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ABSTRACT
The aim of this study is to evaluate the effects of corticosteroid application on each grade of burn, and
to clarify the underlying mechanisms of the effects, especially in its acute inflammatory phase. To generate
three-graded burn models (epidermal burn, or EB; dermal burn, or DB; and subcutaneous burn, or SB),
hot water was applied on the back skin of Hos:HR-1 mice. Strongest-class (or high-potent) corticosteroid
ointment (DD group) or petrolatum (control group) was applied on the back immediately after the hot water
application on mice. Prednisolone sodium succinate (PDN group), 1 mg/kg was orally applied immediately
after the hot water application on mice. The mice were sacrificed 1–3 days after hot water application, and
the lesional skin samples were provided for histological assessment to enumerate the number of infiltrating
inflammatory cells. The mRNA expression levels of inflammatory cytokines (IL-1β, TNFα, IL-6 and IFNγ)
in the lesional skin were also investigated. As a result, corticosteroid application suppressed the number
of infiltrating inflammatory cells in the DD group of EB and SB at the early phase, and in DB at all timepoints. However, the number of infiltrating inflammatory cells increased in EB on day 3. Expression of
cytokines was generally suppressed in the PDN group of SB. In the cases of EB and DB, some cytokines had
decreased but many of the others showed increased expression. In conclusion, the anti-inflammatory effects
of corticosteroids are not simple inhibitory effects on inflammatory cell infiltration and cytokine production,
but exert more complicated effects in vivo.
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Introduction
Burns are one of the most common and devastating forms of
trauma. For clinical applications, corticosteroid ointment is widely
used for the initial care of a burn. The suppression of inflammation and
accompanying pain and tissue damage is considered to be the theoretical
basis of this application. However, no clear evidence has ever been
reported. The healing of a skin wound is a systemic process consisting
of three sequential phases including inflammation, proliferation and
maturation. These phases are progressed by a complicated interaction
of cells of various types[1]. A number of studies have demonstrated
that a variety of cytokines, chemokines, growth factors and proteases
are intimately involved in this process[1,2]. Therefore, it would provide
useful information to clarify any alteration of lesional inflammatory
cell infiltration and cytokine production in the inflammatory phase after
corticosteroid application.
The aim of this study is to prepare mouse models of various grades
of burn and, using these models, to evaluate the effects of corticosteroid
application on each grade of burn in the acute inflammatory phase,
especially on lesional infiltration of inflammatory cells and production of
inflammatory cytokines.
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Materials and Methods

Quantitative analysis of local cytokine
expression

Generation of mouse burn models

The mRNA expression levels of inflammatory
cytokines (IL-1β, IL-6, TNFα and IFNγ) in the
lesional skin were investigated by real-time
polymerase chain reaction (PCR) using SYBR Green
Real-Time PCR System (Roche Diagnostics, Basel,
Switzerland). β-actin was used for internal control.
PCR primers were purchased from Nihon Gene
Research Laboratories Inc. (Sendai, Japan). Each
experiment was repeated three times and the mean ±
standard errors of the mean (SEM) was shown.

Hairless Hos:HR-1 mice were purchased from
SLC (Hamamatsu, Japan). To generate threegraded burn models, hot water was applied with
a cotton sponge on the back skin of adult (8 to 12
weeks old) female Hos:HR-1 mice[3]. To establish
a model of epidermal burn (EB), dermal burn
(DB) and subcutaneous burn (SB), hot water was
applied at 70 °C for 1 s, at 80 °C for 5 s and at 80
°C for 10 s, respectively. To examine the effects of
topical corticosteroid application, a strongest-class
corticosteroid ointment (diflorasone diacetate, or
DD) was applied on the back immediately after the
hot water application in some mice. As a control,
petrolatum was applied in some other mice. To
examine the effects of systemic corticosteroid
application, 1 mg/kg of prednisolone sodium
succinate (PDN) was fed immediately after the
hot water application in other mice (n = 10 in each
group). All mice were fed with standard feed and
given water ad libitum. This research protocol
was approved by the Animals Care Committee of
Wakayama Medical University.

Statistical analyses
Statistical analyses were performed with the
Student’s t-test.

