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ABSTRACT

Various growth factors such as epidermal growth factor (EGF) are effective in wound healing. For this reason, it was
targeted in our study to observe the impact of systematically given EGF on collagen and protein synthesis in hepatic
tissue. Rats to which dorsolateral excisional wound was made were divided into 2 equal groups: 1-Untreated control
group, 2-Systemic EGF applied group. A daily dose of EGF (10 ng/mL) was given to the animals intraperitoneally
(ip) in the application group. Rats were sacrificed in 1st, 5th, 7th and 14th days of the study. Collagen and protein
concentrations in hepatic tissues were measured spectrophotometrically. In consideration of the phases of systemic
EGF application and its comparison with the controls, it was determined that EGF stimulates the synthesis of
collagen up to 7 days and protein up to 5 days in liver and this stimulation stops in the later days and EGF begins to

make pressure on collagen and protein synthesis.
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1. INTRODUCTION

Wound is the degeneration of soft tissues normal
anatomical structure and function [1]. Wound healing is
a cellular and biochemical events process starting with
trauma and resulting with formation of new tissue [2].

Growth factors are effective proteins in wound healing
[3]. EGF is mitogenic for many mesodermal and
ectodermal origin cell properties. lon, glycolysis, RNA
and protein synthesis cause increase in DNA synthesis
of cells [4]. EGF which is a mitogenic polypeptide
begins effecting the wound healing at the end of
inflammation phase and it is known that it induces
formation of fibroblastic and granulation tissues and
stimulation of epithelialization [5,6,7].

Connective tissue provides the shape of cells by filling
the spaces between that and it prevents the tissue losses
in organism [8]. Extracellular macromolecular
intermediate collagen forming the connective tissue is
consistent of collagen, proteoglycan, elastine and
reticuline [2]. Collagen provides the stabilization of
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most of the organ in the body. Collagen fibrils have
different arrangements in each species according to the
different tissues [9,10]. Type | and type Il collagen
plays the role in wound healing [11]. Collagen synthesis
reaches to its highest levels in 5th and 7th days and the
increase continues for 3-4 weeks in thickest wounds.
After four weeks, it gradually decreases and eventually
descends to a level that balances the destruction caused
by collagen [12].

They also make the collagen synthesis in the structure
of glycoprotein with the synthesis of temporary main
substance components such as fibroblasts reaching the
area of the wound, elastin, fibronectin and
glycosaminoglycan having importance in wound's
formation and proteases such as collagenase synthesis
[13,14,15].

Fibroblasts are seen in the 3rd - 4th days after injury
[14,16-20] and they reach to the highest level in the 7th
days [16,21] and they remain active in the wound until
the 15th - 21st days [14]. Fibroblasts are the main
elements of healing process and they are responsible of
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the production of structural proteins used in
reproduction of the tissues [16].

In accordance with all of this information, the changes
occurring in collagen and protein levels synthesized
from the hepatic tissue due to EGF applied systemically
during physiologic wound healing process.

2. EXPERIMENTALS
2.1. Animals and treatment

In experiments, totally 48 male rats (Wistar Albino)
which are 200-250 g in weigh and provided by Gazi
University  Laboratory ~ Animal  Rearing  and
Experimental Research Center (GUDAM) were used.
Experimental animals were divided into two groups as
Control and Systemic EGF applied group and each
group was divided into 4 sub-groups as 1, 5, 7 and 14
days. For providing the postoperative analgesia,
pharmacological agent paracetamol was applied as 2
mg/mL into the fresh water. Rats were fed with free
feed and water during the experiment. A daily dose of
EGF (10 ng/mL) was given ip to the animals in the
application group. The rats were sacrificed by taking
blood from their hearts under anesthesia in 1st, 5th, 7th
and 14th days of the experiment.

3. RESULTS

The study's collagen and protein levels are given in Table 1.

Tablel: Hepatic tissue collagen and protein levels

2.2. Creation of the wound model

As general anesthesia, ketamine and xylazine were
injected to the animals. Dorsolateral excisional wounds
of 2 cm were made on both sides of the animal's dorsal
medulla spinal. The wound lips were adapted with 2
sutures after excisional wound. The EGF serum to be
applied following the injury was given to the animals ip
as 1 dose in one day (10 ng/mL).

