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Abstract

Objective: Lupus nephritis (LN) has negative outcomes in patients. It is associated with enhanced oxidative stress. The aim in this study was to
explore whether hyperbaric oxygen (HBO) made beneficial effects on the levels of anti-double stranded DNA (dsDNA) antibodies and interleukin-6
(IL-6) within the serum of LN mode treated with HBO compared to LN mode without HBO and negative controls.

Materials and Methods: The samples were separated into 3 groups (negative control, LN and LN + HBO groups) in 24 mice. Pristane was injected
into female BALB/c mice to make the LN model. After 60 days, HBO therapy was administered to the LN model for 10 sessions. Levels of anti-

dsDNA antibodies and IL-6 serum of all groups were examined by ELISA.

Results: The level of anti-dsDNA antibodies and IL-6, as the biomarker of LN activity, was essentially diminished within HBO [a statistically
significant decrease (p<0.050) between the LN + HBO group and LN group].
Conclusion: The inflammation in LN can be reduced by decreasing anti-dsDNA antibodies and IL-6 levels with HBO through the repairment of

hypoxia.
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Introduction

Lupus nephritis (LN) is one of the problematic
systemic lupus erythematosus (SLE) manifestations (1).
It is represented by impaired renal function, inflammatory
cytokines secretion, and production of autoantibody (2).
The immunosuppressive regimens and corticosteroids are
not specific to the disease, and they have led to side effects
on the renal damage (3,4). Fewer toxicity therapies are
needed to find.

LN may cause proteinuria with more than 0.5 grams
per day (5,6). Renal injury and tissue hypoxia are initiated
by immune complex deposition and subsequent glomerular
pathology (7). The secretion of anti-double stranded DNA
(dsDNA) antibodies could be evaluated as diagnostic and
prognostic marker (8,9). It has been accepted as a surrogate
marker for disease activity of LN in everyday clinical
routines (10). The increased levels of interleukin-6 (IL-6)

in serum are related to anti-dsDNA antibodies titers and the
activity of the disease (11).

LN can be induced by pristane, or TMPD
(2,6,10,14-tetramethylpentadecane) in mice (12). Pristane
injection generates autoantibodies that are comparable to
LN in humans (13). Pristane is the finest example of an
environmental element inducing lupus-like disease (14).
This is usually utilized in the experiment setting (12).

Hyperbaric oxygen (HBO) therapy is a treatment with
breathing 100% oxygen in the chamber and the pressure
above sea level decreases inflammation (15). Its effecy in
LN is yet to be identified. Therefore, the aim of this study
was to evaluate whether HBO therapy has beneficial effects
on LN in mice model by decreasing anti-dsDNA antibodies
and IL-6.
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Materials and Methods

Subjects

Female mice with the strain BALB/c and 8 weeks of
age (body weight: 25 + 3 g) were obtained from Biosains
Laboratory, Brawijaya University, Indonesia. Then, they
were kept 7 days of acclimatization before the trial. All
mice were given sterilized food, water ad libitum, and were
housed for 12:12 h in light and dark. The room temperature
was controlled at 22 + 1°C, with positive pressure laminar
flow. Mice were housed (maximum, 8 per cage). This trial
was held between January and March 2022 and approved
by the Ethical Committee of Medical Faculty, Airlangga
University, Indonesia.

Experimental Design

A simple random sampling was used to select and
divide all female mice into three groups (including 8 mice
in each group). There was a control group (injection with
normal saline and not exposed to HBO), LN group (a single
injection of 0.5 cc or 0.783 g/mL pristane intraperitoneally
and not exposed to HBO), and LN + HBO group (a single
injection of 0.5 cc or 0.783 g/mL pristane intraperitoneally
and exposed to HBO). LN was characterized by the
occurrence of proteinuria observed two months after
pristane injection.

HBO Therapy

The LN + HBO group got oxygen in the chamber for
the animal within 10 days. The therapy session started
with 10 minutes of breathing the air from 2.4 atmospheres
absolute (ATA) and followed by 90 minutes of breathing
100% oxygen (partitioned into 3 divisions each of 30
minutes with five minutes intervals of breathing the air).
After that, breathing the air for 10 minutes at 1 ATA. HBO
therapy schedule is shown in Figure 1.