Results
Generation of hot water-induced three grades
of burn model on hairless mice
According to the protocol approved by the
Animals Care Committee of Wakayama Medical
University, hot water was applied on the back of
hairless Hos:HR-1 mice to generate three grades
of burn model. Hot water application at 70 °C for
1 s caused only EB, while DB or SB was stably
developed when hot water was applied at 80 °C for 5
s or at 80 °C for 10 s, respectively (Figure 1).

Histological and immunohistochemical
analyses
The mice were sacrificed 1–3 days after the hot
water application, and the lesional skin samples were
isolated and paraffin-embedded sections were made,
followed by hematoxylin and eosin (HE) staining. In
another series, some of them were immunostained
with rabbit anti-mouse myeloperoxidase (MPO)
polyclonal antibodies (pAb) (NeoMarkers, Fremont,
CA) and rabbit anti-human CD3 pAbs (Dako
Japan, Tokyo, Japan). The number of infiltrating
inflammatory cells was enumerated using WinRoof®
software (Mitani Corporation, Tokyo, Japan).
(A)

(B)

(C)

Variable effects of corticosteroid application
on burn grade-dependent inflammatory cell
infiltration
On the histological analysis, the change in
the number of infiltrating inflammatory cells was
compared between control, DD and PDN groups. In
general, the deeper the burn, the higher the number
of infiltrating inflammatory cells were observed (EB
< DB < SB), as shown in Figure 2. Since the ratio
of the sum of MPO-positive and CD3-positive cells

(D)

(E)

(F)

Figure 1. Gross and histological pictures of each degree of burn. Hot water was applied on hairless back skin of Hos:HR-1 mice
to induce epidermal burn, or EB (A); dermal burn, or DB (B); and subcutaneous burn, or SB (C). Original magnification 200× of EB
(D), DB (E), SB (F).
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(A)

(B)
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Figure 2. The number of infiltrating inflammatory cells in each degree of burn with/without corticosteroid application. After
hot water-induced burn injury, lesional skin was isolated at indicated time-points and provided for hematoxylin and eosin staining.
The dotted line, solid line and dashed line indicate control, corticosteroid (DD) and Prednisolone sodium succinate (PDN) groups,
respectively. Statistical analyses were performed against the control group on each day. *p < 0.05, (A) epidermal burn, or EB, (B)
dermal burn, or DB, (C) subcutaneous burn, or SB. Bars indicate standard errors of the mean (SEM).

than that of EB (Figure 2C). In the DD group,
the number of infiltrating inflammatory cells was
significantly lower only on day 1. In contrast, the
number of infiltrating inflammatory cells in the
PDN group was highest on day 1, without any
significant difference from that in control at any
time-point. These results suggest that inflammatory
cell infiltration induced by SB was a delayed but
temporal (highest on day 2) event and topical
corticosteroid application showed immediate and
only temporary inhibition of inflammatory cell
infiltration, while oral corticosteroid application
showed only small effects.

in all infiltrating cells measured by HE stain reached
almost 100% in EB, 95% in DB or 89% in SB (data
not shown), most of the infiltrating inflammatory
cells were neutrophils and lymphocytes.
In the case of EB, the number of infiltrating
inflammatory cells was highest on day 1 and de
creased for another two days in control mice. How
ever, in the DD group, it was significantly lower on
day 1 than in control and then increased for another
two days to become significantly higher than the
control on day 3 (Figure 2A). On the other hand,
in the PDN group, it was almost the same level on
day 1 but decreased to a significantly lower level on
day 2 compared with the control, and then increased
to a similar level as the DD group on day 3. These
results suggest that inflammatory cell infiltration
induced by EB was immediate and temporal (highest
on or before day 1) event and topical corticosteroid
application induced delayed and slower but sustained
infiltration of inflammatory cells, while oral
corticosteroid application showed delayed and only
temporal inhibition of inflammatory cell infiltration.

Variable effects of corticosteroid application
on burn grade-dependent local inflammatory
cytokine production
By quantitative PCR, the change in the lesional
mRNA expression of inflammatory cytokines,
including IL-1β, TNFα, IL-6 and IFNγ, was
compared between control, DD and PDN groups. In
general, higher production of inflammatory cytokines
was commonly observed in deeper burns (EB < DB
< SB), as shown in Figure 3.

