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ABSTRACT

Anti-cyclic citrullinated peptide antibody (ACPA) is a specific autoantibody that binds with citrulline
amino acid in rheumatoid arthritis (RA). Interleukin-17a (IL-17a) is one of the cytokines that play
an important role in chronic inflammation during the process of autoimmune diseases. Bacterial
toxin antigen and collagen induced arthritis (ACIA) is the gold standard of RA animal model. The
aim of this study was to see the effect of hyperbaric oxygen (HBO) exposure on ACIA animal models.
ACIA model was made by combined antigens (bacterial toxin and collagen). A total of 24 male Balb/C
mice modelled on ACIA were divided into three groups. Eight mice did not receive HBO exposure
(control group, indicated as G1), eight mice (indicated as G2) received HBO exposure for 10 days
while remaining eight mice (indicated as G3) for five days. G2 mice were exposed to HBO 2.4 ATA
oxygen 100% for 90 minutes (30 minutes each with two intervals of five minutes breathing with
normal air) for 10 consecutive days while G3 mice were exposed only for five days. The indicators
of arthritis i.e. ACPA and IL-17a were measured by enzyme-linked immunosorbent assay (ELISA)
technique. A significant decrease in ACPA and IL-17a levels was seen in both HBO exposed groups
(G2 and G3) compared to G1 (p<0.05). There was no significant difference in levels of ACPA and IL-
17a in G3 mice and G2 mice (p > 0.05). HBO reduced inflammation in ACIA by decreasing ACPA and
IL-17a levels through improvement of hypoxic conditions and showed therapeutic potential for the
treatment of RA.
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INTRODUCTION

Rheumatoid arthritis is a chronic autoimmune
disease characterized by inflammation and joint
damage.! Hypoxia, a low oxygen partial pressure
(p02), plays an important role in the pathogenesis
of RA and constitutes a specific feature of RA.
Hypoxia induces angiogenesis, inflammation,
apoptosis, cartilage erosion, abnormal energy
metabolism and oxidative damage. Synovial
hypoxia is considered to be a potential pathogenic
factor in RA, lead to progressive immune
infiltration of cells such as B cells, T cells and
monocyte.?

Auto-reactive B cell produces anti-cyclic
citrullinated  peptides antibody (ACPA),
rheumatoid factor (RF) and anti-type II collagen
(CID).** ACPA is found to be about 95% of RA cases
and has the highest specificity among the three
autoantibodies.” ACPA is primarily noticed as
the persistent protein in the joint or circulation
that contributes to the formation of the immune
complex causes inflammation and joint
destruction. Autoreactive T cells such as Th17 (T
effector cells) are part of the proinflammatory Th-
cell producing IL-17a that contribute to RA.3° The
balance between effector T cells and regulatory
T cells determines whether autoreactive cells
can induce an autoimmune response. Drug and
surgery are needed to control symptoms, manage
pain and stop RA development. Hyperbaric
oxygen (HBO) is a therapy by using 100% oxygen
or higher levels oxygen than the normal air
under the pressure and is done at more than
1-atmosphere absolute (ATA), usually 1.5 ATA
to 3.0 ATA for 90 to 120 minutes using a high-
pressure air chamber.!! In this paper we present
the effect of HBO exposure on the treatment of
bacterial toxin antigen and collagen induced

arthritis in animal model.

MATERIALS AND METHODS

Research Design

An experimental study (randomized control
group the post-tests design) was carried out at
Experimental Animal Unit of Department of
Biochemistry, Faculty of Medicine, Airlangga
University, and Drs. Med. R. Rijadi S., Phys., Naval
Health Institute, Indonesian Navy, Surabaya,
Indonesia. The sampling was done by simple
random sampling technique.

ACIA Model Mice

In this study, we used 24 male Balb/c mice, aged
10-14 weeks, weight 20-30 grams and were
induced with ACIA. Inflammatory arthritis marks
(redness and swelling in both knee joints of
mice) were observed by investigators following a

standard protocol. The ACIA could induce chronic
autoimmune arthritis in Balb/c mice that resulted
in a rapid onset, exhibited intense inflammation
and progressive joint damage in the knee joint.
A total of 24 male Balb/C mice were used in this
study and modelled on ACIA. The mice were then
divided into three groups each groups consisted
of eight mice: (1) control group, indicated as G1
(not exposed to HBO), (2) experimental group-2,
indicated as G2 (exposed to HBO for 10 days)
and (3) experimental group-3, indicated as G3
(exposed to HBO for five days).

