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ABSTRACT

Purpose: To investigate the effect of epidermal growth
factor (EGI) dosage form prepared in polyethylene glycol
4000 (PEG) on titanium implanted oral wounds. Methods:
Five-month-old New Zealand rabbits were divided into three
groups (n=10): in the first group a titanium ring was
implanted in the oral mucosa by incision, in the second group
a titanium (Ti) ring was implanted together with EGF, and in
the third group a titanium ring was implanted with EGF (40
ng) dosage form in PEG. All groups' incision wounds were
closed with two stitches. At the end of the fifth day wound
healing was examined histologically and by means of wound
tear strengths, and the hydroxyproline content of wound)
edges. Results: The wound tissue tear strength value of the
PEG+EGF + Ti group was higher than both that of the
PEG+ Ti group (P<0.05) and that of the Ti group (P=0.01).
The hydroxyproline level of wound tissue in the PEG+EGF+
Ti group was higher than that in the other groups. A
histologic examination of the wounds revealed that epithelial
growth differed between groups. One layer of epithelium was
observed in the PEG+ Ti groups’ wound tissues. It was
noteworthy that the epithelia were multilayer and smooth in
the PEG+EGF+ Ti groups’ wounds. Conclusion: The results
suggest that EGF application in polyethylene glycol to dental
titanium implants augments oral mucosal incision wound,
healing.
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OZET

Amag: Bu ¢alisma epidermal biiyiime faktorii (EGF)niin
polietilen glikol (PEG) 4000 iginde hazirlanan formunun
titanyum yerlegtirilmis- agiz yaralarindaki etkisini saptamak
iizere planlanmistir. Metod: 5 aylik Yeni Zelanda tavsanlart
10 ar deneklik 3 gruba béliindii: ilk grupta agiz kesi yarasina
titanyum halka yerlestirildi, ikinci grupta titanyum halka
polietilen glikol ile , iigiincii grupta titanyum halka iginde
polietilen glikol ile hazirlanan 40 ng.lik epidermal biiyiime
faktorii yerlestirildi. Tiim kesi yaralar: iki dikig ile kapatildi.
Bes giin sonunda yara iyilesmesi histolojik olarak ve yara
yirtilma kuvveti ve hidroksiprolin igerigi bakimindan kontrol
edildi. Sonug: idigiincii grubun yara yirtilma kuvvetine ait
degerler ikinci ve birinci gruptan yitksekti (sirasiyla p<0.05
ve p=0.01). Ugiincii grubun hidroksiprolin degerleri de diger
gruplardan yiiksekti. Histolojik inceleme ¢zellikle epitel
bityiimesinin gruplar arasinda farkli oldugunu gésterdi.
Ikinci grupta tek katli epitel tabakas: izlendi. Ugiincii gruba
ait epitelin ¢ok katli ve diizgiin olmasi dikkat ¢ekiciydi.
Sonuglar  propilen glikol iginde epidermal biiyiime
faktoriiniin dental titanyum implantlara uygulamasimn agiz
mukozal  kesi  yaralarimn iyilesmesini  arttirdigin
diisiindiirmektedir.

Anahtar Kelimeler: EGETi, PEG, Yara lyilesmesi,
Tavsan, Yirtilma Kuvveti.

INTRODUCTION

Titanium (Ti) has received a great deal of
attention from dental researchers and clinicians.
Apart from in the mouth, Ti implants have also
been used in several other parts of the body for
many years (1). It is well known that growth

factors have powerful effects on wound healing
(2,3). These factors control the growth,
differentiation and metabolism of cells (4). The
submandibular gland has been shown to produce
and secrete many biologically active compounds,
including epidermal growth factor (EGF), nerve
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growth factor, kallikrein and renin. Local daily
application of EGF enhances epithelial tissue
growth (2,5) and enhances the accumulation of
granulation  tissue cells, collagen and
glycosaminoglycans in experimental rat wounds
(6). Repeated or prolonged administration of
drugs is necessary for effective therapy (7).
Studies are reported on the use of liposomes,
lipid-surfactant micelles, oil vehicles, emulsions,
microemulsions etc. for this purpose (8). In a
recent study we examined the effects of EGF in
Carbopol 940 gel on skin full-thickness incision
wound healing and observed a negative relation
between the tearing strength and zinc level of the
wound (9). In another study we examined the
effect of EGF in a different volume and a mixture
of Carbopol 940 preparations on corneal wound
healing and observed that carriers act in different
ways on the physiological tissue condition, such
as oxidant status (10,11). There are many studies
on EGF's augmenting effect on wound healing
(12,13); however, there is not enough information
regarding the interaction of EGF with Ti on
wound healing. Using Ti together with EGF may
shorten the adaptation time of implants.

