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ABSTRACT

BACKGROUND: The present objective was to identify effects of early melatonin application on healing of anastomotic wound and 
inflammation in an experimental sepsis model.

METHODS: A total of 60 Wistar albino rats were divided into 2 groups. Cecal ligation puncture (CLP) and colonic resection anas-
tomosis were performed on both the control group and the melatonin treatment group. Both groups were divided into 3 subgroups 
consisting of 10 rats each. One subgroup from each group underwent re-laparotomy at the 16th hour, the next on the 3rd day, and 
the final subgroup on the 7th day. Presently evaluated were effects of melatonin treatment of early sepsis on interleukin-6 (IL-6), 
interleukin-10 (IL-10), interferon gamma (INF-γ), and C-reactive protein (CRP) levels, as well as burst pressures (BPs), collagen and 
hydroxyproline (OHP) content of the anastomotic segments, histopathologic healing, immunohistochemical expressions, CD34, and 
transforming growth factor beta (TGF-β).

RESULTS: IL-6 and INF-γ levels of the treatment group showed a significant decrease at the 16th hour and an increase on the 3rd and 
7th postoperative days. IL-10 levels were significantly higher at the 16th hour and significantly lower on the 3rd and 7th postoperative 
days in the control group (p<0.001 for each). The treatment group also showed significantly higher capillary permeability, fibroblast 
proliferation, and collagen deposits (p<0.001 for each). CD34 expression was significantly increased in the treatment group on the 7th 
postoperative day (p=0.005).

CONCLUSION: Application of melatonin in early sepsis significantly improved colonic anastomotic healing in a rat model.
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studies. Sepsis is the response of the body to infections gen-
erally bacterial in origin. Endotoxemia results in the elabo-
ration of soluble mediators that enhance cellular effector 
mechanisms, increase in procoagulant and fibroblast activity 
to localize the invaders, and increase in microvascular blood 
flow to enhance delivery of immune cells to the source of 
the sepsis in an attempt to eradicate the pathogens. This sys-
temic response is commonly associated with multiple organ 
damage, which can lead to death. In cases of septic shock, 
vasodilatory effects are caused in part to up-regulation of ni-
tric oxide (NO) in the vessel wall. This potent agent plays 
a central role in diminishing vascular tone, and resists vaso-
constrictors.[2] The interaction between pathogens and host 
leads to activation of macrophages, complement proteins, 
and immunoglobulins. Excretion of cytokines such as tumor 
necrosis factor alpha (TNF-α), interferon gamma (INF-γ), and 
interleukins (ILs) takes place, depending on the magnitude of 
the response. Polymorphonuclear leukocyte attraction also 
occurs. These host defense mechanisms lead to further influx 
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INTRODUCTION
Surgery of the colon represents a large share of all surger-
ies performed in clinical practice. Many factors, some related 
to the surgeon, affect the success of anastomosis.[1] In spite 
of improvements in surgical techniques and stapling devices, 
gastrointestinal anastomoses remain associated with signifi-
cant morbidity. Sepsis, a well-known etiology of anastomotic 
breaks, has been the subject of investigation in a number of 
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of inflammatory fluid into the area of infection, a process that 
begins within several minutes and may peak within hours.[3] 

The pineal hormone melatonin plays a fundamental role in 
the neuro-immuno-endocrine system. Melatonin modulates 
the immune system with monocyte cytokines, fibroblast pro-
liferation, and growth hormones, which influence angiogen-
esis.[4] Beneficial effects of melatonin are the product of its ef-
fects on antioxidant potential, free-radical scavenger activity, 
mitogen-activated protein kinase (MAPK) and nuclear factor 
kappa B (NF-κB) activation, as well as NO expression and 
nitrite production. NF-κB acts in the modulation of DNA 
transcription, a critical point in the regulation of cellular pro-
cesses, such as DNA repair, as well as conditions that re-
quire cellular growth, such as sepsis. Melatonin also inhibits 
the lipopolysaccharide-induced increase in MAPK activation, 
which promotes tissue inflammation and injury.[5–8] Recent 
studies have demonstrated the beneficial effects of melatonin 
on healing of gastric and duodenal ulcers, as well as burn inju-
ries.[9,10] However, the effect of melatonin on colonic healing 
remains controversial. In the present study, effects of melato-
nin treatment on cytokine response and colonic anastomotic 
healing in a sepsis model were evaluated.

