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Summary
Extensive clinical and laboratory studies have demonstrated
epidermal growth factor (EGF) to play an essential role in the
regeneration and healing of epithelial surfaces, including respiratory, gastrointestinal and genitourinary tracts.
In this study, we evaluated the effects of supplemental EGF on
urethral healing using a rabbit preparation.
Twenty New Zealand White rabbits were separated into three
groups. In group 1 longitudinal urethrotomy and urethral repair were performed (n=8). In group 2 urethrotomy and urethral
repair were performed as in group 1 and gelatin gel patches
(1.2 x 0.5 x 0.1 cm) were placed between the repaired urethra
and the skin (n=6). In group 3 gel patches containing 10 µg
EGF were placed as in group 2 (n=6). Three weeks after surgery all rabbits were examined under anesthesia in order to determine macroscopic urethral fistulae, and the penis was harvested en bloc for histological examination.
There was evidence of macroscopic fistulae formation in only
one animal in group 3. Histological evaluation revealed no statistically significant difference between the groups (p>0.05).
Despite literature suggesting beneficial effects of EGF on wound healing, we found no beneficial effects of EGF on urethral
healing.
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Özet
Epidermal growth faktörün (EGF) solunum, sindirim ve ürogenital sistem gibi epidermal yüzeyler içeren alanlar üzerindeki
yenileyici ve yara iyileﬂtirici özellikleri yap›lan klinik ve deneysel çal›ﬂmalar ile gösterilmiﬂtir.
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Çal›ﬂmam›zda, haz›rlad›¤›m›z tavﬂan modeli üzerinde EGF’nin
üretra iyileﬂmesi üzerindeki olas› etkilerini araﬂt›rd›k.
Toplam 20 Yeni Zelanda tipi, beyaz, eriﬂkin, erkek tavﬂan 3
gruba ayr›ld›. Birinci gruba uzunlamas›na üretra kesisi yap›larak onar›ld› (n=8). ‹kinci gruba üretra kesisi ve üretral onar›m
ard›ndan jelatin yap›s›nda, 1.2x0.5x0.1 cm boyutlar›ndaki yama üretra ile cilt kesisi aras›na yerleﬂtirildi (n=6). Üçüncü gruba, 10 µg EGF içeren yamalar grup 2 de tarif edildi¤i gibi üretra onar›m› sonras› tatbik edildi (n=6). Operasyonlardan 3
hafta sonra tavﬂanlar anestezi alt›nda makroskopik fistül aç›s›ndan de¤erlendirildikten sonra, bir bütün halinde ç›kart›lan
penis dokular› histolojik olarak de¤erlendirildi.
Grup 3 de bir adet makroskopik fistül saptan›rken, histolojik
de¤erlendirmelere göre gruplar aras›nda anlaml› bir fark yoktu.
,
EGF ün yara iyileﬂmesi üzerinde olumlu etkileri oldu¤unu belirten bir çok yay›na ra¤men, biz çal›ﬂmam›zda üretra iyileﬂme,
si üzerinde EGF in olumlu etkisini gösteremedik.
Anahtar Kelimeler : Üretra iyileﬂmesi, epidermal growth faktör, yara iyileﬂmesi, tavﬂan.
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INTRODUCTION
Normal wound healing consists of a cascade of cellular and biochemical events. The process is usually
divided into three phases: the inflammatory phase,
the proliferative phase and the remodeling phase1,2.
Growth factors control the growth, differentiation
and metabolism of cells during each of these three
phases. Among the growth factors involved are
transforming growth factor alpha (TGF-α), transforming growth factor beta (TGF-β), platelet-derived
growth factor (PDGF), fibroblast growth factor
(FGF), epidermal growth factor (EGF) and insulin-like growth factor (IGF)3.
EGF, a 6000 Da-molecular weight polypeptide composed of 53 amino acids, is released from platelets
and keratinocytes, and stimulates mitogenic activity
of keratinocytes, endothelial cells and fibroblasts3,4.
The effects of EGF on target cells are mediated via
the EGF receptor (EGFR) molecule on the plasma
membrane5.
In human tissue, EGF is found in the skin and its appendages, the kidney, prostate and male genital
tract. Large amounts are also excreted into human
urine6-9. Similarly, the EGFR has been demonstrated
in the human prostate, phallic skin, and rabbit prostatic urethra by both biochemical and immunohistochemical methods9-12.
Common complications of urethral surgery, such as
fistula, diverticula and stricture, can be influenced
by suture materials and/or urethral closing techniques13. Many techniques have been developed to
decrease the risk of fistula, including meticulous tissue handling and suturing, avoidance of overlying
suture lines, and the use of flaps of denuded epithelium, distal spongiosum or tunica vaginalis as a coverage layer14,15. However, none of these techniques are effective universally or available in each case.
Futhermore, el-Galley et al. found deficiencies of
EGF in the skin adjacent to hypospadias defects
when compared to normal phallic skin. This may be
related to the etiology of hypospadias and may help
explain wound complication following surgery for
hypospadias12.
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EGF has been shown to play an essential role in the
regeneration and healing of epithelial surfaces, including respiratory and corneal, and gastrointestinal
and genitourinary tracts16-22. A study showing the
positive effects of EGF in ureteroureteral anastomosis23 and wound healing and conclusions reached
about surgical complications in hypospadias cases
that may be the result of low EGF levels led us to
evaluate the effects of EGF in urethral healing.
Gelatin was chosen as the porous soft layer material
since in practice it is more convenient than collagen
and is known to have no antigenicity while collagen
expresses some in physiological conditions. Gelatin
is also far more economical than collagen24.
In this study, we evaluated the effects of supplemental EGF on urethral healing using a rabbit preparation.

