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This study aims to elucidate the respective effects of normobaric hyperoxygenation
and hyperbaric pressurisation on key re-epithelialisation processes in wound
healing. Cultured human keratinocytes exposed to intermittent normobaric
hyperoxygenation exhibited enhanced cellular migration marked by a significant
decline in E-cadherin expression. Keratinocyte proliferation, cellular metabolic
activity, as well as IL-6 and IL-8 release were also significantly reduced. These
changes were not observed with hyperbaric pressurisation alone. Moreover,
cellular differentiation was not altered under normobaric hyperoxygenation or
hyperbaric pressurisation. Thus, we conclude that hyperoxygenation differentially
modulates key cellular processes in re-epithelialisation. Oxygenation, but not
pressurisation, appears to be the predominant factor modulating keratinocyte
migration and proliferation. These findings argue for an alternative treatment
modality to hyperbaric oxygenation for wound healing, focused on enhancing
tissue oxygenation without administering hyperbaric pressures.
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INTRODUCTION

Wounds are a serious health problem that costs
health organisations billions of pounds each year, and
it is also associated with a high mortality rate (Guest
et al., 2015). Adequate tissue oxygenation is essential
at all stages of wound healing (Davidson and Mustoe,
2001). Wounded tissues have an increased oxygen
demand but an undersupply of oxygen due to the
disruption of blood vessels (Gajendrareddy et al.,
2005). Hyperbaric oxygen (HBO) therapy, which has
been used as an adjunct treatment for certain chronic
wounds, is the administration of pure oxygen under
pressures  (2-3ATA). HBO
increases oxygen tension in plasma and tissues by

supra-atmospheric

simple dissolution and diffusion without relying on
the oxygen-carrying capacity of haemoglobin, thus
facilitating tissue oxygenation despite vascular
damage.
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Although the role of HBO in the treatment of chronic
wounds is well-recognised in clinical practice, there
are several limitations in its application including
barotrauma. It is not clear whether the clinical
benefits of HBO can be decoupled from the effects of
the high pressures that give rise to the side effects.
The aim of this study is to compare the effects of
normobearic hyperoxygenation (NBG; ie.
administration of pure oxygen under atmospheric
pressure) and hyperbaric air (HBA; i.e. administration
of 95% air/5% CO. under hyperbaric pressure, 3
ATA) in vitro. Key cellular activities in re-
epithelialisation, including keratinocyte migration,
proliferation and differentiation, were investigated.

MATERIALS AND METHODS

HaCaT (immortalised human keratinocyte) cells were
grown to a confluent monolayer under standard

culture conditions (5% CO2/95% air under
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normobaric pressure). The cells were then exposed to
either NBO or HBA for 2 hours daily over 2 days.
Control cells were exposed to neither condition. The
scratch assay was performed to determine the rate of
keratinocyte migration. The area recovered by the
cells was quantified by computer-assisted image
analysis using Image] software (National Institutes of
Health, USA). Meanwhile, IL-6 and IL-8
concentrations in cell culture supernatants were
quantified using an enzyme-linked immunosorbent
assay (ELISA). Cellular expression of E-cadherin (cell
adhesion marker), the proliferating cell nuclear
antigen (PCNA; cell proliferation marker) and
involucrin  (cell differentiation marker) was
determined using Western blotting. Additionally, the
metabolic activity of the cells was investigated using

the tetrazolium (MTT) assay.

RESULTS AND DISCUSSION

Exposure of cultured keratinocytes to intermittent
NBO resulted in increased cellular migration (Fig. 1).
This phenomenon was associated with a marked
decline in E-cadherin expression (Fig. 2), indicating
reduced cellular adhesion. Neither change was
observed with HBA exposure.
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Fig. 1. The rate of HaCaT cell migration following 2-hour
daily exposures to normobaric oxygen (NBO), hyperbaric
air (HBA) or neither (control). Data are mean * standard
deviation (n =3, one-way ANOVA with Tukey’s HSD
test: *p < 0.05, **p < 0.01, "sp > 0.05).

Exposure to NBO, but not HBA, also resulted in a
marked reduction in PCNA expression, indicating
reduced cell proliferation, and cellular metabolic
activity. Moreover, a marked reduction in the release
of the pro-inflammatory markers, IL-6 and IL-8, was
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observed with NBO only. Neither NBO nor HBA

altered involucrin expression.
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Fig. 2. E-cadherin expression by keratinocytes cells
following 2-hour daily exposures to NBO, HBA or neither
(control). Data are mean * standard deviation (n = 3; one-
way ANOVA with Tukey’s HSD test: ***p <0.0001;
msp > 0.05).

CONCLUSIONS

Hyperoxygenation, but not hyperbaric pressurisation,
differentially modulates keratinocyte migration and
proliferation. Normobaric hyperoxygenation may be
an alternative treatment modality for chronic wounds
that avoids some adverse effects of HBO, such as

barotrauma.
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