MATERIALS AND METHODS
Experiment Protocol
Approval of the ethics committee was obtained prior to the 
start of the study and was based on experiment protocol. All 
rats received professional human care at the experimental re-
search center. Sixty Wistar albino rats of both sexes, weighing 
220–300 g each, were fasted for 12 hours, with free access to 
water, prior to experiment initiation. Rats were housed (2–3 
per wire cage) in an environment with a 12-hour light-dark 
cycle at a constant temperature of 22–23ºC, and were fed 
a standard diet. Rats were divided into 2 groups: treatment 
and control. All rats underwent cecal ligation puncture (CLP) 
followed by cecal resection, partial colonic resection, and 
anastomosis. Both groups were then divided into 3 subgroups 
(16th hour, 3rd day, and 7th day), each consisting of 10 rats.

Sepsis was induced by CLP technique modified by Fujimu-
ra et al.[11] Anesthesia of xylazine (10 mg/kg) and ketamine 
hydrochloride (75 mg/kg) was administered. Following skin 
preparation, midline laparotomy of 2–3 cm was made, and 
the cecum was ligated just below the ileocecal valve with 3–0 
silk in order to maintain intestinal continuity. The cecum was 
perforated in 2 locations, 1 cm apart, on the antimesenteric 
surface, using an 18-gauge needle, and gently compressed 
until the extrusion of feces was observed. Six hours later, 
the cecum was resected next to the ileocecal valve. Then, 
the descending colon was mobilized and a 5-mm segment, 
approximately 2–3 cm above the peritoneal reflection, was 
resected. Next, single-layered, end-to-end anastomosis was 
performed by the same surgeon, using 5-0 polypropylene 
(Prolene; Ethicon, Inc., Somerville, NJ, USA) with interrupted 

inverting sutures. The fascia and skin were closed with 4–0 
monofilament running sutures. All animals were resuscitated 
with subcutaneous injection of 5 mL saline.

Melatonin Treatment
Melatonin was dissolved in absolute ethanol, and further dilu-
tions were made in saline. Final concentration of ethanol was 
1%. Either melatonin (10 mg/kg) or 1% alcohol in saline (1 
mL/kg) was intraperitoneally administered 30 minutes prior 
to and 6 hours after surgery, in order to investigate the role 
of melatonin in the early inflammatory phase of sepsis.[12]

Burst Pressure 
All animals were decapitated following induction of anes-
thesia. Following re-laparotomy performed by an investiga-
tor blinded to grouping, a 5–6 cm portion of a colonic seg-
ment with anastomosis was resected. Luminal content was 
cleansed by gentle saline flushing. In order to evaluate burst 
pressures (BPs) of the anastomotic segments, 1 end of the 
colonic segment was tightly sutured with 3–0 silk, and the 
other was attached to a mercury manometer by a tubing 
piece with an infusion pump. The colon segment was then 
placed in a saline-filled container, and air was pumped at a 
constant pressure of 10 mmHg/sec. As previously described, 
the pressure at which values suddenly declined or air bubbles 
were observed was recorded as BP.[13] Potential upper limit of 
the apparatus was 300 mmHg. For this reason, values higher 
than 300 mmHg were recorded as 300 mmHg. 

Hydroxyproline Determination in the Intestines
Tissue samples obtained for hydroxyproline (OHP) deter-
mination were washed with serum physiologic and dried at 
100ºC for 72 hours. OHP levels were determined spectro-
photometrically by Woessner method.[14] Samples were first 
weighed and hydrolyzed by dense hydrochloric acid (12 mol/L 
hydrogen chloride) at 130ºC for 3 hours. Each sample was 
adjusted to 1 mL final volume. Samples were centrifuged at 
3000 x g for 15 minutes to obtain a supernatant. A second 
centrifugation at 2500 x g was performed for 10 minutes af-
ter isopropanol was added to an equal volume of the super-
natant. Serial dilutions of commercial pure OHP were used as 
a standard. OHP concentrations of the samples were calcu-
lated using the absorbance–concentration curve of standard 
OHP solutions. Results were expressed as mg/g dry tissue. 
All samples were assayed in duplicate.