MATERIALS and METHODS
The protocol for the study was approved by the Ethical Committee of Abant Izzet Baysal University
Medical School of Duzce.
Materials: EGF (mouse epidermal growth factor)
was purchased from Serotec (England), gelatin was
obtained from Teknik Ecza (Turkey), and glycerine
was obtained from Merck (Germany).
Preparation of gelatin-based gels: 17% gelatin was
dispersed in aqueous glycerol solution, and stirred
on a waterbath at 40°C until homogenization. EGF
was incorporated into gel formulation (pH=7.4), poured into molds and immediately refrigerated at
4°C until usage. Solidified gels were divided into 1.2
x 0.5 x 0.1 cm parts, each containing 10 µg of EGF.
Gels were exposed to UV for 1 h prior to in vivo
applications to achieve sterilization24.
Surgical procedure: Adult New Zealand male rabbits ranging in weight from 2.5 kg to 3.2 kg were caged individually with free access to standard laboratory chow and tap water. The rabbits were anesthe-
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tized with a mixture of ketamine hydrochloride (50
mg/kg) and xylazine (10 mg/ kg) IM.

pic urethral fistula using retrograde saline injection
under pressure.

Using sterile technique, the urethra was catheterized
with an 8F feeding tube, the cavernous (pendulous)
urethra was exposed through a ventral midline, penile skin incision (1.3 cm.) and mobilized from the
corpora cavernosa. Longitudinal urethrotomy (1
cm) was performed. Urethra was then reclosed with
running 7-0 polyglactin sutures and the skin with
running 4-0 polyglactin sutures. The feeding tube
was fixed to the meatus with 3-0 silk sutures and
shortened so that only 1 cm was visible. Operations
were performed with the aid of microsurgical loupes (2.5 X magnification).

Histological examination: Animals were euthanized
after testing using pentobarbital. The penis was harvested en bloc, and longitudinal sections were made
through the area of interest. Specimens were fixed in
10% buffered formalin for at least 24 h. After dehydration in graded ethanol solutions, the specimens
were embedded in paraffin, sectioned (4 µm), and
stained with hematoxylin and eosin (H&E) and Gomori’s trichrome. The sections were reviewed by a
histologist unaware of the surgical technique used.
Parameters assessed consisted of acute and chronic
inflammation, fibrosis, squamous metaplasia, foreign body giant cells and subepithelial nests. Each parameter was scored from 0 (none evident) to 4+ (severe) (Table 1).

