (HBO) is successfully used for the treatment of a variety of
conditions and diseases. HBO therapy can be valuable for treating selected cases of hypoxic diabetic leg
ulcers and chronic venous insufficiency. Exposure to high concentration of oxygen is known to induce damage
to cells, possibly due to an increased oxygen radical production. Reactive oxygen species also cause DNA
damage.
Method: The Comet assay method has been used to determine DNA damage. Number of DNA strand breaks
obtained by the single cell gel electrophoresis in nucleuses of lymphocytes was isolated from venous blood.
Nucleuses of lymphocytes were incubated by bacterial repair endonucleases, which detect and remove damaged parts of DNA (SBs, FPG, AlcA, ENDO, and H2O2).
Material: 27 patients were investigated in this study; diabetes mellitus was diagnosed in 15 of them, and chronic
venous insufficiency in 12. They were exposed in average 27 times in a hyperbaric chamber to a pressure of
2.5-3ATA of 100 % oxygen. Lymphocytes were isolated from venous blood before treatment and at different
time after treatment (24 hours, 7 days, 14 days, 6 weeks).
Results and conclusion: Results of DNA damage evaluation at different time periods suggest there are no significant changes if compared to initial DNA damage values. HBO treatment can be used as adjuvant treatment
because no significant risk is manifested with this therapy (Tab. 1, Fig. 7, Ref. 52). Full Text in free PDF www.bmj.sk.
Key words: oxidative DNA damage, hyperbaric oxygenation, chronic leg ulcers.

Healing of lower extremity defects of various origin is based
on complex approach and combination of several treatment guidelines resulting from the origin of defect, education, and patient
compliance. Standard treatment guidelines often do not lead to
the expected effect. Hyperbaric oxygen therapy frequently deployed in last years is one of the methods supporting and accelerating healing effects. Long-term uncertainty and discussions on safety of this treatment lead us to assess its healing effect by monitoring parameters which could better clarify its safety resulting from
hyperoxygenation induced at hyperbaric chamber exposition.
Aim of the work was to assess oxidation stress and ROS at
short-term damaged DNA influenced by repeated expositions to
hyperbaric oxygen therapy in patients with chronic and non-recovering lower extremity defects of various origins.
Chronic ulcers of low extremities have venous, arterial, diabetic, and posttraumatic etiology. The pathophysiologic process
of dermal leg defect genesis is a complex process (6, 8).
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Chronic, not recovering defects and wounds identified as
problematic are those not healing, and reacting neither on standard surgical nor other treatment regimens. They are most frequently localized on lower extremities (23, 24, 25). Regardless
of the origin their common features are circulation disorders and
presence of infections. Clinical surveys and animal experiments
proved inhalation of oxygen at high pressure accelerating the
recovery of ischemic and infected flaws (7, 8, 44). Hyperbaric
oxygen therapy is usually considered when defects and gangrenes
do not recover permanent local and global intensive care within
weeks and months.
Hyperbaric oxygen therapy ( HBO) is a treatment method
where patient inhales pure oxygen in pressurized chamber with
increased pressure than normal (sea level 1ATA). HBO is not an
isolated treatment method, in majority of cases it is a component
of complex treatment process (3, 4, 24, 32, 33, 36, 41).
Physiologic principle of the method is derived from the transport role of blood for oxygen, which is being driven to tissues as
chemically bound to hemoglobin, or physically dissoluted in
plasma. It is known that 1 gram of hemoglobin transfers 1.34 ml
of oxygen. The share of physically dissolved oxygen in plasma
is very small and at normal circumstances clinically meaningless. It grows to 6.6 volume per cent at pressure of 0.3 MPa. It
means that the main importance of HBO is in increasing the
physically dissolved oxygen in plasma to such range to totally
cover needs for oxygen (3, 6, 36, 41).
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Adverse effect of HBO
It is assumed that HBO may invoke a toxic effect by creation
of free oxygen radicals. Free radicals are considered risk factors
in a number of chronic and degenerative diseases including cancer. Some current publications on a contrary showed that HBO
is not connected with an increasing of degradation and of tissues by means of free radicals (26, 27, 49).
Patients and group features
The group was composed of 27 patients with crus defects of
various origins, having been repeatedly long-term but unsuccessfully or insufficiently treated by dermatologists, angiologists, or
surgeons.
The group of patients with chronic not recovering flaws of
lower extremities was further split to 2 subgroups based on the
primary diagnosis.
First group consisted was created of patients with Diabetes
mellitus type I and II regardless of the compensation of diabetes
with existing defect or developed diabetic leg n=15. Patients were
sorted by Wagners classification. They belonged to second to fifth
level of damage according to the mentioned classification (7, 8).
Second group consisted of patients with chronic venous insufficiency with crus ulcers n=12. In this case CEAP classification of chronic venous insufficiency was used. Patients in this
group belonged to C6 grade of CEAP classification I (7, 8).
Venous samples were obtained needed for isolation of peripheral lymphocytes for the purpose of further analysis by means of
Comet assay. Lymphocytes were isolated from these samples 24
hours, 7 days, 14 days and 6 weeks after the last exposure in HBO.
The umber of hyperbaric exposures was limited by clinical status of the patient and recovery course of the defect. The patients
underwent once daily 5 times in a week a serial of hyperbaric
exposures (hyperbaric pressure 0.180.20 MPa, 72 min netto
inhalation time with 100 % oxygen). The duration of the whole
exposure was in total 120 min. Treatment effect was assessed at
the end of week 6 by percentage expression of dermal defect
change of the area.
Methods and materials
Comet assay (simple cellular alkali gel electrophoresis) is a
sensitive method to detect fragments of DNA, oxidized purines
and oxidized pyrimidine in individual cells (5, 6, 7, 8, 22).
This method is based on the ability of single chain DNA to
liberate from superhelix. Enzyme formamidepyrimidine DNA
glycosylase (FPG) is used for detecting oxidized purines, and
for detection of oxidized pyrimidins endonuclease III (ENDO)
is used in Comet assay. Alkylating damage of DNA is detected
via 3-metyladenin DNA glycosylase II (AlcA) (14, 15, 16, 20).
Sensitivity to H2O2 is observed. Oxidative impact of H202 induces
changes which determine to what extend is the cell able to repair
oxidative damage of DNA. It is assumed that the more the DNA
is damaged, the less is the repairing ability of the cell against
448

