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Background/Purpose: The effects of locally administered
low-dose epidermal growth factor in a steroid-inhibited
wound healing were investigated in a rat model.

Methods: Long-acting release of epidermal growth factor
was enabled using microspheres embedded in gelatin
sponge. Study groups consisted of 60 rats with 10 in each:
colonic anastomosis only (C), plus pure gelatin sponge (CG),
plus epidermal growth factor loaded sponge (CE), colonic
anastomosis and steroid (S), plus gelatine sponge (SG), and
plus epidermal growth factor-loaded gelatine sponge (SE)
groups. Bursting pressure and wound hydroxy-proline con-
tent were measured. Bursting sites were recorded. Collagen
deposits, inflammation, and foreign body reactions were
evaluated.

Results: Bursting pressure and hydroxy-proline contents
were found lowest in the S and highest in the CE groups (P <
.01). There was almost no difference between C and SE
groups. Bursts were encountered in peri-anastomotic normal

colon sites in the nonsteroid-treated C, CG, and CE groups.
They were noted overwhelmingly at the anastomosis in
steroid-inhibited S, SG, and SE groups. Histopathology re-
sults showed a standstill at the inflammatory phase of heal-
ingin S and SG groups. The best healing was observed in the
CE group. Degree of collagen accumulation was well corre-
lated with bursting pressure and hydroxy-proline content
data with a negligible foreign body reaction to gelatine
sponge.

Conclusions: Continuous local epidermal growth factor ad-
ministration by microspheres in gelatin increases wound
collagen and further enhances healing in colonic anastomo-
ses even with steroid inhibition.
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EAKAGE AFTER COLONIC anastomosis is more
frequent than small bowel anostomosis and can

lead to high morbidity and mortality rates. Anastomotic
dehiscence may result in up to 30% mortality rate.

Factors reported to effect healing and integrity of the
intestinal anastomosis are blood supply, anastomotic
technique and meticulous procedure, colonic bacteria,
inflammation, age, nutritional status, associated disease,
and drugs.23

Growth factors are small polypeptides that bind to
specific cell receptors to play a significant role in the
stages of wound healing, including the synthesis, depo-
sition, and maturation of collagen. A wound cytokine,
epidermal growth factor (EGF), has a mitogenic effect on
wound healing because it is produced and secreted by
local inflammatory cells.# It activates fibroblast prolifer-
ation, consequently enhancing new collagen synthesis.s
EGF receptors are present in many tissues with their
acknowledged effect on wound healing and growth.6 A
low-level EGF gene expression has been shown to cor-
relate with a significant increase in EGF receptor gene
expression after colonic anastomosis.®

It is postulated that local administration of exogenous
EGF in the anastomotic healing process will benefit
wound healing, especially when it is impaired, because
EGF receptors are present in newly performed colonic
anastomosis. This study was intended to surface the
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effects of local EGF release from biocompatible and
biodegradable gelatin microspheres”-8 embedded in po-
rous sponge used in normal and steroid-inhibited colonic
wound healing.

MATERIALS AND METHODS

Sixty female (180 to 210 g) Sprague-Dawley rats, housed in a
controlled temperature, humidity, and 12-hour light-dark cycle were
fed with food and water ad libitum. After the approval of the research
protocol by the Institutional Ethics Committee (12.01.2001-1033), rats
were assigned randomly to one of 6 groups containing 10 animals in
each. All animals underwent colonic anastomosis. The first 3 groups of
rats received daily 0.1-mg/kg dexamethasone-sodium phosphate intra-
muscularly for 14 days preoperatively: just anastomosis (S, n = 10),
pure sponge (SG, n = 10), and EGF-loaded sponge (SE, n = 10)
groups. Next, 3 groups were accepted as control; animals received daily
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Fig 1. Schematic scene of the surgical procedure used for gela-
tine-applied groups.

intramuscular injections of 0.5 mL isotonic saline instead of steroids:
just anastomosis (C, n = 10), pure sponge (CG, n = 10), EGF-loaded
sponge (CE, n = 10) groups.

