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Effects of melatonin on colonic anastomosis healing
following chemotherapy in rats
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INTRODUCTION This study aimed to investigate the effects of melatonin on the healing of colon anastomosis following
chemotherapy.

METHODS 32 rats were randomised into four groups: (a) control group, which underwent sigmoid colon transection
and primary anastomosis; (b) melatonin group, which received melatonin daily following anastomosis; (c) 5-fluorouracil
(5-FU) group, which received 5-FU for five days prior to anastomosis; and (d) 5-FU+melatonin group, which received 5-FU
for five days prior to anastomosis and melatonin daily following anastomosis. The rats were sacrificed on Postoperative
Day 7 and anastomotic bursting pressures were measured. The anastomotic segment was extracted for hydroxyproline,
luminol and lucigenin measurement and histopathological examination. Blood samples were obtained from the vena cava
for measurement of tumour necrosis factor-alpha (TNF-a) and interleukin-1 beta (IL-13) plasma levels.

RESULTS Compared to the 5-FU group, bursting pressures of anastomosis and hydroxyproline levels were significantly
higher, while luminol and lucigenin levels were significantly lower, in the control and 5-FU+melatonin groups. In addition,
TNF-oe and IL-13 plasma levels were significantly lower in the control and 5-FU+melatonin groups than in the 5-FU group.
Histopathological examination showed a significant decrease in inflammation and necrosis formation in the melatonin
group when compared to the control group. The positive effect of melatonin was also seen in the rats that received 5-FU.
CONCLUSION Our study results showed that the adverse effects of chemotherapy on the mechanical, biochemical and

histopathological parameters of anastomosis healing were attenuated through melatonin treatment.
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INTRODUCTION

Anastomotic leakage is an important cause of morbidity and
mortality secondary to colorectal surgery. The risk of colorectal
anastomotic dehiscence is greater when compared to other parts
of the gastrointestinal tract because of the higher bacterial content
and scant blood supply of the colon, especially in chemotherapy
patients. Colorectal anastomotic dehiscence is correlated
with prolonged length of hospital stay and increased treatment
cost.*9 The rate of anastomotic leakage after colorectal surgery
is 2%-37% in the English-language literature.””

Anastomotic complications are related to technical, local and
systemic factors, which can affect the healing period. Absence of
tension on the suture line, perfusion of intestinal edges, ability to
ensure homeostasis and absence of distal luminal obstruction are
important for safe anastomosis."*'? Risk factors for anastomotic
dehiscence include malnutrition, anaemia, local infections,
obesity, female gender, intraoperative hypotension, emergent
surgery and disrupted blood supply, as well as preoperative
neoadjuvant therapies.'!"13-19

Melatonin has been reported to have favourable effects on
wound healing.?” However, it is unclear whether melatonin can
alleviate the potential side effects of preoperative chemotherapy
on wound healing. The aim of the present study was to investigate
the effects of melatonin on the mechanical, biochemical and

histopathological parameters of anastomosis healing after
preoperative chemotherapy.

METHODS

This study was approved by the Local Ethical Committee of Animal
Experiments of Marmara University (protocol no. 73.2012.mar).
In this study, 32 adult male Wistar rats weighing 200-250 g were
used. All animals were kept in a temperature-controlled room
(22°C + 2°C) with a 12-hour light-dark cycle and had free access
to water and standard laboratory chow.

5-fluorouracil (5-FU) was administered at a dose of
20 mg/kg daily for five days before surgery, while melatonin was
administered subcutaneously ata dose of 0.4 mg/kg daily following
surgery. Rats were randomised into four groups: (a) control group,
with colonic anastomosis without administration of 5-FU or
melatonin; (b) melatonin group, with colonic anastomosis and
melatonin; (c) 5-FU group, with colonic anastomosis and 5-FU;
and (d) 5-FU+melatonin group, with colonic anastomosis and
administration of both 5-FU and melatonin.

All rats were fasted for 12 hours prior to the surgical procedure.
Anaesthesia was induced by administration of 50 mg/kg ketamine
(Ketalar®; Pfizer, Ortakoy, Istanbul, Turkey) and 10 mg/kg
xylazine hydrochloride (Rompun®; Bayer, Umraniye, Istanbul,
Turkey). Abdominal hair was shaved, skin was sterilised with
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10% povidone iodine, and laparotomy via a midline incision was
performed under general anaesthesia. The colon was transected
without disrupting perfusion of the mesocolon. Afterwards,
anastomosis was performed using interrupted 6/0 polypropylene
(Prolene®; Ethicon, Johnson & Johnson Medical NV, Belgium)
sutures in a single-layer, end-to-end manner. All anastomoses
were performed by a single surgeon and eight sutures were used
for each one. Fascia and skin were closed using continuous 3/0
polypropylene (Prolene®; Ethicon). Standard laboratory chow
and water was given 12 hours after the procedure. Rats were
sacrificed on Postoperative Day 7 and the peritoneal cavity was
exposed with a midline incision.