Tab. 1. The statistical difference equal in comparison with the subgroup of diabetics.
Parameter

N

Mean area
[cm2] before
HBO

Mean area
[cm2] after

Sign

total

23

2140
[0,5180,25]

13,82
[0154,75]

0,014

DM

13

12,58±10,67

2,87±2,90

0,003

CVI

10

32,88±57,21

28,05±49,69

NS

Legend: DM  diabetes mellitus, CVI  chronic venous insufficience

oxidative damage.
Results
Average number of exposures in hyperbaric chamber was
27, ranging from 14 to 32. ubgroup of diabetics involved 15 patients, subgroup with CVI 12 patients.
The set of patients was represented with nonsmoking males
92 %, only minimum 8 % [n=2] were smokers. Almost half of
the patients 42 % [n=11] suffered from obesity, 31 % [n=9] were
overweight, 27 % [n=7] had normal weight. Out of the male patients 69 % [n=11] had DM and 31 % [n=4] had CVI. 64 % of
females [n=7] had CVI and 36 % [n=4] had DM.
The defect area before the onset of HBO was 21.4 cm2 in
average. The largest defect reaching 180 cm2 was observed in a
female patient from the subgroup with CVI. After finishing HBO
the defect area was reduced in average by 8.0±10.1 cm2, whereas
in 4 patients total healing was achieved. After finishing HBO
and evaluation of the defect areas in all patients the area reduction was 62.2±36.1% in average. The subgroup with DM reduced
the defect area in average by 70.3±27.3% i.e. by 9.7±9.8cm2.
The subgroup with CVI reduced the defect area only by
51.8±44.5% i.e. 5.8±10.7cm2. This difference was statistically
equal in comparison with the subgroup of diabetics (Tab. 1). The
defect size in group with DM was already before deployment of
HBO smaller than in the group with CVI patients. There were
remarkable differences in size of the defects and the set showed
non-Gaussian distribution of the defect size.
Parameters of oxidative damage of DNA
Average values of oxidative damage SBS  basic DNA strand
breaks were measured in arbitrary units. Average value of input
measurement before HBO was 209.1±90.6 arbitrary units. Measurements in particular time slots showed only insignificant oscillations of mild increase of DNA strand breaks in period from first
24 hours till day 14. These values dropped after 6 weeks since
last HBO exposure. Similar course was observed at both groups
with DM and CVI. These differences were not significant (Fig. 1).
Average values of further DNA damage, in this case on purine bases detected by FPG enzyme, were 263.7±101.5 arbitrary
units before onset of HBO. Similarly as at SBS we recorded
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Fig. 1. The course and changes in SBS in time and both patient
groups. Legend: SBS-0  damage in time 0 = 0 hours, 24h = 24 hours,
7d = 7 days, 14d =14 days, 6t = 6 week after last exposure, 1 = Diabetes mellitus, 2 = Chronic venous insufficiency.

Fig. 4. The course and changes in SBS-ALcA time both patient groups.
Legend: NET-ALCA-0h  damage on purine bases in time 0 = 0 hours,
24h = 24 hours, 7d = 7 days, 14d = 14 days, 6t = 6 week after last
exposure, 1 = Diabetes mellitus, 2 = Chronic venous insufficiency.