Prior to ACIA induction, the mice were adapted
at the Experimental Animal Unit of Department
of Biochemistry, Faculty of Medicine, Airlangga
University, Surabaya, Indonesia 14 days.
Experiment was initiated after the full adaptation
of mice. On day 0, mice were immunized with
100ug methylated bovine serum albumin (mBSA)
in 50ul phosphate buffer saline (PBS) emulsified
with 50 pl complete Freund’s adjuvant (CFA)
subcutaneously (s.c.). On day 7, the mice were
again immunized with 50pg mBSA and 100ug
CII in 50ul PBS emulsified with 50ul incomplete
Freund’s adjuvant (IFA) (s.c.). On day 14, once
again, the mice were immunized with 50ug
mBSA and 100pug bovine type II collagen (CII) in
50ul PBS emulsified with 50ul IFA (s.c). In each
immunization, 200ng of toxin Bordetella pertussis
(PTx) was given intraperitoneally (i.p.). On the
day 28, arthritis was induced by injecting 50ug
mBSA dissolved in 20ul PBS into the left knee
(ipsilateral) cavity intra-articularly (i.a) while, the
right knee joint (contralateral) cavity was injected
with 20ul PBSin i.a.. Then, on the third week after
induction of arthritis, ACIA model animals were
obtained.

HBO Exposure

The G2 and G3 mice received oxygen exposure
within the animal chamber at the Animal
Research Laboratory of the Naval Health Institute,
Indonesian Navy, Surabaya, Indonesia as shown
in Fig. 1. The G2 mice received HBO exposure for
10 consecutive days while G3 mice received HBO
exposure for 5 consecutive days followed by 5
days rest and again for 5 consecutive days HBO
exposure. HBO exposure was given in the morning
at the same hour at 7:00 western Indonesia time.

Each therapy session in animal model consisted
of breathing normal air for 10 minutes from
a pressure of 1 ATA to 2.4 ATA followed by
breathing O, 100% for 90 minutes (divided into
three fraction each of 30 minutes with two
intervals of five minutes breathing normal air)
and then breathing normal air for 10 minutes at
with lowered pressure (pressure of 1 ATA) in an
animal chamber as shown in Fig. 2.
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Fig. 1: Chamber designed and used of the exposure of HBO (left) and
mice being exposed to HBO in the animal chamber (right)

Sampling procedure

Threehoursafterthe completion of HBOtreatment,
both G2 and G3 mice, were anaesthetized using
ketamine 300mg / kgBW + xylazine 40mg / kgBW
ip. It was confirmed that the mice have been
completely anaesthetized by observing the “no
signs of pain response”. Then, blood sample was
taken directly from the heart ventricle using 3 ml
disposable syringe needles. After that animals
were euthanized.

In ACIA mice model, the examination of ACPA
and IL-17a in the plasma was performed by ELISA
following the procedures given by manufacturers.
ACPA level was measured using mouse anti-
cyclicalcitrullinated peptide antibody called
Bioassay Technology Laboratory system (Korain
Biotech Co., Ltd, Shanghai, China) with an ELISA
reader (absorbance was measured at 450nm
wavelengths) (Zenix-320 Microplate Reader).
IL-17a levels were measured using mouse IL-
17a antibody using same system used for the
measurement of ACPA level.

Data analysis

1 ATA

2,4 ATAY

Fig. 2: HBO exposure duration in one session

The IBM SPSS statistics version 22.0 was used for
all statistical analyses of data obtained. All data on
the descriptive were expressed as mean value and
standard deviation (SD). The level of significance
for statistical analysis was considered as a = 0.05.

Ethics Statement

This study was performed in between January
to April 2018 and the study was approved by
the Ethics Committee of Drs. Med. R. Rijadi S.,
Phys., Naval Health Institute, Indonesian Navy,
Surabaya, Indonesia. Standard protocols for
animal handling, experimentation and disposal
was followed.

RESULTS AND DISCUSSION

The level of ACPA and IL-17a level in three groups
of mice are shown in Table 1. The normality
test using the Shapiro-Wilk test also showed
significantly abnormal distribution of ACPA
and IL-17a levels (p<0.05). However, Lavene
test results showed ACPA and IL-17a levels with
homogeneous variance (p >0.05) in both control
group and the treatment groups.

The Kruskall Wallis test showed a significant
difference in ACPA level (p=0.008; p < 0.05) among
three experimental groups. The Mann Whitney
test showed a significant decrease (p=0.016;
P<0.05) in ACPA levels in the G2 compared to the
G1 (control group) and there was a significant
decrease (p=0.005; p<0.05) in ACPA levels in the
G3 compared to the G1. Although the average of
ACPA levels was lower in the G3 treatment group
compared to the G2 treatment group, there was
no significant difference (p=0.529; p>0.05) in
ACPA levels after HBO exposure between in G2
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Table-1: Description of differences in ACPA and IL-17a levels between experimental groups.

