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Effects of Granulocyte-Colony Stimulating Factor on
Wound Healing in a Mouse Model of Burn Trauma
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Tohoku J. Exp. Med., 2004, 204 (1), 11-16 — The effects of burn trauma and gran-
ulocyte-colony stimulating factor (G-CSF) treatment on wound healing in a surgical
incision model were studied. Sixty adult male mice were used in this study. Under
general anesthesia hot water at 97°C was applied for 3 sec to the dorsum of the mice
in order to achieve 20% burn wound. After burn trauma, full thickness midline skin
incision 2 cm in length was performed on the abdominal wall and then were sutured
primarily with 4/0 polypropylene. In Group I only skin incision was performed,
group II had skin incision and burn, in group III G-CSF (0.03 BU/30 g) was applied
intraperitoneally after burn and skin incision. Breaking strength and 5-hydroxypro-
line (5-HP) levels of the wounds were calculated 5 and 10 days after the procedure.
5-HP levels and breaking strength values showed statistical difference between
groups II-1II and I-II (p<0.05). 5-HP levels were lowest in incision and burn group
(41.80 ug/mg). Breaking strength levels were also lowest in the same group (0.12
kg) (p<0.05). These results suggest that third degree burn causes a significant
impairment on incisional wound healing and G-CSF ameliorates this impairment.
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Wound healing is a crucial issue in the
treatment of extensive burns. Split-thickness
autogenous skin graft remains the most effective
method for treating burn wounds (Fratianne et al.
1993). Optimal treatment of extensive donor sites
and other wounds in patients with major injuries
can be frustrating for both physicians and nurs-
ing staffs and can cause great discomfort for the
patients (Hansbrough 1995). Debridement and

early grafting of third degree burns have been a
highly recommended procedure in burn treatment.
Delayed healing of skin-graft donor sites may be
costly and troublesome, especially in extensively
burned patients (Smith et al. 1993). Donor site
dressing and management should maximize the
ability of the wound to heal without increasing
the risk of local infection and systemic infection.
In an attempt to improve the wound healing vari-
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ous agents have been used; recombinant human
growth hormone, keratinocyte sheets and dress-
ings containing polyurethane membranes (Brown
et al. 1989; Leicht et al. 1989; Herndon et al.
1990; Fratianne et al. 1993).

Wound healing is not a single process; many
cellular and immunologic mechanisms may take
place. It is a complex process involving interac-
tion of several growth factors, matrix proteins,
their receptors and immunomodulatory agents
(Bhartiya et al. 1992). The major immunologic
changes taking place in burn injury are depression
of several neutrophil functions such as chemotax-
is, phagocytosis, and oxidative burst (Fratianne et
al. 1993). These alterations are of interest in the
mechanisms contributing to poor wound healing.

G-CSF is a cytokine, which has been used to
reverse the neutropenia associated with cytotoxic
chemotherapy, bone marrow and haemopoietic
stem cell transplantation (Metcals 1990). G-CSF
proved to be effective in wound healing, and acts
directly on neutrophil-restricted progenitor cells
in their proliferation (Jyung et al. 1994; Cody et
al. 1999). It also induces endothelial cell prolif-
eration and migration (Bussolino et al. 1991). In
an animal model of burns and infection, G-CSF
treatment was found to increase chemotaxis
(Mooney et al. 1988). It can be speculated that
G-CSF augments the recruitment in vivo by
effectively lowering the threshold for the chemo-
tactic signals necessary to initiate directed neutro-
phils consistency to the wound site because it is
known that G-CSF enhances the binding of poly-
morphonuclear leukocytes’ (PMN) to chemotactic
peptides in vitro (Cohen et al. 1988). Moore et
al. (1990) found that patients with major trauma
had inadequate granulocytopoieses and colony-
stimulating factors were deficient.

With the hypothesis that G-CSF may aug-
ment wound healing process in burn trauma, this
paper aimed to evaluate whether burn trauma de-
creased wound healing and G-CSF had protective
effect on this process.

MATERIALS AND METHODS

Adult male mice from Animal laboratory
Unit of SDU were used in this study. All of the
guiding principles in the use and care of labora-
tory animals were strictly adhered to throughout
the study. 60 mice were randomly allocated into
3 groups. Each group consisted of 20 animals.
These were as follows; Groups I-control: skin
incision in order to simulate donor site, Group II:
skin incision and burn, Group III: skin incision,
burn+G-CSF treatment. Under general anesthesia
(Ketamin 10 mg/kg intraperitoneally+Xylazine
4 mg/kg intraperitoneally) the dorsum and the
abdominal regions of the animals were shaved.
To achieve about 20%-third degree burn, hot
boiling water at 97°C was applied for 3 seconds
to the back part of the Group II and III animals.
In all groups 2 cm full thickness skin incision on
abdominal wall was made and primarily sutured
with 4/0 polypropylene.

In group III after skin incision and burn
G-CSF (0.03 BU/30g) (Neupogen®, Basel,
Switzerland) was applied intraperitoneally for
three days. Five days after the procedure ten ani-
mals in each group were terminally anesthetized
with ether and a skin segment of 2.5x2.5 cm in
size, including the incision was excised from the
abdominal wall. Breaking strength values were
evaluated with a tensiometer (M250-2.5AX-
Testometric, Lancashire, England) in this tissue
segment. 5-Hydroxyproline (5-HP) levels were
measured in dry tissue of the excised samples
with the method described previously (Woessner
1961). These procedures were repeated for the rest
of animals on the 10th day.