2.3. Determination of proteins in the tissue

The protein concentration in tissues was determined
with Lowry method [22].

2.4. Determination of collagen in the tissue

The concentration of collagen in tissues was determined
according to the modified Lowry method [23].

2.5 Statistical analysis

Mann-Whitney U test was used in evaluating the
findings. All values were given with arithmetic mean +
standard deviation and p <0.05 value was considered
statistically significant.

Collagen (mg/qg tissue) Protein (mg/g tissue)

Control group 44,900 +2.869 26.400 + 4.889
1 day wound
Systemic EGF applied group 54766 +4.182*° 36.166 + 4.628°
Control group 50.833 +2.687 24.267 +5.001
5 day wound
Systemic EGF applied group 58.917+3.143° 33.183 +3.000°
Control group 50.267 +2.959 28.917 £2.502
7 day wound
Systemic EGF applied group 58.800 +4.292 23.267 +2.248 4
Control group 65.450 +3.399 ¢ 29.000 + 1.553
14 day wound
Systemic EGF applied group 56.466 + 2.602 ¢ 24.383 + 1.696 ¢

P< 0,05; when compared with the same values of 1-day
incision wound group

bp< 0,05; when compared with the same values of 1-day
incision + EGF applied group
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°P< 0,05; when compared with the same values of 5-day
incision wound group

dp< 0,05: when compared with the same values of 5-day
incision + EGF applied group

*P< 0,05; when compared with the same values of 7-day
incision wound group

P< 0,05; when compared with the same values of 7-day
incision + EGF applied group

9P< 0,05; when compared with the same values of 14-
day incision wound group

When Control 1 day wound (Control 1) and Systemic
EGF applied 1 day wound (IP 1) were compared;
systemically applied EGF caused an increase in
collagen and protein values from the first day. When
Control 1 and Control 14 groups were compared; it can
be said that the healing of wound was completed in the
14th day. When Control 14 group was compared with
Control 5 and Control 7 groups; it was seen that
synthesis of collagen increased in Control 14. When
Control 5 and IP 5 groups were compared; it was seen
that the amount of collagen increased in IP 5 and in
parallel, the amount of protein increased. When Control
7 and IP 7 groups were compared; it was seen that the
value of collagen in IP 7 increased when the value of
protein decreased. When Control 14 and IP 14 groups
were compared; it was seen that the amount of collagen
decreased in IP 14 and in parallel, the amount of protein
decreased. When IP 1 and IP 7 groups were compared;
it was seen that the value of protein decreased in IP 7.
When IP 1 and IP 14 groups were compared; it was
seen that the value of protein decreased in IP 14.

4. DISCUSSION

Recently, in the studies made both in the general
medical field and in oral surgery, it has been shown that
the EGF has a positive impact on wound healing
[24,25,26,27].

In our study, the role of liver tissue in the process of
wound healing was shown and the collagen synthesis
increased in 1st, 5th and 7th days in groups applied with
systemic EGF.

In compliance with our findings, Tettamanti and his
colleagues, recorded that the activity of fibroblasts were
controlled by EGF and the collagen synthesized by
fibroblasts had the main role in formation of the new
blood vessels during wound healing [28]. Laato and
colleagues showed that the wound healing and collagen
production stimulated by EGF was bound to the
fibroblast proliferation [29]. As result of the studies
made by Babul and his colleagues, it was recorded that
EGF accelerates wound healing [30]. In the studies
made by Erbas and his colleagues to show the
accelerant effects of EGF in wound healing, it was
shown that EGF increases the serum zinc level [31].
Celebi and colleagues mentioned that EGF has positive
effect in wound healing with the studies that made in
mice wound [32]. This information seem to support our
studies.

As result of the fact that EGF has mitogenic activity on
corneal endothelial cells, fibroblasts, cells that support
the nervous system tissue [33,34], its inhibiting effect
on gastric acid secretion [33,35] and its effects on the
development of embryo and the creation of new blood
vessels, intensive studies were made on wound healing.
It is also known that it increases wound tension force in
animal models [36]. In the studies made for
implementation of EGF as in systemic way which is
similar to our study, it was reported that EGF
accelerates the wound healing by stimulating the new
vessel formation and the creation of epitelisation and
granulation [8,37-39]. Turkyilmaz and colleagues have
reported that the topic application of EGF accelerates
the healing of wound [40]. Cellini and colleagues
applied a commercial preparation containing the EGF to
the patients with herpetic corneal ulcer and it was seen
that EGF accelerates the recovery of this disease [41].
Most of the studies for the development of the face
were made on rats and mice. The results taken from
these studies showed that EGF stimulates the synthesis
of DNA increasing the number of cells with phenotypes
in stomach organ epithelium [42,43,44].