ACPA (ng/mL)
Group
Mean SD
G1 1.436 0.77
G2 0.643 0.37
G3 0.588 0.38

IL-17a (ng/L)

Mean SD

41.076 10.27
19.213 7.13
32.943 17.04

and G3 mice. Comparative test results of ACPA
levels in the experimental groups are shown in
Table 2 and Fig. 3.

The Kruskall Wallis test showed a significant
difference in IL-17a levels (p=0.006 (p<0.05)
among mine of three experimental groups (G1,
G2 and G3). The Mann Whitney test showed a
significant decrease in IL-17a levels in the G2
mice compared to the G1 mice (control) p=0.002
(p<0.05), however, there was no significant
decrease in IL-17a levels in the G3 mice compared
to the G1 mice (control) p=0.172 (p>0.05). In the
G2 and G3 (the treatment groups), the average of
IL-17a levels was lower in the G2 mice compared
to the G3 mice and there was a significant
difference p=0.046 (p<0.05) in IL-17a levels after
HBO exposure between in G2 and G3 treatment

Table-2: Comparative test results of ACPA and

IL-17a levels in the experimental groups.

Group ACPA (p) IL-17a (p)
G1-G2-G3 p =0.008 p =0.006
G1-G2 p =0.016 p =0.002
G1-G3 p =0.005 p=0.172
G2-G3 p =0.529 p =0.046
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Fig. 3: The comparison diagram of the average
of ACPA levels in the experimental groups

groups. Comparative test results of IL-17a levels
in the experimental groups are shown in Table 2
and Fig. 4.

In the ACIA injected experimental animals, there
was a significant decrease in levels of ACPA and
IL-17a in the treatment group (both G2 and G3)
compared with G1 (control). This was attributed
to the exposure to HBO that caused the partial
pressure of oxygen to increase in the tissues
resulting in tissue hypoxia repair in the treatment
group.*?
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Fig. 4: The comparison diagram of the average
IL-17a levels in the experimental groups.

In the normoxia condition, regulation occurred
due to hypoxia-inducible factor (HIF) so that HIF
levels decreased, because, HIF is the main sensor
for changes in oxygen levels.!® The decrease of
HIF inhibits Th17 development causing binding
of transcriptional factor retinoic acid-related
orphan nuclear receptor y (RORyt) but directly
activating the transcription factor for forkhead
box P3 (FOXP3) resulting into an increase in T
regulator formation.* RORyt had a dominant role
in cell differentiation and IL-17a production in
all immune cells and other cell types including
natural killer T cells, y8T cells, lymphoid tissue
inducer cells, neutrophils and macrophages.
RORyt synergized with other transcription factors
such as transducer and activator of transcription
3 (STAT 3) signals to regulate transcription of the
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Th17 marker cytokine IL-17a, IL-17f, IL-21 and
IL-22.% The Th17 / Treg differentiation played
an important role in homeostasis immune and
pathogen clearance.'” Th17 differentiation
into Treg caused decrease in IL-17a leading to
activation of autoreactive B cells that resulted
into the production of ACPA autoantibodies
decreasing in the HBO treatment group (G2 and
G3).18

ACPA level in G3 mice was lower than in the G2
mice, however, the difference was not significant
(P=>0.05). It could be explained that consecutive
10-day HBO therapy caused an increasing partial
pressure of oxygen to increase the higher risk of
reactive oxygen species (ROS) compared with a
non-consecutive one. A 5-day break in the G3 mice
led to an opportunity to regulate ROS levels so that
ROS level was decreased. This condition could
also cause B autoreactive activity to decrease so
that ACPA level in the G3 group was found to be
lower than G2 group.®

Unlike ACPA, IL-17a level in G2 mice was lower
than the G3 mice. The non-consecutive HBO
exposure of a 5-day break in the G3 mice resulted
in relative hypoxia inside the cell, especially the
Th 17 lymphocytes, which is required for HIF
activation. This condition could be explained
by different of the system of regulation and
transcription in cells within every cell of either
B cell lymphocytes or T cells.’® Relative hypoxia
is required to stabilize and increase HIF protein

expression one of them HIF-la in inducing
differentiation of Treg cells into Th17 with
involving E3 ubiquitin-protein ligase, an enzyme
encoded by a gene that was a family of seven
in absentia homologues (SIAH).? The ubiquitin
lease E3 SIAH1 and SIAH2 are thought to increase
the activity of the IL-17a promoter in the T-cell
line and to promote the development of Th17 ex
vivo so that the production of IL-17a increased
again although not significant.?!

Conclusion: Exposure to HBO at different
doses determines the effectiveness of therapy.
Appropriate doses may provide the expected
biomolecular effect. Present findings indicated
that HBO can improve RA by decreasing levels of
ACPA and IL-17a so that it can be an alternative
therapy that is considered successful in reducing
morbidity and mortality of RA patients.
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