Descriptive values were expressed as mean
+s.0. In statistical analysis One-Way ANOVA
(Post Hoc Test—Tukey’s HSD) were used, and p=
0.05 value was accepted as significant.

RESULTS

Breaking strength values of groups were
significantly different. Five days after the experi-
ment the wounds of the ten animals in each group
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TaBLE 1. Breaking Strength and Hydroxyproline values of the groups

o BrehgSmaghle)  SHylopole g
I (incision)
Day 5 10 0.14+0.03 56.61+13.21
Day 10 10 0.23+0.03 76.65+13.79
II (incision + burn)
Day 5 10 0.12+0.02 54.43£10.65
Day 10 10 0.14+0.05 41.80+12.35
III (incision + burn + G-CSF)
Day 5 10 0.13+0.02 55.25+ 8.35
Day 10 10 0.27+0.05 67.50+13.05

were removed. The lowest breaking strength
levels were obtained in Group II (0.12+0.02 kg)
and highest in Group I (0.14+0.03 kg) (Table 1).
In the wounds removed on the 10th day, the low-
est values of breaking strength were also seen in
Group II (0.14+0.05 kg).

Statistical analyses revealed no significant
difference between the breaking strength levels
of Sth-day wounds, but there was a significant
difference in 10th-day wounds (p<0.05) (between

0.25
0.2

o5
0.1

0.05

I
(Control)

Groups II-1II and I-IT) (Fig. 1).

The changes in the values of 5-HP were
in accordance with the changes of the values of
breaking strength. In 5th-day wounds the lowest
values were obtained in Group II (54.43+10.65
ug/mg) and in 10th-day wounds the lowest values
were also in Group II (41.80+12.35 ug/mg) (Table
1). There were significant differences between
Group II-IIT and I-IT (p<0.05) (Fig. 2).

I I
(Burn) (Burn+G-CSF)

Groups

Fig. 1. Breaking strength levels of the groups at 5th and 10th days (mean+s.D.).

M, 5th Day; M, 10th Day.

" Statistically significance between group I and group II at 10th day, p<0.05.
" Statistically significance between group II and group III at 10th day, p<0.05.
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I
(Control)

(Burn)
Groups

I jil}
(Burn+G-CSF)

Fig. 2. 5-HP levels of the groups at 5th and 10th days (mean#s.D.).

M, 5th Day; M, 10th Day.

’f Statistically significance between group I and group II at 10th day, p<0.05.
" Statistically significance between group II and group III at 10th day, p<0.05.

DiscussioN

The survival of extensively burned patients
depends on many factors. Autografts remain
the most effective method for treating burn
wounds, and wound healing is also important in
the management of these patients. In both Sth-
day and 10th-day wounds it was seen that inci-
sional wound healing in burn group was impaired
compared with the control group. Both break-
ing strength and hydroxyproline values in burn
group(s) were lower than those of control group.
This difference is more remarkable in 10th-day
wounds.

It is well known that severe thermal injury
impairs granulocyte production and its function,
and induces a depression in the function of poly-
morphonuclear leukocytes (Sartorelli et al. 1991;
Byorson and Somers 1993). It was also shown
that thermal injuries are frequently associated
with immunologic abnormalities including altera-
tions of polymorphonuclear leukocyte-associated
nonspecific resistance (Gruber and D’ Alesandro

1989). We hypothesized that G-CSF could re-
verse these effects with its ability to enhance
PMNL chemotaxis. In G-CSF treated group 10th-
day breaking strength and hydroxyproline levels
were significantly higher than those observed in
burn group. This may be due to an accelerating
response of local wound healing in trauma, which
has been augmented by G-CSF. G-CSF may
accelerate several cascades of events such as
chemotaxis, phagocytosis, and oxidative burst,
which take place in wound healing. Levenson et
al. (1965) have suggested a significant strong cor-
relation between tensile strength of wound and its
hydroxyproline content. Jyung et al. (1994) dem-
onstrated positive effects of GM-CSF and G-CSF
on wound healing. They claimed that increasing
circulating white blood cells did not affect wound
healing, stimulation of the granulocyte, macro-
phage, eosinophil colonies, and proliferation of
the neutrophil-restricted progenitor cells are more
important. G-CSF was also found to be effective
in different surgical wounds (Besner et al. 1992;
Van Lindert et al. 1995). Bussolino et al. (1991)
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showed that induced proliferation of endothelial
cells by G-CSF and GM-CSF, and these immu-
nomodulators had definite angiogenic activity
on endothelium in rabbit cornea. Burn injury is
known to decrease neutrophil chemotaxis (Nelson
et al. 1987). In an animal model the decrease in
the chemotaxis was corrected within 72 hours by
G-CSF administration initiated at the time of the
injury (Sartorelli et al. 1991). We may say that
G-CSF and GM-CSF proved to have beneficial
effects on wound healing process in animal stud-
ies. But we do not know what aspect of wound
healing was involved in impairment of healing
in the present study. Better understanding of the
complex wound-healing cascade helps our ap-
proach to wound healing and its possible failure.
From this viewpoint, it was seen that burn trauma
impairs simulated wound healing in an experi-
mental model, and G-CSF found to have benefi-
cial effects on incisional wound healing.
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