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ORIGINAL ARTICLE

Serum oxidized low-density lipoprotein level as a marker of
oxidative stress in patients undergoing hyperbaric oxygen therapy

Hiperbarik oksijen tedavisi goren hastalarda oksidatif stresin bir géstergesi
olarak serum okside diisiik yogunluklu lipoprotein seviyesi
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ABSTRACT

Objective: Oxidative stress (OS) is involved in the pathogen-
esis of atherosclerosis. Hyperbaric oxygen therapy (HBOT),
in which 100% oxygen is inhaled under hyperbaric pressure,
may create OS. Therefore, the aim of this research was to
measure the serum oxidized low-density lipoprotein (oxLDL)
level in patients undergoing HBOT.

Methods: Twenty-nine patients who underwent HBOT to treat
various diseases were enrolled in this study. The serum ox-
LDL level was measured at the beginning of the first and after
the 10th therapy session.

Results: There was no significant difference between the
oxLDL level of patients before and after HBOT (4.96+0.1 vs.
4.94+0.1 U/mL; p=0.36).

Conclusion: HBOT seems to be safe in terms of oxLDL pro-
duction up to 10 sessions. However, further large-scale stud-
ies investigating longer duration of HBOT treatment are re-
quired to understand the role of OS.

here is a significant amount of data showing

that oxidative stress (OS) plays a crucial role in
the pathogenesis of atherosclerosis."! The excessive
reactive oxygen species (ROS) produced by OS in-
teract with lipids, proteins, and DNA, causing struc-
tural changes, inflammation, and cellular damage.*”!
Chemicals, ultraviolet and ionizing radiation, envi-
ronmental toxins, and mutagens are well-recognized
external sources of OS." Free radicals, particularly

OzZET

Amac: Aterosklerozun patogenezinde oksidatif stres yer al-
maktadir. Hiperbarik oksijen tedavisinde ylksek basing altinda
%100 oksijen verilmesinden dolay! oksidatif stres icin bir yat-
kinlik olusabilir. Bu nedenle calismamizda hiperbarik oksijen
tedavisine giren hastalarda oksidatif stresin bir gdstergesi olan
okside duslk yogunluklu lipoprotein (oxLDL) seviyelerini dlctik.
Yéntemler: Galismaya, ¢esitli hastaliklar sebebiyle hiperbarik
oksijen tedavisine giren 29 hasta alind. ilk seasin baglangi-
cinda ve 10. seansin sonunda kan ¢rnekleri alinarak oxLDL
seviyeleri 6lculdu.

Bulgular: Hiperbarik oksijen tedavisi uygulanan hastalar-
da oxLDL seviylerinde anlamli bir degisiklik gézlenmemistir
(4.96+0.1 ve 4.94+0.16 U/ml, p=0.36).

Sonuc: Onuncu seansa kadar olan hiperbarik oksijen tedavi-
si oxLDL olusumu agisindan giivenli géziikmektedir. Oksidatif
stresin aydinlatilmasi icin daha uzun sureli tedavilerin incelen-
digi buyuk capli calismalara ihtiyac vardir.

superoxide, also inter-  appreviations:
fere with nitric oxide, 4z
leading to the produc-
tion of a number of
molecules,
peroxinitrate, all of
which are collectively
called reactive nitro-
gen species (RNS). RNS act with ROS to damage
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cells, causing nitrosative stress. Qxidized low-density
lipoprotein (oxLDL) is a reliable marker of oxidative
status, and is one of the products of the exposure of
low-density lipoprotein (LDL) cholesterol to ROS/
RNS P! Since oxLDL promotes endothelial dysfunc-
tion, and contributes to atherosclerotic plaque forma-
tion and progression, it is believed to be more athero-
genic than its native form.!!