PEG polymers are hydrogels that are used
for tissue adhesion. PEG is bioabsorbable, and its
degradation takes approximately 3 months. One
of the general uses of tissue adhesives is local
delivery of exogenous substances. The delivery
systems proposed recently include medications,
growth factors and cell lines (14).

This study was planned to investigate the
effect of EGF dosage form prepared in PEG 4000
on Ti implanted oral wound healing.

MATERIALS AND METHODS

Thirty adult New Zealand rabbits weighing
2.8 + 0.3 kg were used and were fed pellets and
tap water ad libitum. The mean weight of the Ti
ring was 0.138 g; its thickness was 2 mm and
radius 5 mm. Four flacons of EGF (0.1 mg,
Sigma E7755, from mouse submaxillary gland)
were dissolved in distilled water and mixed with
molten PEG 4000 to give 40 ng of EGF per
subject (15-17). The Ti rings were filled with
EGF+PEG 4000 mixture to form bead shape
dosage forms (0.02 g) and kept in closed ampules
until assayed. The dosage forms were prepared
under aseptic conditions.

Research Protocol: The rabbits were
weighed before the operation. All animal
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experimentation was carried out according to the
ethical rules of "Statements on the Use of
Animals in Biomedical Research and Education”
(Adopted and revised 1996 by The American
Physiological Society). Oral incisions were made
on both sides of the mandibular mucosa between
the incisor and molar regions of all rabbits under
Xylazine (5 mg/kg) + Ketamine (35 mg/kg)
anesthesia. Following the incisions, Ti rings were
localized on both side of the periosteum. Ti rings
were applied to the rabbits in the first group
(n=10, 20 wounds), PEG 4000 within the Ti ring
to the second group (n=10, 20 wounds), and EGF
(40 ng) in PEG 4000 within the Ti ring to the
third group (n=10, 20 wounds). All the wounds
were closed with two silk stitches. Following the
operation all rabbits received a single dose of
400,000 TU procaine penicillin. During the
experimental period the rabbits were fed pellet
chow and tap water ad libitum. On the 4th
postoperative day the rabbits were weighed and
sacrified by an overdose of IV sodium pentothal.
Then 3 mm thick and 8 mm wide tissue strips
were excised to measure wound tissue tear
strength. Tissue samples were taken for
hydroxyproline measurement and histologic
examination.

Measurement of Wound Tear Strength:
Thicknesses of the tissue samples were measured
by millimetric dental probe before measuring
tissue tear strength. In each group ten tissue
samples approximately 3 mm thick and 8 mm
wide were used to measure wound tear strength.
Tissue strips were attached to the ends of a tissue
tear strength apparatus (Fig. 1). The electric
motor of the apparatus applies gradually
increasing power and this power is recorded on
polygraph paper synchronously by a force
displacement transducer (Grass Model 7
polygraph, Grass force displacement transducer
FT 03) (18). When the wound tissue is separated
into two pieces, a peak is recorded by polygraph
(19,20). Then another peak is recorded by
polygraph using one gram standard. Standard and
sample peaks are compared and the results are
divided by tissue area and expressed as g/mm®.

Measurement of Tissue Hydroxyproline
Level: Hydroxyproline levels of seven wound
tissues were measured in each group and the
value was assessed by the Modified Woessner
method (21). The principle of this method is to
measure the optical density of the mixture, which



Fig. 1: Photograph of the apparatus used in tissue tear
strength measurement.

is composed of hydrolyzed wound tissue,
chloramine T, perchloric acid and p-dimethyl
amino benzoaldehyde at 557 nm. A Shimadzu
UV-1208 spectrophotometer was used for the
hydroxyproline assessment.