The anastomotic colonic parts were resected en bloc with 2 cm
of bowel on each side. To measure bursting pressure, the segments
were infused (6 mL/min) with saline containing methylene blue via
infusion pump, and the outcome measure was expressed in mmHg.
After measuring bursting pressure, a 5 mm-wide ring of tissue,
including the anastomosis, was removed. Half of this removed
tissue was wrapped in aluminium foil and preserved at —20°C
for later measurements of hydroxyproline, luminol and lucigenin
levels, while the other half was fixed in 10% formaldehyde for
histopathological evaluation. The amount of hydroxyproline was
determined following the methods used by Jamall et al.?"

To assess the contribution of reactive oxygen species
in 5-FU-induced colonic damage, luminol and lucigenin
chemiluminescence was measured as indicators of radical
formation. Measurements were performed at room temperature
using a portable tube luminometer (Junior LB 9509 luminometer;
EG&G Berthold, Bad Wildbad, Germany). Specimens were put
into vials containing phosphate-buffered saline (PBS)/HEPES
(4-[2-hydroxyethyl]-1-piperazineethanesulfonic acid) buffer
(0.5 M PBS containing 20 mM HEPES, pH 7.2). Reactive oxygen
species were quantified after the addition of enhancers, lucigenin
or luminol, to a final concentration of 0.2 mM. Luminol detects a
group of reactive oxygen species (i.e. hydroxyl [¢OH], hydrogen
peroxide [H,0,] and hypochlorous acid [HOCI] radicals), while
lucigenin is selective for the superoxide radical (¢O,").%**» Counts
were obtained at one-minute intervals, and the results were given
as area under the curve for a counting period of five minutes.
Counts were corrected for wet tissue weights and expressed as
relative light units (RLU/mg tissue).?*

Plasma levels of tumour necrosis factor-alpha (TNF-a) and
interleukin-1 beta (IL-1p) were quantified according to the
manufacturer’s instructions and guidelines using enzyme-linked
immunosorbent assay kits specific to the previously mentioned
rat cytokines (BioSource International, Nivelles, Belgium). The
total antioxidant capacity in plasma was measured by using
the colourimetric test system (ImAnOx, catalogue no. KC5200,
Immundiagnostik AG, Bensheim, Hessen, Germany), according
to the instructions provided by the manufacturer. These particular
assay kits were selected because of their high degree of sensitivity,
specificity, inter- and intra-assay precision, and the small amount
of plasma sample required to conduct the assay.

For light microscopic analysis, samples from the colon were
fixed in 10% buffered formalin for 48 hours, dehydrated in

ascending alcohol series and embedded in paraffin wax. Sections
with a thickness of approximately 5 mm were stained with
haematoxylin and eosin for general morphology. For scanning
electron microscopic investigation, the samples were fixed in
4% phosphate-buffered glutaraldehyde (0.13 M, pH 7.4) for four
hours and post-fixed with 1% osmium tetroxide for one hour,
dehydrated in graded alcohol series, put into amyl acetate, dried
with liquid carbon dioxide under pressure with a critical point
dryer (Bio-Rad E 3000; Bio-Rad Laboratories, Clinical Diagnostics
Distributor, Sahinbey, Gaziantep, Turkey) and covered with
gold particles (Bio-Rad SC502; Bio-Rad Laboratories, Clinical
Diagnostics Distributor, Sahinbey, Gaziantep, Turkey). Sections
were observed under a photomicroscope (Olympus BH 2;
Olympus Optical Co Ltd, Tokyo, Japan) or a scanning electron
microscope (SEM; Jeol Ltd 7200 JSM, Tokyo, Japan) by an
experienced histologist who was unaware of the experimental
groups.

Histopathological and biochemical observations were made
by a histopathologist and biochemist who were blinded to the
groups. Statistical analyses were performed using PASW Statistics
for Windows version 18.0 (SPSS Inc, Chicago, IL, USA). The
results were analysed using Kruskal-Wallis one-way analysis of
variance with Tukey test. A p-value < 0.05 was considered to be
statistically significant.