Hyperbaric oxygen treatment (HBOT) involves
the intermittent inhalation of 100% oxygen under 2.5
atmospheres absolute (ATA), which is pressure great-
er than that of the ambient air (1 ATA), 1 standard
atmosphere of pressure at sea level. It has been used
successfully in the treatment of various clinical con-
ditions, including decompression sickness, soft tissue
infections, wound healing, and carbon monoxide in-
toxication.”’ Although there are some experimental
studies speculating that HBOT increases antioxidant
activity by providing more oxygen to the body, and
thus decreases the production of ROS and lipid per-
oxidation, these results have not been validated.®
Therefore, the goal of our study was to evaluate the
oxidative status of patients by measuring their serum
oxLDL level pre and post HBOT.

METHODS

Study population

From May 2015 to December 2015, a total of 29 pa-
tients (17 males; 58%) aged between 21and 85 years
(mean: 55%17 years) who underwent HBOT were
enrolled in this study prospectively. The inclusion
criteria consisted of patients older than 18 years with
no contraindications to HBOT. The exclusion criteria
included smoking, chronic inflammatory disease, and
current antioxidant therapy. The demographic, clini-
cal, and historical data were recorded for all of the
patients. The pathologies treated with HBOT were
primarily vasculopathies (n=20; 69%). Each consecu-
tive session was conducted 6 days a week, and con-
sisted of 120 minutes of 100% oxygen inhalation at
2.5 ATA, with 5 minute intervals every 30 minutes, in
a multiplace hyperbaric chamber. Each HBOT session
also included 15-minute compression and decompres-
sion periods.

Blood sampling and laboratory assays

Blood samples were drawn from the peripheral vein
immediately before the first and immediately after the

10th session, which represented the minimum dura-
tion of HBOT. The samples were then centrifuged at
3000 rpm for 15 minutes, and the serum was stored
at -80°C for later biochemical analysis. The samples
were tested for oxXLDL using a sandwich enzyme-
linked immunosorbent assay, according to the manu-
facturer’s instructions (Catalog no: CSB-E07931h;
Cusabio Biotech Co., Ltd, Wuhan, China). The re-
sults were expressed as U/mL. Our study plan was
reviewed and approved by the institutional review
committee (approval no: 782), and written, informed
consent was obtained from all of the patients.

Statistical analysis

Continuous variables were expressed as mean+SD,
and categorical variables were presented as num-
bers and percentages. The statistical analysis was
performed using IBM SPSS Statistics for Windows,
Version 21.0 (IBM Corp., Armonk, NY, USA). The
Kolmogorov-Smirnov test was used to assess the dis-
tribution of continuous variables, and a paired sam-
ples t-test was used to compare measurements. A p
value of <0.05 was considered statistically significant.

RESULTS

This study included 29 patients requiring HBOT for
various reasons (17 males; mean age: 5517 years).
The demographic characteristics and clinical and lab-
oratory findings of the patients are presented in Table
1. The mean body mass index was 27+4.9 kg/m?, and
the estimated glomerular filtration rate was 7625 mL/
minute. The frequency of diabetes mellitus, hyperten-
sion, peripheral artery disease, and ischemic heart dis-
ease was 44% (n=13), 27% (n=8), 69% (n=20), and
10% (n=3), respectively. Ten patients were on antihy-
pertensive therapy and 15 were on statins. The mean
serum oxLDL level for both pre and post HBOT are
provided in Table 2. Post-HBOT serum oxLDL values
were slightly lower than pre-HBOT values (4.96+0.1
vs 4.94+0.1 U/mL, p=0.36). There was no statistical-
ly significant difference in lipid parameters after the
treatment (Table 2). Statin treatment had no effect on
serum oxLDL level (pre HBOT: 4.92+0.1 vs 4.98+0.1
U/mL; p=0.53 and post HBOT: 4.93+0.1 vs 4.97+0.1
U/mL; p=0.45, on statin treatment vs no statin treat-
ment, respectively).