The rabbits were then divided into three groups. In
group 1, urethrotomy and urethral repair were performed as described (n=8). In group 2, urethrotomy
and urethral repair were performed as in group 1
and gelatin gel patches (1.2x0.5x0.1 cm) were placed
between repaired urethra and the skin (n=6). In group 3, gel patches containing EGF were placed as in
group 2 (n=6).
The rabbits received enrofloxacin (Bayril, Bayer
Corp.) intraoperatively (11.35 mg IV) and twice a
day orally until catheter removal at day 7.
All animals were examined under anesthesia on day
21 in order to determine the presence of a macrosco-

Groups were compared using Kruskal-Wallis and
Mann-Whitney U tests. A p value of <0.05 was considered significant.

RESULTS
Rabbits tolerated the surgical procedure well and tolerated standard food by the morning of postoperative day 1. Animals had no problems with urination
and wound dehiscence after the operation. There
was evidence of macroscopic fistulae formation in
only one animal in group 3.

Table 1. Parameters assessed in the histological evaluation of urethral healing

0
+
++
+++
++++

Acute
inflammation
(Increase of
neutrophil
number in
subepithelial
area)
none
low
mild
moderate
severe

Chronic
inflammation
(Increase of
lymphocyte
number in
subepithelial
area)
none
low
mild
moderate
severe

Fibrosis

(Increase of
collagen
fibers in
subepithelial
area)
none
low
mild
moderate
severe

Squamous
metaplasia

Foreign body Subepithelial
giant cells
nests
(Epithelial cells
surrounding foci
of persistent
suture material)

none
existent
-

none
existent
-

none
low
mild
moderate
severe
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Rabbits in all groups had varying degrees of acute
and chronic inflammation, foreign body giant cell
formation, squamous metaplasia, fibrosis and subepithelial nests (Figs. 1, 2, 3). Histological evaluation
revealed no statistically significant difference between the groups (p>0.05) (Table 2).

Figure 3. Urethral epithelium (e), acute inflammation (i) and fibrosis (f) (H&E, X400).
DISCUSSION

Figure 1. Acute inflammation (i), subepithelial nest (n) and mild
fibrosis (f) in urethra (H&E, X100).

Figure 2. Urethral epithelium (e) and

subepithelial nest (n)

(H&E, X40).

We found that EGF supplementation with gels had
no significant beneficial effect on urethral healing in
this preparation. Control animals had no fistulae,
and histological signs of inflammation were not prominent in any group.
We believe that our preparation was suboptimal for
evaluating the effect of EGF supplementation. Because our control animals had no fistulae, it is clear
that the EGF- supplemented group could not show
better results. In other preparations, controls did not
do as well25. Fistulae were observed, as well as supepithelial nests, inflammation, fibrosis, squamous
metaplasia, and foreign body giant cells. Clearly a
better preparation to evaluate the beneficial effects
of EGF would require more severe injury, less care-

Table 2. Histologic evaluation of urethral healing
Acute
inflammation

Chronic
inflammation

Fibrosis

Squamous
metaplasia

Foreign body
giant cells

Subepithelial
nests

Group 1
(mean±SE)

2.125±0.40

1.75±0.45

2±0.45

0.125±0.13

0.125±0.13

2.625±0.38

Group 2
(mean±SE)

1.333±0.21

1.667±0.42

3±0

0±0

0.333±0.21

3±0.37

Group 3
(mean±SE)