Histopathology 
For light microscopic study, anastomotic segments were fixed 
in 10% formaldehyde for 72 hours. The tissues were washed 
under running tap water and dehydrated with 50%, 60%, 70%, 
80%, 90%, 96%, and 100% concentrated ethanol, then placed 
in a 1:1 ratio of immersion oil and absolute alcohol for 1 hour, 
followed by immersion oil overnight, to achieve transparency. 
After the application of xylol, specimens were poured into 
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paraffin blocks using a 1:1 xylol and paraffin mixture for 1 
hour and into paraffin for 6 hours in an incubator. Paraffin-
embedded tissues were sectioned at 5 µm and stained with 
hematoxylin-eosin. Additional sections were stained with 
Masson’s trichrome. During histopathological analysis, healing 
parameters (fibroblast infiltration, capillary formation) and in-
flammatory changes (granulocyte and mononuclear cell infil-
tration) in each specimen were semiquantitatively assessed by 
assigning a score of 0–3 for each parameter, as described.[15] 
Presence or absence of necrosis, exudate, epithelialization, 
and peritonitis were also recorded. Masson’s trichrome stain 
was assessed for the presence or absence of regular collagen 
fiber pattern as follows: 
No regular collagen fibers=0; Mildly regular collagen fibers=1; 
Moderately regular collagen fibers=2; Severely regular colla-
gen fibers=3.

Measurement of Cytokines and C-reactive Protein
Blood samples were collected at the 16th postoperative hour, 
and on the 3rd and 7th postoperative days. Samples were cen-
trifuged and stored at -20ºC until analysis was performed. 
Interleukin-6 (IL-6), interleukin-10 (IL-10), INF-γ, and C-reac-
tive protein (CRP) levels were measured using a solid-phase 
sandwich enzyme-linked immunosorbent assay (ELISA) by au-
tomatic micro ELISA Tritus analyzer (Grifols, S.A., Barcelona, 
Spain). Rat IL-6, IL-10, INF-γ, and CRP ELISA kits (MyBio-
Source, Inc., San Diego, CA, USA) were used.

Immunohistochemical Method 
Avidin-biotin-peroxidase complex techniques were used for 
immunohistochemical staining.[16] The slides were incubated 
overnight at 37ºC, then for 1 hour at 60ºC. Next, they were 
de-waxed in 2 cycles of xylene (15 minutes each) and rehy-
drated with descendent ethyl alcohol gradient for 10 minutes 
each, followed by 2 5-minute changes of distilled water. The 
sections were boiled in citrate buffer in a microwave oven for 
5 minutes at 650 W and for 3x5 minutes at 550 W. After 20 
minutes at room temperature, the tissues were rolled with 
a PAP pen (Beckman Coulter Inc., Brea, CA, USA). The tis-
sues were washed with distilled water, then with phosphate-
buffered saline (PBS), and endogenous peroxidase activity 
in the tissues was blocked in 3% hydrogen peroxide for 20 
minutes. PBS-diluted Ultra V block (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) was applied for 5 minutes. Follow-
ing 1-hour application of primary antibodies— transforming 
growth factor beta 3 (TGF-β3; Vet Pharma Friesoythe GmbH, 
Friesoythe, Germany) and CD34 (Lab Vision/Neomarkers, 
Inc., Freemont, CA, USA)— diluted with antibody diluents 
(Thermo Fisher Scientific, Inc., Waltham, MA, USA), the 
samples were washed with PBS. Secondary antibody— bio-
tinylated anti-polyvalent— was applied for 20 minutes. Af-
ter the slides were washed with PBS, they were exposed to 
streptavidin peroxidase for 20 minutes. The specimens were 
rewashed with PBS and placed in 3-amino-9-ethylcarbazole 
(AEC) chromogen for 10 minutes. Finally, counter-staining 

with Mayer’s hematoxylin was performed for 2 minutes. All 
slides were evaluated using a Leica DMI 4000B light micro-
scope (Leica Microsystems GmbH, Wetzlar, Germany) and 
photographed with Leica QWin Pro (version 3.4.0; Calidris & 
SoftHard Technology Ltd., Marianka, Slovakia). 