Fig. 2. The course and changes in SBS-FPG time both patient
groups. Legend: S-FPG-0  damage on purine bases in time 0 = 0
hours, 24h = 24 hours, 7d = 7 days, 14d = 14 days, 6t = 6 week after
last exposure, 1 = Diabetes mellitus, 2 = Chronic venous insufficiency.

Fig. 5. The course and changes in SBS-H2O2 time both patient
groups. Legend: S- H2O2- -0h  damage on purine bases in time 0 = 0
hours, 24h = 24 hours, 7d = 7 days, 14d = 14 days, 6t = 6 week after
last exposure, 1 = Diabetes mellitus, 2 = Chronic venous insufficiency.

Fig. 3. The course and changes in SBS-ENDO time both patient
groups. Legend: S-ENDO-0h  damage on purine bases in time 0 = 0
hours , 24h = 24 hours, 7d = 7 days, 14d = 14 days, 6t = 6 week after
last exposure, 1 = Diabetes mellitus, 2= Chronic venous insufficiency.

growth dynamics in the time of sample uptake after 24 hours, 7
and 14 days after finishing HBO. This effect was no more observed at week 6, paradoxically it moved to the initial value.
Differences were not statistically significant (Fig. 2).
A similar trend and dynamics were observed when determining oxidative damage values of oxidized pyrimidine detected by
endonucleasis III  ENDO (257.1±89.6 arbitrary units), same as
alkylating DNA damage detected by glycosylase II where average values (AlcA) were 269.5±87.2 arbitrary units (Figs 3, 4).

Average values of oxidative damage of DNA by hydrogen peroxide (further H202) were 350.6±39.9 arbitrary units. Measurements
in particular time slots showed only insignificant oscillations of
mild increase to day 14, with recorded drop at week 6. The course
in both groups was similar. Oxidative increase in the patient group
with DM was higher, but statistically not significant (Fig. 5).
Due to a higher number of followed parameters in our survey we performed a correlation analysis to determine how certain factors associate with changes in the size of the defect.
Correlation of anthropometric data such as weight, height,
BMI, waist circumference, then age of the patient with changes
in defect size, with changes and course of oxidative damage in
certain monitored parameters and time spans, statistical contexts
were not confirmed.
A strong correlation was confirmed between values of SBS
ENDO damage and FPG damage of DNA, in reciprocal proportion with the defect size, which might lead to assumption that the
higher are the damages, the worse is the healing of the defect.
Discussion
Hyperbaric oxygen therapy is broadly deployed mainly in
the last 30 years. In the treatment of hypoxia and ischemia
in defects of lower extremities by means of HBO its important
449
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effects such as stimulation of fibroblastic proliferation and increased collagen formation, extension of new vascularization,
and stimulation of bactericidal effect of lymphocytes are used
(37, 45). Group of authors confirmed a positive effect in healing
of the defects and salvage of the limbs. They described a reduction of amputations, better recovering after amputation with the
use of HBO as one of the adjuvant treatment methods (7, 8, 11,
12, 29, 34, 52). We have less information about HBO effect on
healing defects of non-diabetic origin caused mainly by CVI,
but the positive effect is doubtless (30, 51). Roeckl-Wiedman et
al (40) described a significant reduction of defect size. Bongiovanni et al (9) added significant shortage of ulcus healing
period. Performing further surveys is necessary for explicit confirmation of HBO usefulness in the treatment of crus defects
having venous etiology (40).
On the other hand there are studies assigning treatment with
hyperbaric oxygen not such unequivocal effect (13, 50). They
notify on unsatisfactory and unsoundly determined sorting criteria, various defect origins, unsatisfactory control groups, and
insufficient assessment of accompanying diseases, next supportive treatment, or other factors which could positively or negatively influence the final effect of healing defects (50). As described by Doleal et al, aside the medical aspects the pharmacoeconomic effect and economic benefit of this therapy is also
important (23, 25).
Bátora et al tried to present a good effect of HBO in treatment of defects caused by DM-DN and CVI in a limited group
comparable with other surveys. A significant defect area was
achieved in both groups. Success in group of diabetics was more
remarkable (7, 8). Moreover a significantly faster healing was
confirmed with diabetics compared to standard treatment methods. The effect was statistically significant, however not so visible in group with CVI defects (8). The mentioned surveys followed the effect of HBO on defect recovery.
Because of known effects of hyperbaric oxygen therapy a
set of surveys was created to deal with monitoring of side effects
as creation of ROS, and related oxidative DNA damage and
genotoxicity (1, 28, 35).
In the course of last years a context of oxidative stress with
DNA damage was proven, with a possible molecule transcription followed by occurrence of degenerative diseases such as
atherosclerosis, cancer, neurodegenerative diseases, Alzheimer
disease, inflammatory joint diseases, diabetes mellitus, and others
(1, 28, 35). Oxidative stress as a factor of several diseases is a
cause as well as an effect (28).