As a result of the studies, it was seen that EGF is
effective on the healing of wounds in ocular and dermal
gastrointestinal areas and reduces the duration of
recovery [41]. Amberger mentioned that EGF is
effective on angiogenesis [45,46]. This information
seem to support our studies.

The protein synthesis increased in 1st and 5th days in
groups applied with systemic EGF.

EGF is mitogenic for many mesodermal and ectodermal
origin cell properties and it is known that it causes
increase in ion, glycolysis, RNA and protein synthesis,
DNA synthesis of cells [4].

In rats which are applied with systemic EGF, it was
seen that collagen reduced after 7 days and decrease in
the amount of protein was seen after 5 days. EGF
increases collagen and protein synthesis in liver in low
concentrations while it made pressure on the
aforementioned synthesis in high concentrations. Kim
and colleagues reported that EGF suppresses the
inflammation reaction, reduces the expiration of TGF-
beta and increases collagen formation to reduce injuries
of the skin [47].

As a result, in consideration of the phases of systemic
EGF application and its comparison with the controls, it
was determined that EGF stimulates the synthesis of
collagen up to 7 days and protein up to 5 days in liver
and this stimulation stops in the later days and EGF
begins to make pressure on collagen and protein
synthesis.

CONFLICT OF INTEREST
No conflict of interest was declared by the authors.
REFERENCES

[1] Diegelmann, R.F. and Evans, M.C., ““Wound
healing: an overview of acute, fibrotic and delayed
healing’’, Front. Biosci., 9: 283-289, (2004).



178 GU J Sci, 28(2):175-179 (2015)/ Barbaros BALABANLI, Sule CEVHER, Fatma KUCUK

[2] Engin, A., Yara lyilesmesi: Temel Cerrahi, Sayek,
I. (ed.), Giines Kitabevi, Ankara, 266-277, (2004).

[3] Steed, D.L., ““Modifiying the wound healing
response with exogenous growth factors’’, Clin.
Plas. Surg., 25: 397-405, (1998).

[4] Goniil, B., Giivendik, G., Erbas, D., Yanigoglu, L.,
“‘Denerve farelerde epidermal biiyiime faktoriiniin
serum ¢inko diizeylerine etkisi’’, Ankara Ecz. Fak.
Der., 18: 1-7, (1988).

[5] Cohen, S., ““The epidermal growth factor (EGF)”’,
Cancer, 51: 1787- 1791, (1983).

[6] Erbas, D., Oygiir, T. and Anil, A., ‘‘Submandibuler
bez ekstresinin yara iyilesmesine olan etkisi’’,
G.U. Dishek. Fak. Derg., 5(2): 139-147, (1988).

[71 Simsek, M.B., “‘Farkli formlardaki epidermci
biiyime faktoriiniin yara iyilesmesi {lizerine
etkisinin  histopatolojik olarak aragtirilmasi’’,
Doktora Tezi, Gazi Universitesi Saglik Bilimleri
Enstitiisii, Ankara, 23-42, (1998).

[8] Wingren, U., Franzen, L., Larson, G.M., Malcherek,
P. and Schultz, G.S., ‘‘Epidermal growth factor
accelerates connective tissue wound healing in the
perforaled rat mesentary’’, J. Surg. Res., 53(1): 48-
54, (1992).

[9] Saglam, M., Bag dokusu, Genel Histoloji 3 iincii
baski, Emel Yayincilik, Ankara, 127-151, (1987).

[10] Gozikara, E.M., Biyokimya, Nobel Tip
Kitabevleri, Ankara, 152-171, (2001).

[11] Brunicardi, F.C., Andersen, D. A,, Billiar, T.R.,
Dunn, D. L., Hunter, J.G., Matthews, J.B.,
Pollock, R.E. and Schwartz, LS., ‘‘Wound
healing’’, Schwartz’s Principles of Surgery, The
McGraw-Hill Companies, 310-325, (2005).