Two researchers blinded to grouping independently evaluated 
staining intensity. The following staining intensity designation 
was used: 0 for no involvement; 1 (+) for slight involvement; 2 
(++) for mild involvement; and 3 (+++) for strong involvement 
of the primary antibody. The entire slide of each specimen 
was examined, and final scoring was based upon the predomi-
nant areas with the highest grade of staining intensity. Label-
ling intensity was graded semi-quantitatively, and HSCORE 
was calculated using the following equation: HSCORE =Pi(i + 
1), where i is the intensity of labelling with a value of 1, 2, or 
3 and Pi is the percentage of labelled epithelial and stromal 
cells for each intensity, varying from 0–100%.[17]

Statistical Analysis
Statistical evaluation of numeric variables was performed 
with 1-way analysis of variance, followed by post-hoc Tukey. 
Nonnumeric variables were evaluated with χ2 test. A p value 
of less than 0.05 was considered statistically significant.

RESULTS

Two mortalities were observed in the control group: at the 16th 
postoperative hour and on the 3rd postoperative day. Statistical 
analysis was performed excluding these mortalities. BPs and 
OHP levels are shown in Table 1. BP levels were slightly higher 
but insignificant in the treatment group at the 16th hour and on 
the 3rd day (p=1.0 and p=0.99, respectively). BP elevation was 
statistically significant in the treatment group on the 7th day 
(146.1±50.74 mmHg vs 193.0±26.58 mmHg, p<0.001). OHP 
levels at the anastomotic site showed significant improvement 
in the treatment group (77.73±24.87 µg/mg vs 132.26±48.48 
μg/mg at the 16th hour; 129.5±13.6 μg/mg vs 197.07±56.52 μg/
mg on the 3rd day; and 198.31±33.59 μg/mg vs 224.67±61.16 
μg/mg on the 7th day in the control and treatment groups, re-
spectively; p=0.008, p=0.016, and p=0.01, respectively).

Histologically, fibroblastic proliferation and capillary per-
meability as indicators of wound healing were improved in 
the treatment group, with statistically significant difference 
(p<0.001, Figs. 1, 2). Collagen deposits showed significant-
ly better deposition, by Masson’s trichrome staining, in the 
treatment group (p<0.001, Fig. 3). Demonstrative histological 
sections are shown in Figure 4a-d.

Cytokine levels differed significantly over time. In the treat-
ment group, inflammatory cytokines (IL-6 and INF-γ) were sig-
nificantly lower at the 16th hour and significantly higher during 
the 3rd and 7th postoperative days (p<0.001 for each). Levels 
of regulatory cytokine (IL-10) were significantly higher at the 
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16th hour and significantly lower on the 3rd and 7th postopera-
tive days (p<0.001 for each). CRP levels were also significantly 
lower in the treatment group at the 16th hour. CRP levels of 
the treatment group tended to be lower than those of the 

control group on the 3rd and 7th postoperative days, but the 
difference was not statistically significant (p=0.38 and p=0.99, 
respectively). Cytokine and CRP levels are shown in Table 2.

Immunohistochemical evaluation of CD34 revealed similar 
results between the groups at the 16th hour (p=1.0). On the 
3rd postoperative day, the treatment group showed a slight in-
crease in CD34 levels, but the difference was not statistically 
significant (p=0.057). On the 7th postoperative day, CD34 
expression of the treatment group was significantly higher 
(p=0.005) (Fig. 5a, b).

Expression of TGF-β at the anastomotic site showed signifi-
cantly higher levels in the treatment group at the 16th post-
operative hour, and on the 3rd and 7th postoperative days 
(p=0.019, p=0.001, and p=0.008, respectively). TGF-β levels 
are listed in Table 3.