1

2

3

Fig. 6. HBO chamber for 6 persons in Dept. of Occupational
Medecine and Toxicology Bratislava 2004.

Comet assay is a method of investigation and measuring damaged parts of DNA, and its repair, or monitoring mutagenic environment effects in population (18, 19, 31, 39, 47). This method
is broadly deployed in genotoxic tests, which include enzyme
peculiarity for various lesions, such as oxidized pyrimidines
and purines in DNA molecules. They represent sites of disconnection of damaged DNA, which are recognizable with reparative endonucleases (17, 18, 19). Thus it is possible to unhide
significant correlations between oxidized DNA bases associated
with oxidative stress (17, 18).
All results from mentioned experiments and surveys were
gained and processed in normobaric conditions. Hence the next
set of experiments focused on further potential sources of oxidative damage. It was proved that using conditions of HBO as one
of the free oxygen radical sources (e.g. exposure to 100 % oxygen and pressure of 2,5 ATA) lead to a clear multiplication of
DNA strand breaks detectable by Comet assay in leukocytes of
human subjects (21, 42, 43, 48, 49). Finally a concluding assumption of the performed surveys was that the oxidative stress
after HBO causes oxidative DNA damage which lasts just a certain time period (21, 23, 42, 49).
Common denominator of those surveys was research performed with healthy volunteers.
Our survey was focused on both lines observed in currently
performed monitoring. Successful healing effect of HBO on defects of mainly diabetic, ischemic, and CVI etiologies, thus in
populations with already developed chronic disease being itself

4

5

Fig. 7. Comet Assay  DNA damage grades: 1. healthy nucleus; 24. extending damage, 5. fully damaged nucleus.
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a source of oxidative damage products (34) on the one hand,
bearing in mind side effects of HBO, where dominant effect is
that oxidative damage, with the aim to identify eventual relationship that could influence both monitored aspects.
The group of our patients with diagnoses of DM or CVI by
defect etiology was given hyperbaric oxygen therapy,
and measurement of oxidative DNA damage was performed 24
hours after last exposition in HBO, then after 7 days, 14 days,
and in some patients also in week 6 after HBO. We recorded
similarly to other surveys in given time periods (21, 22, 42, 48)
only mild insignificant oxidative damage increase which in all
examined parameters lasted up to 14 days after HBO. Levels of
oxidative damage after 6 weeks dropped almost to the level of
baseline values observed in patients before start of HBO.
Statistically significant negative correlation was confirmed
for SBS ENDO damage of DNA and FPG damage itself with
difference in defect size which results in assumption that the
larger is the damage the worse is the healing. The healing effect
of HBO was unsatisfactory in some patients, whereas increased
number of breaks with damage on pyrimidine and purine bases
was observed even before HBO. In course of HBO, and in given
time periods after HBO nothing changed statistically significantly.
This might have been a string in patient selection for HBO
therapy, eventually their better split to groups with a good feedback to HBO vs. group with insufficient reaction and need for a
longer HBO deployment, which opens an issue of higher risk of
DNA oxidative damage. It is to consider if deployment of this
form of treatment in this patient group has its justification, and
at the same time raises the question of collateral intensive antioxidant support during HBO therapy with prolonged exposure
(2, 37, 46, 47, 48).
mall number of patients was due to closure ofn the HBO unit
in Bratislava, Clinic for Occupational Diseases and Toxicology,
and disabled extension of patient group (Figs 6, 7).

with DM and CVI with substantial reduction effect of the defect
area, acceptable for the reviewers of the method. As a part of a
complex therapy in position of effective additonal treatment has a
sustained place as a safe treatment method (7, 8, 10, 23, 24, 25).

Conclusion

11. Cianci P. Advances in the treatment of the diabetic foot: Is there
a role for adjunctive hyperbaric oxygen therapy: Wound repair and regeneration 2000; 12 (1): 210.

1) Detection of DNA oxidative damage level proved only
insignificant increase of oxidative DNA damage in separated
parameters with a trend to drop in week 6 after last hyperbaric
exposure.
2) Statistically significant differences in oxidative damage
were not observed in patients split in groups by diagnoses of
DM and CVI.
3) Because the increased DNA oxidative damage is statistically insignificant after repeated HBO deployment also in of
chronic inflammatory diseases, this method of treating unrecoverable defects of extremities is a suitable supplementary and additional method to manage those situations, and should be part
of the treatment.
4) HBO can remarkably contribute to shortening the length
of hospital stay, reduce morbidity and mortality of patients with
crus defects of various origin
5) Our work although thin in range without prejudice confirmed a good effect of HBO for treatment of defects in patients
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