In the case of DB, the number of infiltrating
inflammatory cells in control mice reached almost
twice that of EB on day 1 and remained at a similar
level for another two days (Figure 2B). In the DD
group, it was significantly lower than the control on
day 1 and for another two days. In the PDN group,
it was further decreased on days 1 and 3. These
results suggest that DB-induced inflammatory cell
infiltration was a prolonged (more than 3 days)
event and topical and oral corticosteroid applications
similarly showed stable inhibition of inflammatory
cell infiltration.

In the case of EB, weak production of IL-1β,
TNFα and IFNγ, but almost no IL-6, was observed
with a peak of IL-1β and IFNγ on day 2 and TNFα
on day 1 in control mice (Figure 3A–D). IL-1β
production was significantly lower in the DD group
than in control on days 1 and 2, while it was higher
on day 3 without significant difference. In the PDN
group, it was higher on day 1 without significant
difference, and significantly higher on days 2 and
3 (Figure 3A). TNFα production was significantly
lower in the DD group than in control from day 1 to
3, while the same effect was observed only on day
2 in the PDN group (Figure 3C). Weak production
of IL-6 was observed in both DD and PDN groups,

In the case of SB, the maximum number of
infiltrating inflammatory cells in control mice was
observed on day 2 and was almost three times more
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2. In the DD group, IL-1β production tended to be
lower on day 1, but higher on days 2 and 3 than in
control (Figure 3I). In the PDN group, it was lower
than in control for all three days. The same tendency
was also observed for IL-6 and IFNγ production in
the PDN group and for IL-6 production in the DD
group (Figures 3J and L). TNFα production was
significantly lower on day 2 in both DD and PDN
groups, and tended to be lower on day 1 in the DD
group and on day 3 in the PDN group, than in control
(Figure 3K). In the PDN group, IFNγ production
tended to be lower on day 1 than in control, while it
gradually increased and tended to be higher on day 3
(Figure 3L).

which was higher than in control on days 1 and 2
in the DD group and on day 3 in the PDN group
without significant difference (Figure 3B). IFNγ
production was significantly lower than in control on
day 2 in the DD group. In contrast, it was higher than
in control on days 1 and 3 in the PDN group without
significant difference (Figure 3D).
To summarize, in our model of EB, weak mRNA
expression of TNFα with following IL-1β and IFNγ
was transiently induced. Most of the inflammatory
cytokine production was significantly inhibited
by topical corticosteroid, whereas significant up
regulation of IL-1β production on days 2 and 3
and the same tendency of other cytokines, except
for inhibition of TNFα production on day 2, was
observed after oral corticosteroid application.

To summarize, in our SB model, mRNA ex
pression of IL-1β, IL-6 and IFNγ with following
TNFα was transiently induced. Oral corticosteroid
application decreased any cytokine production
at all time-points, whereas topical corticosteroid
application increased IL-1β and IFNγ production on
days 2 and 3.

In the case of DB, almost ten times more IL-1β
and two times more IL-6 and IFNγ mRNA expression
was observed than in EB (Figure 3A–H). In control
mice, mRNA expression of all four cytokines was
only limited at all time-points, with an exception
for much increased TNFα expression on day 3.
IL-1β production was significantly higher than in
control, on day 3 in the DD group and on days 2 and
3 in the PDN group (Figure 3E). IL-6 production
also tended to be higher than in control on days
2 and 3 in both DD and PDN groups, whereas it
was significantly lower on day 1 in the PDN group
(Figure 3F). For TNFα and IFNγ production, the
DD group showed almost the same level as the
control at all time-points. In the PDN group, TNFα
production gradually declined to a lower level than
in control on day 3 without significant difference
(Figure 3G). In contrast, IFNγ production in the
PDN group was significantly higher on days 1 and 2,
but had decreased to almost the same level on day 3,
compared with that in control (Figure 3H).