2±0.52

1.5±0.22

2.333±0.42

0.333±0.21

0.5±0.34

2.167±0.17
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ful suturing, shorter periods of catheterization, and
different suture material, or a combination of the
above. Furthermore, our preparation may not be a
good model to investigate healing after repair of
hypospadias. In the urethral wounds we created,
EGF was normal, whereas in hypospadias, EGF may
be insufficient.
We could not demonstrate any benefit of EGF supplementation in our preparation. This may be the result of excellent healing in controls or because EGF
plays a rather menial role in urethral healing. This is
unlikely, however, considering the beneficial effects
seen in studies of EGF on healing of ureteroureteral
anastomosis, wounds, corneal wounds, esophageal
corrosive burns and gastric ulcers23, 26-30.
Another reason EGF was ineffective in our preparation could have been related to dosing. We used gelatin gels containing 10 µg EGF. This dosage lasts
only a few hours in the wound. Perhaps a larger or
longer-lasting dosage would have been more effective. On the other hand, excessive use of growth factors have the potential to lead to complications such
as excessive scar formation and, theoretically, malignant transformation31.
Finally, we applied EGF in the wound. A better delivery system might be application directly on to the
epithelium, i.e. the first layer of healing. This could
be done using a urethral catheter that releases EGF
directly on to the epithelial surface of the urethral
wound, thereby benefiting epithelial regeneration at
the wound surface without triggering epithelial regeneration in the deep layers of the wound leading
to the formation of subepithelial nests and fistula
formation.
In conclusion, despite literature suggesting beneficial effects of EGF on wound healing, we found no beneficial effects using our animal preparation. On the
other hand, the evidence from previous studies would suggest that EGF supplementation may be beneficial if tested with other preparations and/or with
other delivery systems.

REFERENCES
1. Lee RC, Doong H. Control of matrix production during tissue repair, Andersen D (ed), Advances in Wound Healing and Tissue Repair. Master Series in Surgery, World Medical Press, New York, 1-25, 1993.
2. Clark RAF. Wound repair: overview and general
considerations, Clark RAF (ed), The Molecular and
Cellular Biology of Wound Repair, Plenum Press,
New York, 3-50, 1996.
3. Steed DL. The role of growth factors in wound healing, Surg. Clin. North. Am., 77, 575-586, 1997.
4. Cohen S. The epidermal growth factor (EGF), Cancer, 51, 1787-1791, 1983.
5. James R, Bradshaw RA. Polypeptide growth factors,
Annu. Rev. Biochem., 53, 259-292, 1984.
6. Kasselberg AG, Orht DN, Gray ME, Stahlman MT.
Immunocytochemical localization of human epidermal growth factor/urogastrone in several human tissues, J. Histochem. Cytochem., 33, 315-321, 1985.
7. Damjanov I, Mildner B, Knowles BB. Immunohistochemical localization of epidermal growth factor receptor in normal human tissues. J. Lab. Invest., 55,
588-592, 1986.
8. Gullick WJ, Hughes CM, Mellon K, Neal DE, Lemoine NR. Immunohistochemical detection of epidermal growth factor receptor in paraffin embedded human tissues, J. Pathol., 164, 285-289, 1991.
9. Maddy SQ, Chisholm GD, Hawkins RA, Habib FK.
Localization of epidermal growth factor receptors in
the human prostate by biochemical and immunocytochemical methods, J. Endocrinol., 113, 147-153,
1987.
10. Ibrahim GK, Kerns BJ, MacDonald JA, Ibrahim SN,
Kinney RB, Humphrey PA, Robertson CN. Differential immunoreactivity of epidermal growth factor receptor in benign, hyperplastic, and malignant prostatic tissues, J. Urol., 149, 170-173, 1993.
11. Bodker A, Balslev E, Iversen HG, Meyhoff HH, Andersson KE. The expression of receptors for estrogen
and epithelial growth factor in the male rabbit prostate and prostatic urethra following castration,
Scand. J. Urol. Nephrol., 31, 15-18, 1997.
12. el-Galley RE, Smith E, Cohen C, Petros JA, Woodard
J, Galloway NT. Epidermal growth factor (EGF) and
EGF receptor in hypospadias, Br. J. Urol., 79, 116-119,
1997.
13. Ulman I, Erikci V, Avanoglu A, Gokdemir A.The effect of suturing technique and material on complication rate following hypospadias repair, Eur. J. Pediatr. Surg., 7, 156-157, 1997.

