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Abstract: The mechanism and biological effects of comparing recombinant human epidermal growth factor (rhEGF)
with recombinant human basic fibroblast growth factor (rhBFGF) were evaluated on the model of incised wounds on
ventral side of rabbit’s ears in order to direct their medication in clinical. Total of 72 incised wounds on ventral side
of 24 New Zealand rabbits’ ears were divided randomly into two therapeutic groups (thEGF group with 10 ug/cm?
and rhBFGF group with 100 AU/cm?) and a control group (1% silver sulfadiazine cream, SD-Ag). The observation of
wounds, the measurements of healing wound area, the calculation of wound closing index, the histopathological
examination, the electrical microscopic examination, and the expression of examining integrin , MRNA of samples
of three groups by in situ hybridization technique were used to evaluate the results of wound healing. The results
showed that the wound healing was accelerated in all wounds treated with rhEGF and rhBFGF, and the quality of
healing wounds of two therapeutic groups was better than that of the control group. In rhBFGF group, new granu-
lation tissue was more than that of rhEGF group in earlier period and metaphase of healing wound, however, the
velocity of re-epithelialization in rhEGF group was faster than that of rhBFGF group in metaphase and late period.
The results indicate that rhEGF and rhFGF can improve wound healing, but the detailed mechanisms and the
biological effects were different. rhBFGF may be used to promote the growth of granulation tissue in earlier period
and metaphase of healing wound, however, rhEGF may be used to accelerate the velocity of re-epithelialization in
metaphase and late period. That rhBFGF and rhEGF were utilized in sequence can not only accelerate the velocity
of healing wound and promote the quality of healing wound but also obtain the best ratio of effects versus value.
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Introduction structures, the differences mechanisms of pro-
moting wound healing, thus impacting on their
applications such as the indications and timing.
So we would like to study the effective phase
and the mechanism of middling dosage rhEGF
and rhBFGF on improving the quality of wound
healing with relevant references [12, 13],
through comparing rhEGF with rh3FGF improv-
ing the wound healing on the model of incised
wounds on ventral side of rabbit’s ears, in order
to direct their medication in clinical.

The cellular growth factor is a special kind of
factors which can stimulate the proliferation of
target cells, increase the synthesis of extracel-
lular matrix and promote the wound healing
[1-4]. It's an important bioactive polypeptide
that participates in wound healing of trauma
and large-area burn [5, 6]. With the develop-
ment of modern genetic engineering technolo-
gy, the growth factor has been batch to
obtained and used widely in wound healing. It
may not only improve the survival ratio and
quality of life, but also reduce the medical

Materials and methods

costs. The epidermal growth factor (EGF) and Animal model
basic fibroblast growth factor (BFGF) are the
focus of growth factors [7-11]. Because of Total of 12 New Zealand rabbits (provided by

neglecting the differences of their sources and the department of animal experiments, Sun
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Yet-Sen University), weight of 2300-3000 gram,
male and female unlimited, feeding a week in
single cage before the experiment. 8% sodium
sulfide is used for removing the hair of ventral
side of rabbit’s ears on the day before experi-
ment. We use ether for inhaled anesthesia and
rabbit frame for fixed. Three rounds in 1.5 cm
diameter are marked with the template along
the long axis on the ventral side of each rabbit’s
ear, distributing equally. After disinfection, 72
circular wounds of the full thickness defect,
deepening to the perichondrium are completed
by scalpel along the mark totally. All of the
wounds are stochastically divided into two ther-
apeutic groups (rhEGF group and rh3FGF group)
and a control group (1% silver sulfadiazine
cream, SD-Ag).

Growth factors and application methods

Recombinant human epidermal growth factor
(rhEGF) and recombinant human basic fibro-
blast growth factor (rhBFGF) are provided by
Zhuhai YiSheng biological pharmaceutical Co.
LTD. The moderate doses of rhEGF (10 ug/cm?)
and rhBFGF (100 AU/cm?) are respectively used
to the wounds of the therapeutic groups while
1% silver sulfadiazine cream are used to that of
the control group. Each wound needs steriliza-
tion every day until healing. After cleaning each
wound by normal saline and drying by sterile
gauze, we use the rhEGF 10 ug/cm? to cover
the wounds and the rhBFGF 100 AU/cm? to
spray the wounds, then bandage the wounds
after 5 minutes. While the wounds are covered
by 1% silver sulfadiazine cream and bandaged
in the control group.