Histological Examination: After staining
with hematoxylin-eosin, all samples (3 random
samples for each group) were examined under a
BH2 Olympus light microscope.

Data are presented as the mean # S.D.
ANOVA and Mann-Whitney U tests were used in
the statistical analysis of the tear strength and
hydroxyproline results.

RESULTS

Wound  tissue tear strengths and
hydroxyproline ‘levels are shown in Table 1.
According to the results, the tissue tear strength
of the Ti ring implanted group was 0.995+0.170
g/mm?, that of the PEG 4000 treatment in the Ti
ring group was 1.202+ 0.350 g/mm? and that of
the EGF+PEG treatment in Ti ring group was
1.723 £ 0.290 g/mm* We found that tissue tear
strength in the third group was higher than both
that in the second group (P< 0.05) and that in the
first group (P<0.01). The mean hydroxyproline
level was 2.318+ 0.610 mg/g in the Ti ring
implanted group, 2.555+ 0.480 mg/g in the PEG
treatment in the Ti ring group and 3.174+ 0.560
mg/g in the EGF+PEG treatment in the Ti ring
group.

Although we could not observe any

statistically significant difference between the Ti
implanted and PEG treatment in the Ti ring
groups' hydroxyproline levels, the difference
between the EGF+PEG treatment in the Ti ring
group and only Ti ring implanted group's
hydroxyproline level was statistically significant
(P<0.05). A histological examination revealed
that wound healing differed between the groups.
We observed that epithelization was completed,
the epithelial lamina proprial junction was
returned to its normal structure, collagen fibrils
had no bundle formation and were irregular in the
deep and superficial lamina propria incision area
and there was neutrophilic infiltration in the
EGF+PEG treatment in the Ti ring group (Fig.
2a). Epithelization was incomplete in the incision
area, and neovascularization was observed in
superficial lamina propria in the PEG treatment
in the Ti ring group (Fig. 2b). The epithelial-
lamina proprial junction was incomplete, the
bazal membrane did not complete its linear form
in the incision area and there was irregularity of
the collagenous structure and neutrophilic
infiltration in deep and superficial lamina propria
in the Ti ring implanted group (Fig. 2c x200).

It was noteworthy that the epithelium was
similar to unwounded tissue in the EGF+PEG
treatment in the Ti ring group (Fig.2a).

DISCUSSION

Titanium is the most stable surface coating.
Absolute contraindications to placing implants
include abnormal wound healing that would
result in implant failure. The healing of soft tissue
wounds can affect the ultimate success of the
dental implant. The first postoperative
observation is usually scheduled 7 to 10 days
after surgery (22).

Despite the fact that the saliva bathed oral
cavity is constantly exposed to significant
amounts of EGF, the results of salivary gland
hypofunction (SGH) tests on oral wound healing
in experimental rats suggest that SGH patients
undergoing oral surgery may have prolonged
wound healing (23). In animals, salivary EGF has
been shown to affect wound closure, mediated
through licking. Orally administered EGF is
absorbed and delivered to various tissues
(stomach and intestinal lining, lung, liver and
skin) within 30 min of ingestion. Salivary EGF
levels were elevated in patients after oral and
juxtaoral surgery (24).
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Fig. 2: Histologic results from oral mucosal wounds:
Epithelial-lamina  proprial junction (thick arrows),
neutrophylic infiltration in incision area (thin arrows) in the
EGF+PEG treatment in the Ti ring group (x200) (A).
Incomplete epithelization (thick arrows), neovascularization
in the incision area (thin arrows) in the PEG treatment in the
Ti ring group (x200) (B). Epithelial-lamina proprial junction
was not complete, neutrophilic infiltration (thin arrows),
irregular collagenous structure (thick arrows) in the Ti ring
implanted group (x200) (C).
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PEG is a polymer that finds widespread use
in medical and pharmaceutical applications. PEG
treated animals showed reestablishment of the
mesothelial layer and tissue morphology similar
to anormal unoperated tissues. An inherent
property of PEG is that cells do not attach to the
material surface (25). It was demonstrated that
proteins could be released from the hydrogel,
both in vitro and in vivo. As expected, small
proteins (relative to the permeability of hydrogel,
as determined by the molecular mass of the PEG
in the gel) were released by diffusion in the
absence of degradation, whereas larger proteins
were released by diffusion exclusively following
degradation. With this molecular mass PEG
chain, the transition between the two regimes
occurs somewhere between protein molecular
masses of 60,000 and 150,000 Da. Within the
regime of release independently of degradation
(i.e. molecular mass of 60,000 Da or less), the
rate of permeation of the protein through the gel
is inversely and linearly related to the molecular
mass of the protein. EGF has a molecular mass of
6045, and thus can be released bioactively
without statistically significant loss (26).