Comparison of the effects of corticosteroid
application on burn grade-dependent
inflammatory cell infiltration and local
cytokine production
To compare the variable effects of corticosteroid
application more directly, the ratio of the number of
infiltrating inflammatory cells in the DD group to
control and that in the PDN group to control, as well
as the ratio of relative mRNA expression level in the
DD group to control and that in the PDN group to
control for each cytokine, were calculated and were
summarized in Table 1. Columns including the ratio
<0.5 and >1.5 are highlighted in gray and black,
respectively.
In the case of EB, the number of infiltrating
inflammatory cells was lower than that of control
on days 1 and 2, whereas it showed a greater than
1.5-fold increase over the control on day 3 in both
DD and PDN groups. Similarly, lower expression
on days 1 and 2 and higher expression on day 3 of
IL-1β and IFNγ were observed in the DD group. In
contrast, higher expression of IL-1β and IFNγ was
observed throughout from day 1 to day 3 in the PDN
group. TNFα expression was lower in DD, but was
almost the same as in the PDN group, compared
with control at all time-points. Interestingly, IL6expression was always higher than control in both
DD and PDN groups; it peaked on day 2 in DD and
on day 3 in the PDN group.

To summarize, in our DB model, mRNA ex
pression of IL-1β, TNFα, IL-6 and IFNγ was quite
limited, and only TNFα was significantly increased
on day 3. Topical corticosteroid application showed
almost no effect, except for significantly elevated
production of IL-1β on day 3. For oral corticosteroid
application, in addition to the similar effects,
decreased TNFα production on day 3 and IL-6
production on day 1 and increased IFNγ production
on days 1 and 2 were also observed .
In the case of SB, almost two times more IL-1β
and IFNγ and four or five times more TNFα and IL-6
mRNA expression was observed than in DB (Figure
3E–L). In control mice, production of IL-1β, IL-6
and IFNγ peaked on day 1 and gradually decreased
after that, while TNFα production peaked on day

In the case of DB, the number of inflammatory
cells was always lower than control in both DD and
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(L)

Figure 3. Local mRNA expression of inflammatory cytokines in each degree of burn with/without corticosteroid application. After
hot water-induced burn injury, lesional skin was isolated at indicated time-points and provided for real-time PCR analysis. Relative
mRNA expression levels were calculated using β-actin for internal control. The dotted line, solid line and dashed line indicate control,
corticosteroid (DD) and Prednisolone sodium succinate (PDN) groups, respectively. *p < 0.05, (A) IL-1β on epidermal burn, or EB,
(B) IL-1β on dermal burn, or DB, (C) IL-1β on subcutaneous burn, or SB, (D) TNFα on EB, (E) TNFα on DB, (F) TNFα on SB, (G)
IL-6 on EB, (H) IL-6 on DB, (I) IL-6 on SB, (J) IFNγ on EB, (K) IFNγ on DB, (L) IFNγ on SB. Bars indicate standard errors of the
mean (SEM).
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Table 1. The ratio of DD/control and PDN/control in the number of infiltrating inflammatory cells and relative mRNA expression
levels of inflammatory cytokines in each degree of burn. The ratio of the number of infiltrating inflammatory cells in DD group
to control and that in PDN group to control, as well as the ratio of relative mRNA expression level in DD group to control and
that in PDN group to control for each cytokine, were calculated and summarized. Columns including the ratio <0.5 and >1.5 were
highlighted in gray and black, respectively.

EB
DB
SB

Cells

IL-1β

TNFα

IL-6

IFNγ

Day Day Day
1
2
3

Day Day Day
1
2
3

Day Day Day
1
2
3

Day Day Day
1
2
3

Day Day Day
1
2
3

0.59 0.90 1.97

0.17 0.64 2.91

0.29 0.35 0.51

7.59 12.09 1.45

0.49 0.09 1.21

PDN 0.97 0.75 1.74

2.80 1.95 3.03

1.00 0.60 1.06

2.84 4.14 10.22

3.89 1.04 2.43

0.68 0.84 0.68

3.67 1.99 5.95

1.84 1.02 1.17

1.65 1.42 2.14

0.71 1.07 0.91

PDN 0.56 0.88 0.37

1.30 2.55 6.26

2.65 1.60 0.27

0.36 1.38 3.51

11.28 7.27 1.11

0.47 0.78 0.93

0.23 1.58 1.59

0.16 0.36 0.95

0.17 0.48 0.88

0.07 1.42 15.93

PDN 1.30 0.89 1.06

0.61 0.60 0.96

0.91 0.33 0.61

0.42 0.22 0.42

0.29 0.15 1.24

DD
DD
DD

Note: EB: epidermal burn; DB: dermal burn; SB: subcutaneous burn; DD: corticosteroid; PDN: Prednisolone sodium succinate

higher expression of IFNγ on day 3, were noted in
the DD group.