General observation

We observed granulation tissue growth and
wound healing time, and described the area of
wound healing with the wound photography
and transparent graph paper. The wound area
was measured by the transparent graph paper,
through the computer image analysis tech-
nique. The wound closing index was calculated
according to the following formula: wound clos-
ing index = (1 - post-treatment wound area) /
original wound area x 100%.

Histopathological examination

The wound organization were taken on 3" day,
7t day, 14" day, 21*" day, 28" day, 60" day and

656

90" day. The specimen were stained by HE
staining (hematoxylin-eosin staining, HE stain-
ing) after fixed by the 10% formalin liquid. We
observed the granulation tissue growth and
epithelization time. We calculated randomly the
number of the fibroblasts and capillaries in the
five visions of 10 x 20 times, then take the
average value. We detected the collagen and
the quality of the wound healing by VG staining
(Van - Gerson staining, VG staining). All the dif-
ferences would be compared between the
groups.

Electrical microscopic examination

The specimen were taken on 3 day, 7" day,
14" day, 21" day, 28" day, 60" day and 90"
day, fixed by electron fixed liquid. We observed
the ultra-micro structure, including the cellular
and sub-cellular structures, the cellular rela-
tionship and the capillaries, the collagen, etc.
Then we could compare the similarities and dif-
ferences of ultra-micro structure between the
groups.

Integrin B1 mRNA in situ hybridization

The specimen were taken on 3™ day, 7" day,
14" day, 21" day, 28™ day, 60" day and 90"
day, fixed 4-6 hours by 4% polyformaldehyde
(dispensing by 0.1 MPBS contained 0.1% of the
DEPC). We cut it into slices of 5-7 um thickness,
then completed the situ hybridization according
to the instructions of integrin 1 mMmRNA kit
(Wuhan Boshide biological technology Co. LTD).
We examined and compared the expression of
integrin B1 mRNA between the groups.

Statistical analysis

We used the SPSS11.0 statistics software
package for analysis. The data was described
as x *s. The differences between groups were
compared by the chi-square test (P < 0.05 for
statistical significance).

Results
General observation

Before the healing, the wounds of two treat-
ment groups were dry. The granulation tissue
was soft, rosy, easy to bleed and grew actively.
While exudation, swelling, paleness, toughness
and hard to bleed could be seen on the wound
of control group. From 3" to 14" day, the granu-
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Table 1. Comparison of wound closing index (%, + s) at different time phages in rhEGF group, rhBFGF

group and control group (x? test)

7 days (n = 24)

14 days (n = 22)

21 days (n=18) 28days (n=14)

rhBFGF group (100 AU/cm?) 17.30 + 3.23
rhEGF group (10 pg/cm?) 13.97 + 1.48
control group (SD-Ag) 8.75+2.31

3743 £5.31
31.22 +4.53
15.34 + 3.17

7173+ 712 98.15 + 2.45
87.23 +5.41 99.37 +5.39
30.17 £ 4.92 79.86 + 4.62

Figure 1. Compared to the control group on the 14™ day, the fibroblast of the two treatment groups had expansion
endoplasmic reticulum and hypertrophic mitochondria and more mitochondria.

lation tissue of the rhBFGF group grew faster
than that in the rhEGF group. The granulation
tissue of the rhBFGF group was big granular
and higher than the original wound, while that
of the rhEGF group was small granular. The epi-
thelial tissues of the rhBFGF group is not obvi-
ous at the wound edge, on the contrary, that of
the rhEGF group is obvious. From 14" to 21"
day, the marginal tissue of the rhEGF group
crawled obviously. Epithelization would be seen
at the same time. At the rhEGF group, the crawl-
ing velocity of the epithelium would increase
from 21™ to 24™ day, and the wound was fully
covered with epithelium and healing after 24®
day, while the granulation tissue of the rh3FGF
group grew slowly and the wound gradually
shrink. The wound of the two therapeutic
groups would heal completely for 28" day. The
healing wound surface was brightly red and the
epithelization was almost obvious in the two
therapeutic groups. While the complete wound
healing of the control group needed 30 days,
and the healing wound surface was dark red
and higher than the normal skin. Compared
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with the two control group, the hypertrophic
scar of the two therapeutic groups was less
apparent, the difference of epithelial color was
less obviously and a few hair growth could be
seen on the healing surface on the 60-90 days.
The wound closing index of the two therapeutic
groups was significantly different from the con-
trol group (P < 0.05). Meanwhile, the difference
of the wound closing index was also significant
between the two therapeutic groups (P < 0.05)
(Table 1).