In this study we planned to use EGF in
submucosal beads in doses higher than in saliva
in the Ti ring and thus tried to schedule the first
postoperative visit in a shorter period. We used
wound tear strength and wound tissue
hydroxyproline level and a histological
examination of wound edges to observe the tissue
regeneration phase of wound healing. The
unstimulated salivary flow rate in rats has been
measured as 0.41 ml/h, which does not include
the amount stimulated by eating. Thus, in a 24 h
period, a minumum of 10 ml of saliva is expected
(21). With the use of these data, the EGF dose
applied to animals in this study was somewhat
greater than the physiological level and five times
in the first day (40 ng/bead), but in total (five
days) the same amount as in other research
studies (3,8-10). According to the results, wound
healing was better in the third group, in which
EGF+PEG 4000 was applied to titanium rings.
Tear strength was increased by EGF treatment
compared to the control groups (Table 1). Tear
strength is an important factor that shows
vigorous wound healing. Incised oral wound
healing usually takes a week. In this study tissue
HP levels and tear strengths were measured on
the Sth day of injury. In this research protocol the



Table-1: The effect of EGF with polyethylene glycol carrier in the Ti ring on the tear strength and hydroxyproline level of the rabbit

oral mucosal wound.

Group
n=10

Wound tear strength (g/mm2)

Hydroxyproline level (mg/g)
n=7

2318+ 0.610a
2.555+0.480 b
3.174+ 0.560 ¢

Ti ring implanted
PEG in Ti ring implanted
EGF+PEG in Ti ring implanted

0995+ 0.170 a
1.202 + 0.350 b
1.723 + 0.290 ¢

Results are expressed as the mean+SE
a-b p~ 0.05, a-c P<0.01, b-c P<0.05 with Mann-Whitney U test

increased tear strength in a shorter period of
healing (5 days) is related to EGF+PEG
application in the Ti ring. Hydroxyproline levels
in this group were also significantly higher than
those in the other groups. Collagen contains large
amounts of proline and hydroxyproline.
Hydroxyproline stabilizes the collagen triple
helix to digestion by proteases, and thus a higher
hydroxyproline level in wound tissue treated with
EGF in PEG 4000 beads is important for
increasing wound strength. Nagelschmidt and
coworkers reported that PEG decreased adhesion
formation on the 3rd, 7th and 2lst days and
collagen deposition into the adhesion strands on
the 7th and 21st days (27). In this study tear
strengths and hydroxyproline levels of wound
tissues were measured on the 4th postoperative
day. There was no difference in the tear strength
and hydroxyproline levels of PEG 4000 in the Ti
ring group compared to the controls. However,
EGF in PEG 4000 in the Ti ring group's tear
strength and hydroxyproline levels of wound
tissues were significantly higher than those of the
other groups. This result is supported by a
histologic examination of wound tissue at the
same period as multilayer, squamous epithelium
in the same EGF+PEG 4000 treated in the Ti ring
group. PEG 4000 seems also to be effective in
wound healing and in supporting EGF effects of
wound healing as also described in
Subrahmanyam’s report (28). In addition, PEG
4000 may prolong the exposure of wound tissues
to EGF.

In conclusion, it is suggested that epidermal
growth factor carried by polyethylene glycol
pellets in dental titanium implants are effective in
accelerating wound healing and in shortening the
adaptation time of the patient to the implant.
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