RESULTS

During the trial, the site of bursting was outside the anastomosis
line in four rats: one in the control group, one in the melatonin
group and two in the 5-FU group. These rats were excluded from
the study. In the following days, new trials were held in the same
conditions and rat numbers of all groups were raised to eight.

All parameters in the control and melatonin groups were
similar except for hydroxyproline levels, which were higher in
the melatonin group than in the control group (p < 0.01; Table I).
Bursting pressure in the 5-FU group was significantly lower when
compared to the control (p < 0.01) and 5-FU+melatonin (p < 0.05)
groups. Hydroxyproline levels in the 5-FU group were significantly
lower than in the control and 5-FU+melatonin groups (p < 0.05 for
both). Luminol levels in the 5-FU group were significantly higher
than in the control and 5-FU+melatonin groups (p < 0.001 for
both). Lucigenin levels in the 5-FU group were significantly higher
than in the control (p < 0.001) and 5-FU+melatonin (p < 0.01)
groups. Serum TNF-a levels in the 5-FU group were significantly
higher than in the control and 5-FU+melatonin groups (p < 0.05
for both). Likewise, serum IL-1f levels in the 5-FU group were
significantly higher than in the control and 5-FU+melatonin
groups (p < 0.05 for both).

On histopathological assessment, the inflammation that was
seen along the incision line in the control group (Fig. 1) was
observed to be significantly decreased in the melatonin group
(Fig. 2). In the 5-FU group, the incision line was not distinct,
and severe inflammation and necrosis was observed (Fig. 3).
Administration of melatonin resulted in morphological distinction
of the incision line and regression of inflammation (Fig. 4).
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Table I. Mechanical and biochemical parameters of anastomosis healing.

Variable Group (mean * standard error)
Control Melatonin 5-FU 5-FU+melatonin

Anastomotic bursting pressure (mmHg) 135.40+8.70 165.00 + 2.90 104.40 + 4.40* 126.40 + 4.30°
Tissue level

Hydroxyproline (mg/g protein) 0.55 +0.06 0.98 +£0.13* 0.23 +0.031 0.49 + 0.06°

Luminol chemiluminescence (RLU/mg) 12440 +£11.90 104.40 £ 15.10 244.70 + 27.50¢ 120.00 + 13.90**

Lucigenin chemiluminescence (RLU/mg) 135.50+6.30 109.20 +5.50 308.00 + 33.60¢ 186.50 + 15.20%*
Plasma level

TNF-at assay (pg/mL) 52.90 = 2.90 4410+ 2.70 67.20 + 4.301 54.10 + 2.40°

IL-1B assay (pg/mL) 36122 323+16 460 + 30° 365+ 11°

Compared to control group, *p < 0.01, Tp < 0.05, #p < 0.001. Compared to 5-FU group, §p < 0.05, p < 0.001, **p < 0.01. 5-FU: 5-fluorouracil; IL-10: interleukin-1 beta;

RLU relative light unit; TNF-0L: tumour necrosis factor-alpha

Fig. 1 Photomicrograph of control group rat specimen shows severe
inflammation in the lamina propria (arrow), polymorphonuclear leucocytes
(arrowhead) and capillary vessels (*) (Haematoxylin & eosin, x 10).

Fig. 2 Photomicrograph of melatonin group rat specimen shows regressed
inflammation in the lamina propria (arrow) and gland structure (*)
(Haematoxylin & eosin, x 20).

Fig. 3 Photomicrograph of 5-fluorouracil group rat specimen shows
anastomosis line (arrowheads) alongside the lamina propria, with
inflammation (arrow) and necrosis (*) (Haematoxylin & eosin, x 20).

DISCUSSION

Our main finding was that the adverse effects of preoperative
5-FU administration on colonic anastomosis can be attenuated
by postoperative melatonin treatment. Anastomosis leakage
in colorectal surgery is an important cause of morbidity and
mortality.?>2® There have been many clinical and experimental
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Fig. 4 Photomicrograph of 5-fluorouracil and melatonin group rat specimen
shows apparent anastomosis line (arrowhead), apparent epithelial structure
(arrows) and regressed inflammation (*) (Haematoxylin & eosin, x 20).

trials investigating the effects of surgical procedures or adjuvant
therapy modalities on wound healing and anastomosis leakage.
The adverse effects of preoperative neoadjuvant therapies
on anastomosis are controversial. While many authors have
suggested that preoperative neoadjuvant therapies do not affect
the integrity of anastomosis, others proposed that colonic healing
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may be impaired when preoperative therapies are applied, as we
have shown in our study.?3%