DISCUSSION
Numerous attempts have been made to lower incidence of 
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Table 1. Burst pressures and hydroxyproline levels in all groups 

 Sacrification time Control  Treatment (Melatonin) p

  Mean±SD Mean±SD

Burst pressure (mmHg) 16th hour 7.40±5.25 8.33±5.46 =1.0

 Third POD 40.0±15.09 45.89±10.52 =0.99

 Seventh POD 146.1±50.74 193.0±26.58 <0.001*

Hydroxyproline-Proline Level (μg/mg) 16th hour 77.73±24.87 132.26±48.48 =0.008*

 Third POD 129.5±13.6 197.07±56.52 =0.016*

 Seventh POD 198.31±33.59 224.67±61.16 =0.01*

*Melatonin-treated rats had significantly elevated BP on the seventh POD and higher OHP levels in all periods examined. SD: Standard deviation.

Figure 2. Capillary formation, an indicator of wound healing, in-
creased over time in the treatment group, with significant differ-
ence (p<0.001).
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Figure 1. Fibroblastic proliferation was significantly improved in 
the treatment group at the 3rd and 7th postoperative days (p<0.001).
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Figure 3. Collagen deposition was evaluated by Masson’s tri-
chrome staining, and showed significantly better results in the 
treatment group, particularly at the 3rd and 7th postoperative days 
(p<0.001).
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anastomotic leakage and related complications in cases of 
colorectal surgery. Effects of melatonin on the integrity of co-
lonic anastomoses in septic conditions were presently inves-
tigated with a rat model. The idea of treating septic animals 
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with melatonin originated in the hypothesis that this product 
had potential antioxidant effects and was a potent free radical 
scavenger. In another vital effect, melatonin stimulates activ-
ity of the endogenous antioxidant enzymes glutathione and 
myeloperoxidase.[18–20] Melatonin also has immune-regulatory 
and anti-edematogenic effects. The immune-regulatory ef-
fects of melatonin are associated with a reduction in MAPK 
and NF-κB activation, down-regulation of a variety of proin-
flammatory cytokines, expression of inducible NO synthase, 
and production of nitrite.[20–22]

The present results demonstrate that melatonin treatment 
administered during the early phase of sepsis leads to early 
decline in inflammatory cytokines (IL–6 and INF-γ) and in-
crease in levels of regulatory cytokine (IL-10). However, this 
effect was reversed on the 3rd and 7th postoperative days. 
IL-10 is able to induce modified cytokine secretion pattern 
with suppression of TNF-α, IL-l, IL-6, and IL-8, and can in-
hibit antigen-presenting capacity. IL-10 also has both direct 
and cytokine-related indirect effects on monocytes and 
macrophages. Therefore, IL-10 appears to be an important 
candidate for the induction of immunoparalysis, which fre-
quently follows a hyperinflammatory phase. Interestingly, IL-
10 inhibits its own production and TNF-α blockade leads to 
the inhibition of endotoxin-induced IL-10 formation in hu-
man monocytes. The purpose of these consecutive inflamma-
tion and anti-inflammation phases is to protect the organism 

Table 3. Transforming growth factor beta expression at the 
anastomotic site, distributed according to

   histological examination, showed markedly higher 
levels in the treatment group at all intervals

Groups Control Treatment p
  (Melatonin) 

  n % n %

TGF-β

16th hour

 Absence 5 55.6 0 0 0.019

 Mild 4 44.4 9 90.0 

 Moderate 0 0 1 10.0 

 Severe 0 0 0 0 

Third POD

 Absence 0 0 0 0 0.001

 Mild 9 90.0 2 20.0 

 Moderate 0 0 8 80.0 

 Severe 0 0 0 0 

Seventh POD

 Absence 0 0 0 0 0.008

 Mild 6 60.0 2 0

 Moderate 2 20.0 8 20.0 

 Severe 2 20.0 0 80.0

(a) (b)
Figure 5. (a) Immunohistochemical demonstration of mild, and 
(b) moderate CD34 expression (x100 magnification).

(a) (b) (c) (d)
Figure 4. (a) Mild granulocyte, fibroblast infiltration, and capillary 
formation, (b) moderate granulocyte and fibroblast infiltration, (c) 
severe granulocyte infiltration, and (d) moderate fibroblast prolifer-
ation in the subserosal layer. ([a-c]: Hematoxylin-eosin, x20 mag-
nification; [d] Masson’s trichrome stain, x20 magnification).