Determination of Anti-dsDNA Antibodies and IL-6

Thirty minutes after the group of LN + HBO completed
HBO therapy, all mice were anesthetized. Serum was
collected from the hearts of mice. The examinations of anti-
dsDNA antibodies and IL-6 were carried out by ELISA.
Anti-dsDNA antibodies and IL-6 levels were obtained by
mouse anti-double stranded DNA and IL-6 antibodies from
Korain Biotech Co., Ltd, Shanghai, China. Then, they were
read by an ELISA reader.

Statistical Analysis

The version 24.0 from IBM SPSS was utilized for
analyses. The descriptive data were shown as mean =+
SD. Statistical analysis with the level of significance was
appraised as p=0.050.

38

Results

After the 10-day administration of HBO, no animal
died. The urine examination was carried out on the 60" day.
Mice in the control group did not show proteinuria, while
the LN group and the LN + HBO group showed proteinuria
with an average of +3 (=500 mg/dL).

The normality test performed by using the One-Sample
Kolmogorov-Smirnov analysis revealed that the levels of
anti-dsDNA antibodies and IL-6 had normal distribution
with p>0.050. The results of anti-dsDNA antibodies and
IL-6 showed homogeneous variance with the Levene’s
test (p>0.05). The test results of anti-dsDNA antibodies
between the groups are shown in Table 1.

Two months after pristane injection, the value of mean
+ SD increased in the serum anti dsDNA antibodies (77.37
+ 1.31 ng/mL) in the LN group compared to the negative
control group (17.64 £ 3.46 ng/mL). Furthermore, after
HBO therapy, the LN + HBO group exhibited lower levels
of the serum anti dsDNA antibodies (74.28 + 2.44 ng/mL)
than the LN group.

LN group had statistically significantly higher (p=0.001)
level of anti-dsDNA antibody. Anti-ds-DNA antibody level
was statistically signifantly lower in LN+HBO group
compared to that of LN group (p=0.025).
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Figure 1. HBO therapy schedule. Therapy started with breathing normal
air for 10 minutes from a pressure of 2.4 ATA and followed by breathing
100% O, for three fraction each of 30 minutes with two intervals of five
minutes breathing normal air and then breathing normal air for 10 minutes
at 1 ATA.

Table 1. Titres of anti-dsDNA antibodies

Group Anti-dsDNA antibodies (ng/mL)

Mean = SD Minimum Maximum p-value
gr‘;rl‘f;"l 17.64+346 1347 22.70 *0.001
LN 7737+131  75.15 79.60
LN+HBO  74.28+244 70.08 77.69 *0.025
F=1379

*Mean difference was compared to that of the LN group, significant if
p<0.05
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Two months after the pristane injection, IL-6 was
increased (26.80 = 4.28 pg/mL) in the LN group, in
comparison with the control group (22.78 + 2.02 pg/mL).
Furthermore, after HBO therapy, the LN + HBO group
exhibited lower levels of IL-6 (21.40 + 4.13 pg/mL) than
the that of LN group. IL-6 measurements are shown in
Table 2.

The mean IL-6 level of the LN + HBO group was
statistically significantly decreased (p=0.007) when
compared to that of the LN group. IL-6 levels were not
found to be statistically significantly different between LN
+ HBO and control groups (p=0.454) (Figure 2).

Discussion

Nowadays, despite being beneficial to suppressing the
progression of the disease, common treatments for LN
seldom offer remission in the long term (2). The existing
drugs have a small impact on kidney complications (16).
Recent studies have shown that HBO therapy diminished
inflammation (17). Therefore, one may speculate that
HBO therapy can reduce disease activity in LN through
decreased inflammation. This hypothesis is supported
by Chen et al., who described that HBO therapy reduces
spontaneous immunoglobulin production, proteinuria, and
anti-dsDNA antibodies in murine models of autoimmunity
(18). However, the exact role of HBO therapy in the disease
activity in LN remains unclear. We aimed to evaluate
whether HBO therapy had beneficial effects on LN. This
study limited the use of HBO therapy in changing anti-
dsDNA antibodies and IL-6.

Table 2. Description of differences in IL-6 between the
experimental groups

Group IL-6 (pg/mL)

Mean + SD Minimum Maximum p-value
ien%?:)‘lv ¢ 278202 20.10 26.85 %0.038
LN 26.80 £ 4.28 21.51 33.81
LN+HBO 21.40+4.13 17.45 30.48 *0.007
F=4.777

*Mean difference was compared to that of the LN group, significant if
p<0.05
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Figure 2. The comparison diagram of the average of anti-dsDNA
antibodies and IL-6 in the experimental groups.
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In this study, we utilized a widely accepted animal
model. Our results confirmed that administration of pristane
injection in experimental animals could induce LN, which
is characterized by proteinuria. Proteinuria in LN model
mice was detected 2 months after pristane injection. Urine
analysis showed that, mice in control group showed no
proteinuria, while mice in the LN group and the LN +
HBO group were found have proteinuria with an average
of +3 (=500 mg/dL). This was in accordance with previous
research that LN model in which. LN was induced with
proteinuria (2,18-20).