[12] Calvin, M., ‘Cutaneous wound healing’’, Wounds,
1: 12-32, (1998).

[13] Rigler, D.J., Inflamation and Repair 6 th ed., (ed.)
Jones, T.C., Hunt, R.D., King, N.W., Veterinary
Pathology, Pennsylvania, 150-157, (1997).

[14] Stashak, T.S., ‘‘Principles of wound healing”’,
Equine Wound Management, Pennsylvania, 1-
15, (1991).

[15] Deodhar, AK. and Rana, R.E., ‘‘Surgical
physiology of wound healing: a review”’, J.
Postgrad. Med., 43(2): 52-56, (1997).

[16] Regan, M.C. and Barbul, A., “‘The cellular biology
of wound healing’’, Schlag, G., Redl, H. (Ed.),
Wound Healing, Germany, 1: 3-17, (1994).

[17] Heinze, C.D. and Clem, M.F., Wound healing and
tissue repair 2 nd ed., Oehme, F.W., Textbook of
Large Animal Surgery, USA, 141-153, (1988).

[18] Swaim, S.F. and Henderson, R.A., ‘‘Wound
healing’’, Small Animal Wound Management,
Pennsylvania, 1-8, (1990).

[19] Hedlund, C.S., Surgey of the Integumentary
System 2 nd ed., Small Animal Surgery,
Fossum, T.W. (Ed.), China, 134-137, (2002).

[20] Theoret, C.L., ‘“Update on wound repair’’, Clin.
Tech. Equin. Pract., 3: 110-122, (2004).

[21] Broughton, G., Janis, J.E. and Attinger, C.E.,
““Wound healing: an overview’’, Plast. Reconstr.
Surg., 117: 1-32, (2006).

[22] Lowry, O.H., ‘Protein measurement with the folin
phenol reagent”’, J. Biol. Chem., 183: 265-275,
(1951).

[23] Komsa-Penkova, R., Spirova, R. and Bechev, B.,
“Modification of Lowry’s method for collagen
concentration measurement”’, Biochem. Biophys.
Method., 32(1): 33-43, (1996).

[24] Fisher, D.A. and Laksmanan, J., ‘‘Metabolism and
affects of epidermal growth factor and related
growth factors in mammals’’, Endoc. Rev., 11(3):
418-422, (1990).

[25] Dijke, P. and Iwata, K.K., ‘“Growth factors for
wound healing’’, Nature Biotecnology, 7: 793-
798, (1989).

[26] Bhora, F.Y., Dunkin, B.J., Batzri, S., Aly, H.M.,
Bass, B.L., Sidaway, A.N. and Harmon, J.W.,
““Effect of growth factors on celi proliferation
and epithelization in human skin’’, J. Res. Surg.,
59(2): 236-244, (1995).

[27] Ekmekgi, A. and Erbas, D., ‘‘Kanserin molekiiler
mekanizmasi. onkojenler ve biiylime faktorleri’’,
72 TDFD, Ankara, 45-78, (1991).

[28] Tettamanti, G., Grimaldi, A., Rinaldi, L.,
Arnaboldi, F., Congiu, T., Valvassori, R. and
Eguiler, M., “‘The multifunctional role of
fibroblasts during wound healing in Hirudo
medicinalis (Annelida, Hirudinea)’’, Biol. Cell.,
96(6): 443-455, (2004).

[29] Laato, M., Kahari, V.M., Niinikoski, J. and Vuorio,
E., ““Epidermal growth factor increases collagen
production in granulation tissue by stimulation
of fibroblast proliferation and not by activation
of procollagen genes’’, Biochem. J., 247(2):
385-388, (1987).

[30] Babiil, A., Géniil, B., Ozogul, C., Dinger, S.,
Erdogan, D., Pmar, L. and Celebi, N., ““EGF
accelerates mice skin wound healing’’, Pharm.
Technol. Symp. (IPTS-96), Ankara, 9-11,
(1996).



GU J Sci, 28(2):175-179 (2015)/ Barbaros BALABANLI, Sule CEVHER, Fatma KUCUK 179

[31] Erbag, D., Giivendik, G., Gonil, B.,
““‘Submandibular bez ekstrelerinin serum ¢inko
diizeylerine etkileri’’, Ankara Ecz. Fak. Derg.,
17(1): 11-17, (1987).