PDN groups. In particular, it was lowest at 0.37
times in PDN on day 3. In contrast, significantly
lower expression of cytokines was barely observed.
Indeed, lower expression was observed only in cases
with IL-6 on day 1 and TNFα on day 3 in the PDN
group.

Discussion
It has long been discussed, without conclusion,
of how corticosteroids affect the initial treatment
of burns and what kind of influence is exerted by
corticosteroids on cytokine production and in
flammatory cell infiltration. Furthermore, few
data are available on the comparison of systemic
corticosteroid application with its topical application
for burn injury.

In the case of SB, the number of inflammatory
cells was lowest on day 1 and increased to be closer
to the control on day 3 in the DD group. In the PDN
group, it was higher than control on day 1, declined
on day 2 and got closer to the control on day 3. In
contrast, significantly higher expression of cytokines
was barely observed. Indeed, higher expression was
observed only in cases with IL-1β on days 2 and 3
and IFNγ on day 3 in the DD group.

Corticosteroids are well known for their antiinflammatory action. Burn injury causes direct
destruction of epidermal and dermal tissue and
accompanying increases in inflammatory cell
infiltration and cytokine expression, resulting in
swelling, pain and fever known as the inflammatory
triad. Therefore, it is tempting to believe that sup
pression of such inflammatory reactions can be
achieved by using corticosteroids. Actually, during
clinical applications, it is sometimes noticed that
corticosteroids seem to improve the burn-induced
redness and swelling. Therefore, to clarify the the
rapeutic effects of corticosteroids on burn injury, we
applied corticosteroids locally or systemically on
mouse models of hot water-induced various grades
of burn and examined the effect of corticosteroids
on inflammatory cell infiltration and cytokine
expression in their acute inflammatory stage.

In summary, applying corticosteroids for EB
suppressed the number of infiltrating inflammatory
cells at the early phase, but then markedly increased
on day 3. The same tendency was observed for the
expression of inflammatory cytokines, such as IL1β and IFNγ, in the DD group, whereas in the PDN
group most cytokines were expressed at higher
levels than in control at all time-points. On the
other hand, in the case of DB, coincidence of the
suppression of inflammatory cell infiltration and the
upregulation of cytokine expression was observed
at all time-points, with only a few exceptions of the
suppressed expression of IL-6 on day 1 and TNFα on
day 3 in the PDN group. Finally, in the case of SB,
the number of inflammatory cells was suppressed
in DD, but increased in the PDN group, at the early
phase and then got closer to the control on day 3
in both groups. Although expression of cytokines
was generally suppressed in the PDN group, higher
expression of IL-1β on days 2 and 3, and much

On histological analysis, the number of in
filtrating inflammatory cells was decreased in the
case of the DB model. However, in the case of the
EB and SB models, the results were not as expected.
In particular, in the case of the EB model, the
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remodeling by the induction of tumor growth
factor (TGF)-β1 and vascular endothelial growth
factor (VEGF) production [10,11] . Actually, IL-6deficient mice showed delayed wound healing
because of reduced granulation tissue formation,
re-epithelialization, angiogenesis, infiltration
of macrophages and neutrophils, and matrix
remodeling[12–14]. In burn patients, serum and local
IL-6 levels peak approximately one week after
injury, and its high level is reportedly associated
with increased rates of morbidity and mortality[15].
IL-1β and TNFα, as well as IL-6, contribute to the
following T cell activation through the production of
acute-phase proteins[16].