Rats were anesthetized (Ketamine HCl 50 mg/kg intramuscularly)
and underwent midline laparatomy after cephazoline sodium (100
mg/kg) administration. A segment measuring 1 cm of the descending
colon was resected at a level 3 cm proxima to the pelvic brim.
Anastomosis was performed with 10 interrupted 7-O atraumatic
polypropylene sutures (Ethicon, Edinburgh, UK) placed in an inverted
manner in al groups. Pure or EGF-loaded sponge (4 X 0.5 X 0.2 cm)
was placed onto the serosal surface of the anastomosis with 2 stitches
of 5-0 atraumatic chromic-catgut in CG, CE, SG, and SE groups (Fig
1A & B). The abdominal wall was closed with 2 layers of continuous
3-0 polyglactin (Ethicon), and animals were returned to their cages and
given food and water ad libitum. After 7 days of saline or dexameth-
asone injections, a second-look laparatomy was performed. segments
of colon of 2.5 cm with centrally situated anastomosis were prepared
from each animal. Bursting pressures (BP) were measured with the
infusion of saline in a speed of 49.9 mL/h to this isolated segment
through a plastic catheter that was connected to a pressure transducer.
Bursting sites were determined as described by Koruda and Rolan-
delli.® Two-centimeter-length tissue samples including anastomosis
linewere taken and incised longitudinally. A piece of the specimen was
fixed in 10% formalin, and the rest was snap-frozen in liquid nitrogen
and stored at —80°C for determination of hydoxy-proline (HP) content.
HP content was measured by spectrophotometrical method described
by Bergeman and Loxly.10

For examination of acute inflammation and foreign body reaction,
histologic specimens were investigated by light microscopy after being
stained with H& E, whereas collagen distribution was evaluated with
the same manner using trichrom stain after saline wash.
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Preparation of Sponge

Aqueous gelatin solution (1.5 g in 45 mL) was stirred at 2,000 rpm
for 15 minutes. And 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide
was added as cross-linking agent to stabilize the spongy structures
while mixing for another 5 minutes. The spongy solution was put into
0.5-cm-high glass moulds treated with silicon to prevent adhesion and
freeze dried. Sponges, containing EGF-loaded microspheres, were
prepared in the same way with addition of microspheres into the
spongy solution just before molding.

EGF containing microspheres were produced by water-oil inverse-
emulsion polymerization technique by using EGF (200 wg) containing
aqueous gelatin solution (1 g/15 mL) in minera oil (35 mL). Micro-
spheres were hardened with gluteraldehyde solution (2 mL of 0.5%),
cleaned by acetone and then dried. The amount of EGF in gelatine
sponge was calculated as 1.05 ug/cm?, thus, enabling EGF adminis-
tration to the anastomotic line throughout 4 days in a calculated mean
dose of 1 pg/kg/d.

Datawere presented as mean = SEM. A P value of lessthan .05 was
considered as statistically significant. A nonparametric 2-way analysis
of variance (ANOVA) test was used to test the differences.

RESULTS

All anastomoses were intact with no apparent obstruc-
tion or stenosis. Bursting occurred at the anastomosis in
1 of 10 animals (10%) in CG, 2 of 10 (20%) in CE, and
3 of 10 (30%) in C for those groups without steroid
inhibition. For the steroid-applied S group, the bursting
sites were observed on anastomotic line in 10 animals
(100%) implying retarded healing. Application of sponge
or EGF containing sponge resulted in anastomotic burst-
ing in 8 of 10 animals (80%) and 7 of 10 (70%) for SG
and SE groups, respectively (Table 1).