[32] Celebi, N., Erden, N., Goéniil, B. and Koz, M.,
““Effects of epidermal growth factor dosage
forms on dermal wound strength in mice’’, J.
Pharm. Pharmacol., 46: 386-387, (1994).

[33] Yeler, H., Yiicetas, S., Yilmaz, D., Oztiirk, M.,
Aricy, S., “‘Epidermal biiylime faktorii (EGF)’ niin
dis ¢ekim tarasi iizerine etkisinin incelenmesi’’,
Cumbhuriyet Universitesi Dis Hekimligi Fakiiltesi
Dergisi, 2(1): 25-31, (1999).

[34] Klegerman, M.E. and Plotnikoff. N.P., ‘‘Proteins
as biological response modifiers in Klegerman’’,
Groves, M.J. (Ed.), Pharmaceutical Biotecnology
Interpharm, USA, 89-102, (1992).

[35] Konturek, S.J., Dembinski, A., Vvarzecha, Z.,
Brzozovvski, T. and Gregor, H., ‘‘Role of
epidermal growth factor in healing of chronic
gastroduedonal ulcers in rats’’, Gastroenterology,
94: 1300-1307, (1988).

[36] Laato, M., Niinikoshi, J., Gerdin, B. and Lebel, L.,
““Stimulation of wound healing by epidermal
grown factor’’, Ann. Surg. J., 203(14): 379-381,
(1986).

[37] Patt, L.M. and Houck, J.C., “‘Role of polypeptide
growth factors in normal and abnormal growth”’,
Kidney Jnt., 23: 610-615, (1990).

[38] Yerushalmi, N., Arad, A. and Margalit, R.,
“Molecular and cellular studies of hyaluronic
acid-modified liposomes as bioadhesive carriers
for topical drug delivery in wound healing”’,
Arch. Biochem. Biophys., 313(2): 267-273,
(1994).

[39] Palanga, V., Eagstein, W.H.H., Bucalo, B., Harris,
B. and Carson, P., ‘“Topical use of human
recombinant epidermal growth factor (h-egf) in
venouk ulcers’’, J. Dermatol. Surg. Oncol., 18(7):
604-606, (1992).

[40] Tirkyilmaz, A., Celebi, N., Goniil, B., <‘Epidermal
biiyiime faktorii (EGF)’niin yara iyilesmesindeki
rolii”’, FABAD J. Pharm. Sci., 21:61-69, (1996).

[41] Cellini, M., Baldi, A., Camarazza, N., De Fellici,
G.P. and Gazzaniga, A., ‘‘Epidermal growth
factor in the topical treatment of herpetic corneal
ulcers’’, Ophthalmological, 208: 37-40, (1994).

[42] Carpenter, G. and Cohen, S., ‘‘Epidermal growth
factor’’, Ann. Rev. Biochem., 48: 193-216,
(1979).

[43] Ural, M., Kogak, A., Aksoy, A., ““Yiiz ve ¢ene
gelisimine etki eden faktorler’”’, S.D.U. Dis

Hekimligi Fakiiltesi Dergisi, 14(1): 41-44,
(2007).

[44] Hu, C.C., Sakakura, Y., Sasano, Y., Shum, L.,
Bringas, P. Jr., Werb 2, Slaukin, H.C,
““Endogenous epidermal growth factor regulates
the timing and pattern of embriyonic mouse
molar toothmorphogenesis”’, Int. J. Dev. Biol.,
36(4): 505-516, (1992).

[45] Murray, R.K., Granner, D.K., Mayes, P.A. and
Rodwell, W.W., Hiicre Disi1 Yatak, Harper’in
Biyokimyasi, Nobel Tip Kitabevi, Istanbul, 695-
700, (2004).

[46] Gope, R., ““The effects of epidermal growth factor
and plateled derived growth factors on wound
healing process”’, Indian J. Med. Res., 116: 201-
206, (2002).

[47] Kim, Y.S., Lew, D.H., Tark, K.C., Rah, D.K. and
Hong, J.P., “‘Effect of recombinant human
epidermal growth factor against cutaneous scar
formation in  murine full-thickness wound
healing’’, J. Korean Med. Sci., 25(4): 598-596,
(2010).