Histopathological examination

Among the specimens of the three groups
stained by HE, we could find that the number of
fibroblast and capillary in the rhBFGF group was
significantly more than that in the rhEGF group,
and that of the two therapeutic groups was also
significantly more than that of the control group
in the earlier period (3~7 days). In the meta-
phase (7~14 days), the number of fibroblast
and capillary was no significant difference by
comparing the rhBFGF group with the rhEGF
group, but that was significant difference by
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EGF Normal skin

Figure 2. On the 28" day, the fibroblast cytoplasm of the control group was not stained, while that in the two thera-
peutic groups showed a positive result. The positive cells were distributed not only in the papillary and subdermis,
but also in some parts of epidermal layer of the healing wound. The epithelial layers in the rhEGF group were more
than that in the rhBFGF group; the base membrane and the papillae of corium were evident at 28 days after treat-
ment of rhEGF, that of rhBFGF group were blurring. (in situ hybridization x 400).

comparing the two therapeutic groups with the
control group (P < 0.05). On the 28" day, the
number of the epithelial layers in the rhEGF
group was more than that in the rhFGF group,
but the wound of the control group did not
healed completely. Compared to the control
group, the fibroblast and capillaries of the two
therapeutic groups were significantly less on
the 60™"-90*" day. We could find that the colla-
gen was slim and arranged regularly and the
basic membrane was complete and the dermal
papillary was visible in the two therapeutic
groups, on the contrary, the collagen was
crassitude and arranged disorderly and the
basic membrane was incomplete and the der-
mal papillary was invisible in the control group.
The number of collagen stained by VG in the
two therapeutic groups was significantly more
than that in the control group, and there was no
significant difference by comparing the rh3FGF
group with the rhEGF group.

Electrical microscopic examination

Compared to the control group on the 3~14t"
day, the specimens of the two therapeutic
groups had more fibroblasts, 2-3 nucleoli,
expansion endoplasmic reticulum and hyper-
trophic mitochondria. Desmosome junction
could be seen among the fibroblasts, macro-
phages and mastocytes. The number of capil-
lary increased and the cavity filled with red
blood cells expanded. The number of fibroblast
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and capillary in the rh3FGF group was more
than that in the rhEGF group on the 3-14%" day
(Figure 1); In the late period (60™"-90™" day),
compared to the control group, less fibroblast
of the therapeutic groups could be seen micro-
scopically. The nuclear chromatin concentrated
at the edge. The expansion of endoplasmic
reticulum was not apparent. The lysosome in
macrophages increased with cell fragments.
The mastocyte degranulated into vacuolation.
The collagen fiber became slim with regular
arrangement. The capillary decreased with
closed lumen, but there was hypertrophic scar
ultrastructure in the control group.

Integrin B1 mRNA in situ hybridization

The results showed that the fibroblast cyto-
plasm of the control group was not stained,
while that in the therapeutic groups showed a
positive result. The positive cells were distrib-
uted not only in the papillary and subdermic,
but also in some parts of epidermal layer of the
healing wound. There was no significant differ-
ence between the two therapeutic groups,
which indicated that the effect of promoting
wound healing of rhBFGF and rhEGF was close-
ly related with the expression of integrin 1. On
the 28™ day, the epithelial layers in the rhEGF
group were more than that in the rhFGF group,
which was the same as the result observed by
the light microscope with HE staining (Figure 2).
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Discussion