The BP of CE was found as 219 *+ 12.29 mm Hg and
significantly higher than all the other groups (P < .01).
For steroid-applied S and SG groups, BP was signifi-
cantly reduced as 14.14 + 2.58 mm Hg and 18.62 = 1.59
mm Hg, respectively (P < .01). But it was increased up
to 181.71 + 14.58 mm Hg in the EGF-applied steroid
group SE, and found to be very similar to the C
(180.20 = 8.7 mm Hg) and CG (177.44 = 7.27 mm Hg)
groups (Table 1).

The highest concentration of tissue HP was found in
the CE group (4.52 = 0.20 png/mg tissue), paralel to the
bursting pressure measurements (P < .01). Minima
HPwas encountered in S and SG groups (P < .01) and
guantified as 2.59 + 0.21, 2.66 = 0.19 w/mg tissue,
respectively. HP value reached to 3.01 = 0.18 ug/mg
tissue for SE group, which is quite close to C and
CG groups results (3.47 = 0.19 and 3.31 = 0.19,

Table 1. The Bursting Sites, Bursting Pressures, and Tissue Hydroxyproline Levels

C CG CE S SG SE
Anastomotic bursting site (%) 30 10 20 100 80 70
Bursting pressure (mm Hg) 180.2 =9 1774 +7 219 = 12* 14+3 18.6 = 2 181.7 = 5t
Hydroxyproline content (ug/mg tissue) 3.47 = 0.19 3.31 =0.19 4.52 + 0.2* 2,59 = 0.21 2.66 = 0.19 3.01 = 0.18t

*Significantly different than all other groups (P < .05).

tSignificantly higher than S (P < .05) and SG but not different than C and CG.



EGF ENHANCES ANASTOMOTIC HEALING

Fig 2. Incomplete epithelization and a huge ulcer in mucosa in S
group (H&E original magnification x100).

respectively). These measurements correlated with BP
(Table 1).

Histopathol ogic examination found a delayed reaction
at the inflammatory phase of healing in S and SG groups
with high portion of polymorphonuclear (PMN) leuko-
cytes and incomplete epithelization with ulcers in the
mucosa (Fig 2). The best healing process was observed
in the CE group with a good amount of organized
collagen accumulation (Fig 3). Tissues including sponge
(EGF loaded or not) showed scarce biomaterial remnants
with crossings of collagen fibers (Fig 4).

Minimal foreign body reaction next to the sponge
remnants was observed in 2 animals of the CG group, in
1 animal in CE, of SG and 1 in SE group. Neither
remnants of chromic catgut nor a noteworthy foreign
body reaction around polypropylene remnants in the
samples of the anastomotic area was observed.

DISCUSSION

Attempts to support production and maturation of new
collagen are beneficial for prevention of anastomotic
leakage. The anastomotic healing is effected by the
degree of primary inflammatory response; the rate of
mucosal reepithelization; the amount, strength, and mat-
uration rate of new collagen; and collagenolysis in the
initial 3 days of the postanastomotic period.1%12 The
strength of an anastomosis is based on the collagen fibers
and their maturation at the submucosa.1*

Data from the current experiments show that the local
and continuous EGF administration resulted in greater
anastomotic strength. The colonic wall of the EGF-
applied group (CE) resisted greater intralumina pres-
sures than al other animals. Bursting pressure of the
EGF-applied steroid group (SE) was similar to the non-
steroid-applied control rats (C). Data from the current
study also indicate that hydroxyproline correlates signif-
icantly with the BP.
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Fig 3. A good amount of organized collagen accumulation in CE
group (Trichrom-Mason, original magnification x200).