Of the 29 patients who underwent HBOT, 20 had
peripheral artery disease. Three patients had sudden



OxLDL in hyperbaric oxygen therapy 535
Table 1. Baseline characteristics of the patients 54
n % Mean+SD 53
Age (years) 55+17
Gender(male) 17 58 52
Body mass index (kg/m? 27+4.9
y index (kg/m?) + o e—— .
eGFR (mL/min), (mL/dk) 76125 R — >
Diabetes mellitus 13 44 S g—: %
2 —
Hypertension 8 27 N I ———
le) &;
Peripheral artery disease 20 69 4.9 %
Ischemic heart disease 3 10 j‘% —
Glucose, mean (mg/dL) 138250 48 = e
~——
Total cholesterol, mean (mg/dL) 235+33
LDL cholesterol, mean (mg/dL) 14728 i
HDL cholesterol (mg/dL) 42+12 46
Triglyceride (mg/dL) 200420 " Pre hyperbaric oxygen therapy 10" session
. . - Figure 1. The change in the oxidized low-density lipoprotein
Antihypertensive medication 10 34 level of each patient. OxLDL: Qxidized low-density lipopro-
Statin 15 51 tein.

SD: Standard deviation; EGFR: Estimated glomerular filtration rate; HDL:
High-density lipoprotein; LDL: Low-density lipoprotein.

Table 2. Mean oxidized low-density lipoprotein and other
lipid levels pre and post hyperbaric oxygen treatment

Pre HBOT PostHBOT p

Mean+SD Mean+SD

Ox-LDL (U/mL) 4.96+0.1 4.94+0.1 0.36
Total cholesterol (mg/dL)  235+33 233+32 0.86
LDL cholesterol (mg/dL) 14728 14327  0.73
HDL cholesterol (mg/dL) 42+12 4111 0.92
Triglyceride (mg/dL) 200+20 188+19  0.11

HBOT: Hyperbaric oxygen therapy; SD: Standard deviation; HDL: High-
density lipoprotein; LDL: Low-density lipoprotein; OxLDL: Qxidized low-
density lipoprotein.

Table 3. Hyperbaric oxygen treatment indications

Indications n %
Sudden hearing loss 3 10
Sudden vision loss 3 10
Peripheral artery disease 20 69
Venous ulcers 3 10

hearing loss, sudden vision loss, or venous ulcers, re-
spectively (Table 3). Figure 1 shows each patient’s ox-
LDL level before and after HBOT. The serum oxLDL

level of 12 patients increased, while the level decreased
in 14 patients, and remained the same in 3 patients.

DISCUSSION

In our study, there was no statistically significant dif-
ference in serum oxLDL level after HBOT. Further-
more, other lipid parameters did not seem to be af-
fected. Although there are some studies reporting that
statin treatment may decrease oxLDL level, in our
study group, baseline level was similar and statin use
had no major impact in terms of oxidative stress pre-
vention.”! In fact, to date, there is no evidence that
statin administration might attenuate the OS created
by HBOT.

In the search for the presence and quantification
of OS that results during HBOT, several biomarkers
have been studied, each of which showed several ad-
vantages and disadvantages. Lipoproteins are highly
susceptible to oxidative damage due to their complex
lipid-protein composition and large number of poly-
unsaturated fatty acid chains, which makes them at-
tractive for OS investigation.'” Although the exact
mechanism for the modification of LDL has not yet
been fully established, the extensive fragmentation
of fatty acid chains along with the generation of hy-
droperoxides and aldehydes are believed to be the
main factors.'"! There is much evidence showing that
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oxLDL activates endothelial cells and induces endo-
thelial dysfunction, smooth muscle cell proliferation,
and apoptosis. Moreover, it is involved in the trans-
formation of macrophages into foam cells, and the
induction of platelet activation, all of which promote
atherosclerotic plaque formation and destabilization.
112 Thus, oxLDL plays a pivotal role in the pathogen-
esis of atherosclerosis.'¥ Its close association with
atherosclerosis and the susceptibility of lipoproteins
to oxidative damage makes oxLLDL a good target to
measure the possible deleterious effects of HBOT.