Table 2. CRP and cytokine levels exhibited significant differ-
ences between treated and control rats

Sacrification time Control  Treatment p
   (Melatonin)

  Mean±SD Mean±SD 

IL-6 (pg/ml)
 16th hour 3005.19±93.95 1054.84±135.97 <0.001
 Third POD 110.52±22.37 270.62±67.14 
 Seventh POD 92.48±18.36 151.13±35.52 
IL-10 (pg/ml)
 16th hour 161.59±28.11 803.64±405.09 <0.001
 Third POD 35.42±28.31 24.29±10.83 
 Seventh POD 29.60±12.06 23.57±6.93 
Interferon γ (pg/ml)
 16th hour 46.01±11.18 28.15±7.86 <0.001
 Third POD 20.23±3.45 22.67±6.51 
 Seventh POD 27.25±5.08 42.41±15.03 
CRP (ng/ml)
 16th hour 48.91±5.85 35.49±4.65 <0.05
 Third POD 47.04±12.35 39.92±12.42 0.38

 Seventh POD 42.04±9.34 39.57±6.35 0.99

Proinflammatory cytokines were significantly lower in treatment groups at 16th 

hour and reversed on the third and seventh PODs. CRP levels were significantly 
lower in treatment group at 16th hour and although insignificant, remained at 
lower levels throughout the study. SD: Standard deviation.



against the consequences of whole-body inflammation. Inter-
estingly, 2 peaks of IL-10 production can be detected in vivo. 
The “late” IL-10 peak can be detected in plasma 8 hours after 
endotoxin exposure, and is regulated by TNF-α. The “early” 
IL-10 peak can be detected 1–2 hours after exposure and ex-
plains the monocyte deactivation that is observed following 
trauma. Normally, monocytes recover spontaneously within 
24–72 hours. Persistence of deactivation is associated with 
high rate of infection.[23–25] In the present study, IL-10 levels 
were initially higher in treated rats and decreased on the 3rd 
and 7th postoperative days. We believe that immunoregulato-
ry effects of melatonin assisted in the normalization of IL-10 
levels, preserving monocyte and macrophage functions.
Rate of CRP synthesis directly reflects the intensity of the 
inflammatory process. Anastomotic leak, wound infection, 
tissue ischemia, and necrosis activate CRP production.[26,27] In 
septic patients, decrease in CRP levels indicates a higher sur-
vival rate or resolution of sepsis.[28,29] CRP levels were signifi-
cantly lower in the treatment group at the 16th hour, and re-
mained at levels lower than those of the control group on the 
3rd and 7th postoperative days. We believe that the decrease 
in CRP levels in treated rats confirms the anti-inflammatory 
role of melatonin during sepsis.

Beneficial effects of melatonin on wound healing have been 
documented. Soybir et al. investigated the role of melatonin 
in an experimental wound healing model and detected a high-
er number of macrophages, fibroblasts, neovascularizations, 
and higher collagen density in treated animals. The authors 
determined that exogenous melatonin has positive effects on 
the angiogenic phase of wound healing.[4] As OHP is the main 
determinant of collagen content within tissue, a correlation 
exists.[30] In the present study, higher levels of OHP were ob-
served in the treatment group at all times, and significantly 
higher collagen deposits were also observed. BPs measured 
on the 7th postoperative day were significantly higher in treat-
ed rats. Although insignificant, BP levels were also slightly 
higher in the treatment group at the 16th hour and 3rd post-
operative day. Overall, the present results have demonstrated 
a correlation between OHP levels, collagen deposits, and BP. 
According to the data, it can be concluded that exogenous 
melatonin has regulatory and supportive effects on wound 
healing and collagenization.