The mean of anti dSDNA antibodies showed a significant
increase after the mice received pristane injection. The level
anti dsDNA antibodies in LN model mice that received
OHB therapy in the LN + HBO group decreased when
compared to the mean anti dsDNA antibodies in nephrotic
models of mice that did not receive HBO therapy. These
results were similar to those in the the study conducted
by Lin et al. (21) on BALB/c mice injected with pristane,
showing an increased in the anti-dsDNA antibodies.

A anti-dsDNA antibodies have a cut-off value of 12 ng/
mL. High anti-dsDNA antibodies are characterized with
the levels of more than 100 ng/mL in humans (22). Anti-
dsDNA antibodies in mice injected with pristane averaged
59.78 ng/mL, whereas, it was 38.26 ng/mL in the control
group (23). Anti-dsDNA antibodies are specific for LN
(24). It contributes to organ damage (25). HBO therapy in
this study reduced anti-dsDNA antibodies. Decreased anti-
dsDNA antibodies presented improvement in LN activity.
This consideration is in line with a past report by Saito
et al. (15), in which it was shown that HBO particularly
diminished the level of anti-DNA antibodies in patients
with SLE. This suggests that HBO may have functions on
immune responses.

Administration of pristane injection increased IL-6
in animal models (16). The principal finding in this
study was that IL-6 of the LN + HBO group after 10
sessions of HBO therapy was significantly decreased
compared to the LN group. IL-6 is a proinflammatory
cytokine that facilitates adaptive T helper-2 (Th2) and Th17
responses, B cell activation, and antibody production, one
of which is anti-dsDNA (26). These results indicated that
administration of HBO therapy could reduce the disease
activity of LN, which was accompanied by a decrease in
IL-6. The results, in accordance with the study of Memar
et al. in 2019, showed that HBO had the effect to suppress
proinflammatory cytokines such as IL-6 (27).

Evidence is scarce regarding the impact of HBO on
LN. One of the studies investigating the effects of the
HBO therapy on lupus was previously carried out by
Chen et al., using lupus-prone autoimmune (NZB x NZW)
F1 mice with 90 minutes daily pressure using 2.5 ATA
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in 2 weeks (28). The result showed that HBO therapy
increased survival, diminished proteinuria, and anti-dsDNA
antibodies (28). Different from the previous studies, they
investigated the lupus activity using a different strain of
mice through proteinuria and anti-dsDNA antibodies after
HBO (28). They utilized higher pressure than that in our
experiment. The length of therapy was over 2 weeks (28).

Novak et al. (29) studied HBO therapy in BALB/c
mice with colitis. They showed that HBO therapy could
reduce IL-6. Saito et al. (15) also demonstrated that long-
term HBO therapy in another strain of autoimmune mice
suppressed the development of autoimmune symptoms.
Hypoxia initiated an inflammatory response, which leads
to decreased secretion of proinflammatory cytokines such
as IL-6 (30). HBO therapy induced changes of oxidative
capabilities of immune cells and diminished the expression
of the pro-inflammatory cytokines (31).

In the study on SLE in 18 female patients treated with
HBO with 2.2 ATA fat a duration of 60 minutes for 10 days,
anti-nuclear antibody titres were not found to be different in
10" and 30" day follow-up. (32). The air pressure, duration,
and parameters are also different in this study.

We utilized the Treatment Table 9, the HBO table
dosing protocol created by the United States Navy. The LN
+ HBO group was exposed to 2.4 ATA breathing the air for
10 minutes. After that, they breathed 100% oxygen for 90
minutes, partitioned by 3 x 30 minutes, and breathed the air
at 2.4 ATA at two-time intervals of 5 minutes. Then, after
10 minutes of breathing the air, the pressure was decreased
to 1 ATA. The treatment group received HBO treatment for
10 consecutive days.

The impact of HBO therapy in combination with drugs
should further studied. It is also needed to evaluate the
effectiveness of the long-term use of HBO on LN activity.

Conclusion

HBO could be effective in LN treatment. We have
shown that HBO could diminish LN activity by reducing
the levels of anti-dsDNA and IL-6.
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