In the literature, few studies have looked for se-
rum oxLDL level changes during HBOT. For ex-
ample, Kudchodkar et al. speculated that chronic and
intermittent treatment with HBOT might induce the
components of the antioxidant defense response, and
even lead to decreased oxLDL level, which may be
atheroprotective.'*!3! It has also been proposed that
depletion of the antioxidants at the target sites due
to OS activates several pathways utilizing antioxi-
dant mobilization from the body’s antioxidant stores.
161 Tn a recent study, Matzi et al. measured oxLDL
level, along with other OS parameters, and found no
differences, although malondialdehyde (MDA) and
glutathione peroxidase levels increased significantly.
7 Likewise, Eken et al. found no significant differ-
ence in the erythrocyte antioxidant capacity or lipid
peroxidation, although they claimed that it could
induce genotoxicity through different mechanisms.
81 One of the reasons these studies have conflicting
results may be related to the duration of HBOT. In a
study conducted by Ma et al., MDA level increased
slightly at session 10, and significantly at session 20,
together with increased expression of proteins and
genes (superoxide dismutase-1 and catalase) after 14
days of treatment. Based on these findings, the au-
thors suggested that the accumulation of ROS and OS
was parallel to the number of HBOT sessions.!"” In a
similar study performed by Dennog et al., antioxidant
response to a single HBOT exposure (3 x 20-minute
periods) did not reveal any significant difference in
antioxidant levels and antioxidant enzymes in healthy
subjects.”” Similar findings have also been seen in
animal studies. For instance, Simsek et al. measured
rats’ plasma levels of MDA, protein carbonyl content,
and superoxide dismutase, which are all markers of
OS. In their study, there was no change for the first
5 to 15 HBOT sessions; however, all of these levels
were found to be significantly higher in sessions 20 to

40.2" In accordance with the above-mentioned stud-
ies, we did not find statistically significant difference
in the serum oxLDL level, and this may be related to
the duration of the HBOT.

Another explanation for our results may be related
to the marker we studied. The mechanism by which
OS markers are affected is related to the complex in-
terplay between ROS, various cellular structures, and
the antioxidant capacity of the body. The suscepti-
bility of lipoproteins to OS, the stability of oxLDL
when stored at -80°C, and its good reproducibility
from frozen samples using ELISA are advantages.'**!
In addition, when compared to the other OS markers
available, oxLDL is the one that is most closely asso-
ciated with atherosclerosis. Another alternative would
be the “total antioxidant capacity” method, which
measures the combined antioxidant effect of nonen-
zymatic pathways in biological fluids and does not
take into account the enzymatic antioxidant systems,
like superoxide dismutase and catalase. It measures
both water and lipid soluble antioxidants, such as ca-
rotenoids and vitamin C. However, there are some
technical concerns regarding the specificity and sen-
sitivity of these assays, and as such, it is not recom-
mended for decisions affecting population health.!?*!
Studies incorporating the multimarker approach have
shown inconsistent results. The ideal marker for the
quantification of OS depends on the type of investiga-
tion and the investigator; therefore, we can speculate
that HBOT is safe, at least in terms of oxLLDL produc-
tion. However, further research is needed in this area.

The small sample size and measuring serum ox-
LDL as the sole marker for OS may be considered
limitations of our study. In addition, our study popu-
lation mostly consisted of patients with uncontrolled
diabetes mellitus and advanced atherosclerosis, in
whom OS should be expected to be substantial and
therefore leaving no room for further increase. HBOT
treatment of more than 10 sessions might also yield
different results.

Conclusion

HBOT seems to be safe in terms of oxLDL production
up to the 10" session. However, further large-scale
studies are required to explain the role of OS and its
relationship to HBOT.
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