number of inflammatory cells markedly increased
on day 3 both in the DD and PDN groups. Since EB
only causes transient redness without destruction
of epidermal cells, the effect of burn injury was
no longer expected on day 3. Although the precise
cause of this result is unknown, the fact that a
similar effect was observed for the expression of
several cytokines in the DD group and, furthermore,
most cytokines were always expressed at higher
levels than in control in the PDN group, suggest
the prolonged inflammation as an adverse effect
of corticosteroid application on EB with least skin
damage. In the case of the SB model, slightly in
creased numbers of infiltrating inflammatory
cells were observed in the PDN group on day 1.
However, for cytokine expression, no similar effect
with rather general suppression by corticosteroid
application was observed. Moreover, in spite of the
decreased number of infiltrating inflammatory cells
in the case of the DB model, increased expression
of inflammatory cytokines was observed in most
of the same specimens. These results indicate that
corticosteroid application on burned skin does not
simply decrease inflammatory responses, but rather
induces more complicated responses dependent
on the depth of burn injury, the method of steroid
application and the period after burn.

IFNγ is another inflammatory cytokine produced
by natural killer (NK) cells and T helper (Th)1 cells
in response to injury and is different from the other
three cytokines (IL-1, TNFα and IL-6) [17]. IFNγ
has an important role in macrophage activation
and differentiation of CD4 T cells into Th1 cells,
with inhibition of their differentiation into Th2
cells[18]. Activated macrophages and Th1 cells are
important in facilitating a proinflammatory response
to injury and, hence, IFNγ is a cytokine related
to the conversion from the inflammatory phase
to proliferative phase of wound healing. A set of
opposing cell types and cytokines can characterize
an anti-inflammatory response and subsequent
immunosuppression following burn injury[19]. Under
specific circumstances such as after severe injury,
inhibitory macrophages produce increased amounts
of PGE2 and decreased amounts of IL-12, which has
a cooperative effect on Th1 cell differentiation[9,20,21].
Accordingly, CD4 T cells begin to differentiate
into Th2 cells, which produce anti-inflammatory
cytokines IL-4 and IL-10[18,22]. In particular, in the
initial phase of burn, increased expression of IL1, TNFα and IL-6 is induced in the Th1-dominant
state. Subsequently, increased expression of antiinflammatory cytokines is induced in the shifting
from the Th1-dominant to the Th2-dominant state.

A subtle spatiotemporal regulation of inflam
matory and anti-inflammatory cytokine production
is essential for the physiological process of
wound healing[4]. Serum level of proinflammatory
cytokines reflects the systemic response to burn
injury and correlates with their local level, which
directly reflects the local response to the burn.
Proinflammatory cytokines such as IL-1α, IL-1β and
TNFα, which belong to the first signaling molecules,
were released by damaged keratinocytes and other
resident cells in response to epidermal damage[5–7].
These cytokines induce the amplification circuit
involving various cells. All of the locally produced
cytokines contribute to the appearance of fever,
production of acute-phase proteins, and an overall
status of promoted catabolism. Furthermore, they
upregulate the production of IL-6, prostaglandin E2
(PGE2) and platelet-activating factor by endothelial
cells and macrophages[8,9].

The imbalance of inflammatory and anti-in
flammatory cytokine production can result in un
balanced Th1/Th2 polarity with hyper- or hypoinflammation and, subsequently, in delayed wound
healing. Indeed, significantly higher levels of IL-6
were detected in chronic long-lasting wounds than in
acute rapidly-healing wounds[13]. This result suggests
that the prolonged inflammation causes delayed
wound healing in chronic wounds.

Serum and local levels of IL-6 are increased after
burn injury through its production by fibroblasts,
macrophages, endothelial cells and keratinocytes.
IL-6 has important functions in the proliferative
phase of wound healing. Its downstream effects
include indirect induction of neutrophil and ma
crophage infiltration, collagen deposition, angio
genesis, epidermal cell proliferation and tissue

Takano and colleagues studied the time for
50% healing of wounds in rats which were given
corticosteroid intramuscularly for three weeks pre-
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and post-operatively, and found that the time was
significantly shorter in the control group than in the
corticosteroid-applied group[23]. In addition, lower
expression of serum cytokines (IL-1β, IL-8, TGFβ
and IFNγ) was observed in the corticosteroid-applied
group on day 6. Therefore, long-term administration
of corticosteroids may cause insufficient cytokine
production in association with impaired wound
healing.
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