Pugazhenthi et al. were the first to demonstrate accelerated 
wound healing with melatonin in rats. The results also con-
firmed modulated key biological processes, such as collagen 
synthesis, scar formation, inflammation, and angiogenesis.[21] 
However, no consensus regarding the effects of melatonin on 
wound healing has been reached since. Bulbuller et al. report-
ed that exogenous melatonin decreased collagen synthesis and 
epithelium proliferation, and had negative effects on wound 
healing in both normal and pinealectomized rats.[31] Similarly, 
Ozdogan et al. found no beneficial effect of exogenous mela-
tonin on colonic anastomosis.[30] On the other hand, Ozen et 
al. reported that melatonin had a dose-independent positive 

effect on wound healing of colonic anastomosis in the pres-
ence of peritonitis. The authors found significantly higher burst 
pressure and glutathione levels in rats treated with a high dose 
of melatonin. In addition, malondialdehyde, blood TNF-α, and 
IL-6 levels were significantly low in the same group.[32]

Mechanisms associated with melatonin that may accelerate 
wound healing were presently investigated. One mechanism 
was TGF-β-associated collagen synthesis. Melatonin has been 
shown to induce production of TGF-β,[4] which plays a sig-
nificant role in promoting collagen synthesis and healing the 
colon.[33] In the present study, TGF-β levels were higher in 
treated rats, corresponding to improved colonic healing. The 
present findings regarding the effect of melatonin on angio-
genesis support those of previous studies. Melatonin increas-
es the number of vessels in wounded tissue.[4] Status of an-
giogenesis was investigated using CD34 expression. CD34 is 
a transmembrane glycoprotein that is primarily present in the 
endothelial cells. Detection of this molecule facilitates identi-
fication of blood vessels and endothelial cells in tissues adja-
cent to the wound site.[34] A steady increase in CD34 expres-
sion was presently found in the treatment group. We believe 
that these high CD34 levels confirm increased angiogenesis 
and better anastomotic healing in melatonin-treated rats.

In conclusion, the present study demonstrated the protective 
effects of melatonin on anastomotic healing during sepsis. In-
creased TGF-β levels and CD34 expression were detected in 
the group treated with melatonin, positively affecting collagen 
synthesis and angiogenesis. Moreover, in the early period, IL-
10 levels were significantly higher and CRP levels were signifi-
cantly lower in treated rats, confirming the anti-inflammatory 
property of melatonin in the treatment of sepsis. Further 
studies in which a variety of doses are administered by vari-
ous application routes are warranted.
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Deneysel sepsis modelinde melatoninin sitokin salınımı ve
kolonik anastomoz iyileşmesi üzerine etkileri
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AMAÇ: Deneysel sepsis modelinde erken dönem melatonin uygulamasının anastomoz yara iyileşmesi ve enflamasyon üzerine olan etkilerini gös-
termeyi amaçladık.
GEREÇ VE YÖNTEM: Altmış Wistar-Albino sıçan iki gruba ayrıldı. Melatonin ve kontrol gruplarına çekal ligasyon ve puncture ile kolonik rezeksi-
yon ve anastomoz yapıldı. Her iki gruptan 10’ar sıçana 16. saat, üçüncü ve yedinci günlerde relaparotomi yapıldı. Erken dönem sepsiste melatonin 
tedavisinin etkilerini incelemek amacıyla interlökin-6, interlökin-10, interferon-gama, C-reaktif  protein düzeyleri, patlama basınçları, anastomotik 
segmentlerdeki kollajen hidroksiprolin içeriği, histopatolojik iyileşme düzeyleri ve CD34 ve “transforming growth factor beta” immünhistokimyasal 
düzeyleri değerlendirildi.
BULGULAR: Tedavi grubunda interlökin-6 ve interferon-gama düzeylerinin ameliyat sonrası 16. saatte anlamlı olarak azaldığı, üçüncü ve yedinci gün-
lerde ise artmış olduğu bulundu. İnterlökin-10 düzeyleri ise kontrol grubunda ameliyat sonrası 16. saatte anlamlı olarak artmışken, üçüncü ve yedinci 
günlerde düşük bulundu (p<0.001). Aynı zamanda tedavi grubunda kapiller permeabilite, fibroblast proliferasyonu ve kollajen depositleri anlamlı 
olarak yüksek bulundu (p<0.001). CD34 ekspresyonu tedavi grubunda ameliyat sonrası yedinci günde anlamlı olarak yüksek bulundu (p=0.005).
TARTIŞMA: Sıçan modelinde erken sepsis döneminde melatonin uygulamasının kolonik anastomoz iyileşmesini anlamlı olarak artırdığını düşünüyoruz.
Anahtar sözcükler: Anastomosis; colon; melatonin; sepsis.
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