Growth factor existed widely in living organism.
It combined with the specific receptor of the
target cells. It had the biological effects through
intracellular transition, tyrosine phosphoryla-
tion or induction by cAMP (Cyclic adenosine
monophosphate) and cGMP (Cyclic guanosine
monophosphate). The effects for promoting
wound healing included as followed: chemotax-
is and induction of the inflammatory cells and
fibroblasts into the wound, stimulation of prolif-
eration and differentiation, promotion of vascu-
larization of the wound, adjustment the secre-
tion of extracellular matrix such as collagen
and induction of the cell factor synthesis of the
contiguous cell [14-17]. By the research of gen-
eral observation, calculation of the wound clo-
sure index, histopathological examination, and
electrical microscopic examination, the results
showed that both the wound healing time and
curative effect of the therapeutic groups were
much better than that of the control group. It
meant both rhBFGF and rhEGF could promote
the wound healing [18], but distinction existed
in the mechanism, timing and effects. The
BFGF realizes the wound healing mainly through
promoting the proliferation and steroids activi-
ties in the wounds and burns, furthermore,
BFGF can promote the scarless wound healing
upon the induction of apoptosis of myofibro-
blasts and reduce scar formation [19]. Our
experiment also showed the strengthen perfor-
mance of wound healing in the rhBFGF group as
followed: high activity of proliferation in the
fibroblast, increased secretion of the collagen,
capillary increased and the lumen expansion.
These effects of rhBFGF mainly ruled in the ear-
lier period or the metaphase, whereas the
mechanism of promoting wound healing by EGF
was different. Firstly, EGF combined with the
EGF-receptor on the basic membrane near the
wound [20]. Then it would promote the basic
membrane cells separation and transition. The
wound epithelization would be accelerated by
mitosis, which formed stratified epithelium
cells from monolayer cell. Therefore, the main
role of the EGF was promoting the re-epitheliza-
tion for healing wound in the metaphase or late
period [21], though it could promote the fibro-
blast proliferation, collagen secretion and
wound vascularization in the early period and
metaphase. We could find that the epithelial
time in the rhEGF group was significantly short-
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er than that in the rhBFGF group. What’s more,
the epithelial layers in the rhEGF group were
more than that in the rhBFGF group or the con-
trol group in the same phase. So, rhEGF played
an important role in closing wound, preventing
infection and reducing scar. Compared to the
control group, the epithelial regeneration com-
pletely would be detected in the rhEGF group. A
complete layer of granulation and cuticle
emerged in the metaphase or late period.

Integrin that is a kind of receptor among the
laminin has a close relationship with rhEGF and
rhBFGF [22, 23]. The largest family of integrin
was composed of B1 sub-unit. As the trans-
membrane protein, integrin B1 worked as not
only a sighal communication pathway, but also
the important connection bridge between cells
and matrix. Integrin 31 was still one of the main
landmarks of the epithelial stem cells. After
integrin B1 combined with the extracellular
matrix, the main biological effects included:
induction fibroblast for transition and prolifera-
tion directly, or stimulation other immunocom-
petent cells for transformation and movement
indirectly. Then more collagen, angiogenic fac-
tors or fibroblast growth factors would be pro-
duced, leading to the growth of capillary and
the contraction of connective tissue [24, 25].
On the other hand, our results showed that pos-
itive cells of the integrin B1 expression mainly
distributed around the basic membrane, where
concentrated the epidermal stem cell. Whether
the epidermal stem cell participated the wound
healing induced by EGF and BFGF [26]? Did it
mean that EGF and BFGF could induce the pro-
liferation of epidermal stem cell through
increasing the expression of integrin 1 in the
therapeutic groups? All of them needed further
studies.

The wound healing of any serious wounds and
burns included the granulation formation and
re-epithelization, it was participated and regu-
lated by a variety of cell growth factors. While
different kinds of cell growth factors had differ-
ent biological effect. Generally, the effective
concentration of growth factor was limited in
the wound. Wound healing would be accelerat-
ed obviously by adding exogenous growth fac-
tor. If it combined with the cell growth factors,
the performance of promoting wound healing
and epithelization would be better. The experi-
ment showed that, although rhEGF and rh3FGF
could promote wound healing, but the empha-

Int J Clin Exp Med 2013;6(8):655-661



rhEGF, rhBFGF and wound healing

sis of healing were different. rh3FGF focused
on the growth of granulation tissue in the early
period and metaphase, while rhEGF focused on
the re-epithelization in the metaphase and late
period. This difference had clinical significance
for rational use of them. When granulation was
urgent needed to fill with the wound in the seri-
ous injuries, the wounds and burns in early or
metaphase, BFGF would be better. If epitheliza-
tion was priority in the moderate injuries or the
late period of wound healing, EGF was recom-
mended. In view of the different wound and dif-
ferent period of wound healing, the application
of different cell growth factors should be con-
siderable. It was helpful to fulfill the biological
effects of cell growth factors and improve the
patients’ quality of life. It could also avoid the
side effects of cell growth factors and improve
the cost performance of them as far as possi-
ble. That is, this experiment provided primary
evidence, but more accurate evidences needed
for further studies.
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