75

A¤artan, Aktu¤, Güven, Demir, Öner, Çam
14. Yerkes EB, Adams MC, Miller DA, Pope JC 4th, Rink
RC, Brock JW 3rd. Y-to-I wrap: use of distal spongiosum for hypospadias repai,. J. Urol., 163, 1536-1538,
2000.
15. Snow BW. Use of tunica vaginalis to prevent fistulas
in hypospadias surgery, J. Urol., 136, 861-863, 1986.
16. Stahlman MT, Orth DN, Gray ME. Immunohistochemical localization of epidermal growth factor in developing respiratory system and in acute and chronic lung disease in the neonate, Lab. Invest., 60, 539547, 1989.
17. Goetzman BW, Read LC, Plopper CG, Tarantal AF,
George-Nascimento C, Merritt TA, Whitsett JA,
Styne D. Prenatal exposure to epidermal growth factor attenuates respiratory distress syndrome in rhesus infants, Pediatric. Res., 35, 30-36, 1994.
18. Barrow RE, Wang CZ, Evans MJ, Herndon DN.
Growth factors accelerate epithelial repair in sheep
trachea, Lung, 171, 335-344, 1993.
19. Petschow BW, Carter DL, Hutton GD. Influence of
orally administered growth factor on normal and damaged intestinal mucosa in rats, J. Pediatr. Gastroenterol. Nutr., 17, 49-58, 1993.
20. LeGrand EK, Burke JF, Costa DE, Kiorpes TC. Dose
responsive effects of PDGF BB, PDGF AA, EGF, and
bFGF on granulation tissue in a guinea pig partial
thickness skin excision model, Growth Factors, 8,
307-314, 1993.
21. Beaubien J, Biosjoly HM, Gagnon P, Guidoin R. Mechanical properties of rabbit cornea during wound
healing after treatment with epidermal growth factor, Can. J. Ophthalmol., 29, 61-65, 1994.
22. Falanga V, Eaglstein WH, Bucalo B, Katz MH, Harris
B, Carson P. Topical use of human recombinant epidermal growth factor (h-EGF) in venous ulcers, J.
Dermatol. Surg. Oncol., 18, 604-606, 1992.
23. Turk TM, Koleski FC, Wojcik E, Jahoda A, Albala
DM. Use of epidermal growth factor and collagen

76

synthesis inhibition as adjuvant to healing of ureteroureteral anastomosis, J. Endourol., 14, 145-147,
2000.
24. Ulubayram K, Cakar AN, Korkusuz P, Ertan C, Has›rc› N. EGF containing gelatin-based wound dressings, Biomaterials, 22, 1345-1356, 2001.
25. Scherz CH, Kaplan GW, Boychuk DI, Landa HM,
Haghighi P. Urethral healing in rabbits, J. Urol., 148,
708-710, 1992.
26. Brown GL, Nanney LB, Griffen J, Cramer AB, Yancey JM, Curtsinger LJ 3rd, Holtzin L, Schultz GS, Jurkiewicz MJ, Lynch JB. Enhancement of wound healing by topical treatment with epidermal growth
factor, N. Engl. J. Med., 321, 76-79, 1989.
27. Gonul B, Koz M, Ersoz G, Kaplan B. Effect of EGF on
the corneal wound healing of alloxan diabetic mice,

Exp. Eye. Res., 54, 519-524, 1992.
28. Berthet B, di Costanzo J, Arnaud C, Choux R, Assadourian R. Influence of epidermal growth factor and
interferon gamma on healing of oesophageal corrosive burns in the rat, Br. J. Surg., 81, 395-398, 1994.
29. Elliott SN, Wallace JL, McKnight W, Gall DG, Hardin
JA, Olson M, Buret A. Bacterial colonization and healing of gastric ulcers: effects of epidermal growth
factor, Am. J. Physiol., Gastrointest. Liver. Physiol.,
278, 105-112, 2000.
30. Türky›lmaz A, Çelebi N, Gönül B. Epidermal büyüme faktörü (EGF) nün yara iyileﬂmesindeki rolü, FABAD J Pharm Sci., 12, 61-69, 1996.
31. Hong SR, Lee JS, Shim WJ, Choi YS, Lee YM, Song
KW, Park MH, Nam YS, Lee SI. Study on gelatincontaining artificial skin IV: a comparative study on
effect of antibiotic and EGF on cell proliferation during epidermal healing, Biomaterials, 22, 2777-2783,
2001.