The findings of previous studies about the effect of melatonin
on wound healing are also controversial. Drobnik and Dabrowski
reported that pinealectomy induced elevation of collagen content
in wounds, while dose-dependent melatonin suppressed this
effect.® In another study about the effects of pinealectomy on
wound healing, Bulbuller et al found that melatonin administration
delayed wound healing and decreased collagen synthesis.®® In
contrast to these findings, other studies have suggested that
melatonin administration increased collagen synthesis and had
a positive effect on wound healing. Pugazhenthi et al showed
that melatonin decreased the amount of inducible nitric oxide
synthase enzyme, increased the synthesis of angiogenesis and
collagen, and thus accelerated wound healing in a rat model.%
Therefore, in the present study, we aimed to investigate the
effects of melatonin on colonic anastomosis in rats that were
preoperatively treated with 5-FU.

Bursting pressure indicates growing anastomotic strength, as
long as disruption occurs within the anastomotic area in the first
week following surgery for the bursting pressure.®*3® Biert et al
identified that the bursting site was mostly outside the suture line in
their control group, while treatment with postoperative 5-FU led to
weakening of the anastomosis, as indicated by a shift in the bursting
site to the anastomotic area and reduced mean values.®" Bozdag
et al showed that preoperative treatment with intraperitoneal 5-FU
can impair colonic healing in the anastomosis line, as indicated
by reduced mean values of anastomotic bursting pressure.®® In
our study, bursting pressure was measured on Postoperative Day
7 and bursting outside the anastomosis line was observed in four
rats — one in the control group, one in the melatonin group and
two in the 5-FU group. Bursting pressure in the 5-FU group was
significantly lower when compared to the control group and this
decrease was mitigated by melatonin treatment.

One of the methods for evaluation of anastomotic healing is
analysis of hydroxyproline levels, which is an important indicator
of collagen synthesis.®*3? Kuzu et al reported that anastomotic
hydroxyproline content was significantly decreased after 5-FU
therapy.®® However, these authors did not observe any effect
on the clinical outcome of colonic anastomosis. On the other
hand, Biert et al found that anastomotic hydroxyproline levels
were higher in rats that received preoperative irradiation and
postoperative 5-FU.C" In our study, hydroxyproline levels were
significantly decreased in the 5-FU group, and this effect of 5-FU
was prevented by the administration of melatonin.

Reactive oxygen species radicals arise from inflammation and
immune-mediated injury.“>*" Luminol detects the H,0,, *OH,
hypochlorite (OCI), peroxynitrite (OONO-) and lipid peroxyl
radicals, while lucigenin is selective for ¢O,radicals.*¥ To the
best of our knowledge, no study in the literature has investigated
luminol and lucigenin levels at the anastomosis line. In our
study, free oxygen radical levels were measured in the colon
anastomosis tissue using the chemiluminescence method. We
found that luminol and lucigenin levels were significantly higher
in the 5-FU group than in the control group. However, melatonin

treatment prevented this oxidative stress caused by preoperative
5-FU therapy.

TNF-o and IL-1P have an important role in the regulation of
inflammation and their cytotoxic effects.“? Neutrophils secrete
free oxygen radicals in inflammation and trauma and a set of
lysosomal enzymes as well as cytokines, such as TNF-ocand IL-1f3,
when they are stimulated.“? In our study, serum TNF-oc and IL-1f
levels were increased in the 5-FU group when compared to the
control group, and were significantly decreased after melatonin
treatment. This showed that the activation and infiltration of
neutrophils, which play a precipitating role in tissue damage,
had been inhibited by melatonin and consequently resulted in a
decreased inflammatory response.

Kuzu et al, who investigated the effects of chemotherapy
and radiotherapy on colonic anastomotic healing by evaluating
histopathological parameters, determined that inflammatory
exudates and necrosis persist while granulation tissue formation is
delayed after such protocols.“? In our study, the incision line was
histopathologically distinct and necrosis was not detected in the
melatonin group. Inflammatory cell infiltration in the anastomosis
line and decrease in neutrophils were identified following
melatonin treatment. This histopathological finding showed that
melatonin has a positive effect on colonic anastomotic healing.
In the 5-FU group, the incision line was not distinct, and a severe
increase in inflammation and necrotic areas was identified. It
was observed that melatonin therapy following administration
of 5-FU resulted in a distinct incision line, and regression of
inflammation and necrosis.

In conclusion, our study suggests that preoperative
chemotherapy has negative effects on colonic anastomotic
healing. These detrimental effects of chemotherapy on the
mechanical, biochemical and histopathological parameters
of anastomosis healing may be attenuated by postoperative
melatonin therapy.
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