EGF, platelet-derived growth factor BB, and trans-
forming growth factor-g are considered as active cyto-
kines in colonic wound healing. EGF and EGF receptor
gene expression in colon indicate that the number of
EGF receptors increases significantly with no changesin
EGF gene expression levels.:3 Another endogenous cy-

Fig 4. Little amount of gelatine sponge remnants observed in CE
group (Trichrom-Mason, original magnification x100).
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tokine, transforming growth factor-«, binds to these
receptors.>

Increase of EGF receptors at colonic anastomosic sites
during the wound healing process could be a possible
explanation about the beneficia effects of locally admin-
istered EGF in the current study. This hypothesis can
also be supported with the study by Kingsnorth et a,
which suggested the enhancement of colonic anastomo-
sis healing with the administration of intraperitonesal
EGF.14

Synthesis of collagen is maximized in 5 to 7 days by
proliferation of collagen-producing local fibroblasts.6:15
Therefore, EGF was chosen to be released during the
initial postoperative 4 days for enhancing the fibroblastic
proliferation during the healing process in the current
study. Inadequate blood supply, bacterial count of colon,
inflammation, technical errors, age, nutritional status,
associated diseases, and drugs such as chemothrapeutics,
octreotide, suramine, irradiation, and dexamethasone im-
pair the wound healing process.231216-18 |n the current
study, the most significant effect of locally administered
EGF in gelatin microspheres was shown in steroid-
administered groups. Local administration of EGF by
controlled release in the SE group established a 1,185%
higher BP than the steroid-administered S group.

Dexamethasone is known to decrease the inflamma-
tory cell functions including any cytokine secretion.1®
High levels of BP in the SE group might be the result of
the cytokine provided exogenously, where steroids re-
stricted endogenous secretion from inflammatory cells.

The effects of a number of chemical, physical, and
nutritional elements have been investigated on the nor-
mal or inhibited wound healing process of colonic anas-
tomosis such as arginine, short chain amino acids, vita
min A, zinc, He:Ne laser, erythropoetin, and hyperbaric
0Xygen.20-26 |ncrease of bursting pressure values to that
of controls were 32% with short chain fatty acids,2° 24%
with arginine,2t 37% with erythropoetin.22 I ntraperitone-
aly administered EGF increased BP by 12%.14 The
current study of local EGF administration indicated a
22% higher BP than the controls in nonsteroid-inhibited
wound healing.

Systemic application of vitamin A in a subtoxic dose
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increased the tensile strength 56% higher than the con-
trols, and prostaglandin E1 to 68% in a previous steroid
inhibited wound healing model of colonic anastomosis
with some reported side effects caused by PGE1.23 We
did not examine any side effects throughout the study.
Bursting occurred at extra-anastomotic sites in 30% of
animals of the SE group indicating that the healing was
stronger than S and SG groups.

In the current study, the amount of EGF in the sponge
structures placed onto the anastomosis line was 1.05
wg/cm?. This amount of the cytokine is proposed to be
administered to the anastomotic line throughout 4 daysin
a dose of 1 wg/kg/d. When compared with 150 to 200
ng/kg/d systemic dose of EGF used in previous stud-
ies, 2425 there is a significant benefit for cost effectiveness
by sustained release of EGF.

These cost-effective results of the study were supplied
by the help of gelatin microspheres loaded onto biocom-
patible and biodegradable sponge. Those microspheres
were used as vehicles, which released EGF continuously
during the postoperative period.

Presence of receptors previoudly identified on colorec-
tal cancer cells hinders administration of local EGF in
malignancy.! In an experimental rat tumor model, appli-
cation of collagen, with or without growth factors, in-
creased the number of tumor-developing animals and
peri-anastomotic tumor growth. Collagen, and conse-
quently gelatin, therefore, must be considered only as a
vehicle for nonmalignant entities of impaired wound
healing until further studies enlighten the issue. RO-
resected patients could be an exception, athough there
seems to be no reason that they would suffer or take other
nonwanted complications caused by gelatin sponges or
EGF.

The current study shows that local, continuous, and
low-dose EGF administration provided by gelatin micro-
spheres increases collagen and enhances the healing
process even in steroid-inhibited colonic anastomosis
cost effectively. A possible mechanism isthat exogenous
EGF administration to the anastomotic line may have
bound to the EGF receptors and enhanced the prolifera-
tion of collagen-producing fibroblasts. Further studies
are required to clarify the mechanism.
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