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ABSTRACT

BACKGROUND: This study aimed to evaluate the healing effects of adipose tissue-derived mesenchymal stem cells (AT-MSC) and
sildenafil citrate alone or in combination of colon anastomosis experimental model.

METHODS: A total of 40 female Wistar rats were randomly distributed to four groups: Control (without any intervention post-anas-
tomosis), stem cell (AT-MSC injection on the anastomosis site), SIL (oral gavage of 10 mg/kg sildenafil citrate), and stem cell + SIL
(AT-MSC injection and oral administration of sildenafil citrate) groups. Rats were euthanized 5 days post-anastomosis. Intra-abdominal
adhesion status and anastomotic burst pressure were measured to assess anastomotic healing. Hydroxyproline and TNF-a. level, neu-
trophil leukocyte infiltration, epithelial regeneration, and necrosis in the anastomosis tissue were examined.

RESULTS: Anastomosis leakage and anastomosis burst pressure were not different among the groups. Treatment with sildenafil,
stem cell, and stem cell + SIL reduced the degree of perianastomotic adhesions compared to control (p<0.05). A significant increase
was noted in hydroxyproline in the stem cell and stem cell + SIL groups (p=0.001). AT-MSC injection alone or in combination with
sildenafil citrate reduced the TNF-a concentration at the anastomosis site (p=0.001). Histopathological examination revealed that all
treatments enhanced the clearance of the necrotic debris, reduced leukocytes infiltration, and accelerated the retraction of anastomo-
sed ends except control (p=0.001). Epithelial regeneration was more pronounced in the stem cell group than other groups (p=0.001).
Macrophage density was lower in groups treated with the SIL or stem cell groups than the control and stem cell + SIL groups (p=0.001).

CONCLUSION: Sildenafil citrate and/or AT-MSC in the anastomosed rats promoted the anastomosis healing that was more pro-
nounced in groups receiving stem cell injections.
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INTRODUCTION

still troublesome situations that could cause hazardous con-

Colorectal surgical interventions may be indicated for several
reasons such as cancer, diverticulitis, or inflammatory bowel
diseases.["! As the surgical experience and the use of staplers
increase, more surgeries end up with anastomoses instead
of diverting stomas. However; anastomotic leaks (ALs) are

sequences. All problems caused by AL results in impaired
colon functionality and longer hospital stay that could even
extend to death.’! The incidence of AL ranges between
3 and 20%.!"! Those force clinicians to invest new probable
techniques for reducing occurrence of AL.[!

Cite this article as: Demir M, Yilmaz EM, Ipek E, Yenisey C, Tunca R, Cevikel MH, et al. Effects of adipose tissue-derived mesenchymal stem
cells and/or sildenafil citrate in experimental colon anastomosis model. Ulus Travma Acil Cerrahi Derg 2022;28:1373-1381.
Address for correspondence: Murat Demir, M.D. EEE
Basaksehir Cam ve Sakura $ehir Hastanesi, Genel Cerrahi Klinigi, istanbul, Turkiye o
Tel: +90 212 - 909 60 00 E-mail: muratdemir57@gmail.com [=] #5505
Ulus Travma Acil Cerrahi Derg 2022;28(10):1373-1381 DOI: 10.14744/tjtes.2021.57500 Submitted: 09.05.2021 Accepted: 13.07.2021
Copyright 2022 Turkish Association of Trauma and Emergency Surgery

Ulus Travma Acil Cerrahi Derg, October 2022, Vol. 28, No. 10 1373


https://orcid.org/0000-0003-3097-1441
https://orcid.org/0000-0002-0808-5067
https://orcid.org/0000-0002-5247-5222
https://orcid.org/0000-0001-7693-641X
https://orcid.org/0000-0003-0004-7485
https://orcid.org/0000-0002-5947-9656
https://orcid.org/0000-0002-2106-9731

Demir et al. Effects of AT-MSC and/or sildenafil citrate in experimental colon anastomosis model

Stem cell therapy promotes wound healing through immu-
nomodulative, secretory, and trophic functions.”® Past stud-
ies have shown promising efficacy of adipose tissue-derived
mesenchymal stem cells (AT-MSCs) on healing various tissues,
such as cardiac muscle, skin, and esophagus.®'"! In colorec-
tal anastomosis models, transplantation of AT-MSC through
biosuture,l'? serosal injection,!'s] or cell sheets!'*'*! has shown
complete failure in wound healing. Therefore, further studies
are warranted to ascertain the precise outcomes of AT-MSC
therapy in colorectal anastomosis models.

Anastomosis healing is affected by several factors including
blood supply and tissue oxygenation.!'! Poor blood supply
or inadequate vascularization may aggravate the risk of com-
plications including AL.I'”? Sildenafil promotes wound healing
through increasing the tissue perfusion.['® Many studies were
done to investigate the sildenafil effect on wound healing pro-
cess for colorectal anastomosis models; however, all of them
were inconclusive.l'*22

Because of this uncertainty in the literature, we conducted
this study in rat models to evaluate definite effects of AT-MSC
and sildenafil citrate either single or combination therapy on
colorectal anastomosis.

MATERIALS AND METHODS

Primary End Point

There are several studies that advocate the preventive ef-
fects of AT-MSC injection or sildenafil citrate monotherapies.
Hence, there is a possible cumulative effect on healing for
combination of these two modularities. In this study, we want
to evaluate whether the cumulative effect of AT-MSC and
sildenafil citrate combination is better than monotherapies
on anastomosis healing.

Animals and Experimental Design

All interventions, procedures, and practices were approved by
the local ethical committee before the study through letter
no. 2018/18. A total of 44 female Wistar albino rats (240-330
g) were maintained under conventional rearing conditions.
Ad libitum feed and water were provided throughout the ex-
periment. Four rats were used for claiming AT-MSC samples
and excluded for group stratification.

Rats were randomly distributed into four groups (n=10).
All rats in each group underwent end-to-end anastomosis
on the descending colon following a full-thickness incision.
One group left untreated after anastomosis and served as
the control group. The second group (SIL group) received 10
mg/kg/day sildenafil citrate by oral gavage starting 2 days be-
fore colon anastomosis until the end of experiment. AT-MSC
was injected at the proximal and distal ends of anastomosed
colon immediately after the anastomosis before suturing the
laparotomy site for the third group (stem cell group). The
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fourth group (stem cell + SIL group) received combined ther-
apy. Sildenafil and AT-MSC in the stem cell + SIL group were
administered the same way as in the SIL and stem cell groups.
The duration of the experiment was 5 days. At the end of ex-
periment, all the rats were euthanized by cervical dislocation
under general anesthesia.

AT-MSC Culture Preparation and Characterization

Stem cells were prepared from the adipose tissue of four
rats (exclusive of the study groups) according to the method
outlined by Zhu et al.l®! followed by identification using flow
cytometer (BD FACSCalibur, Becton Dickinson, NJ, US) and
marking with |,1’-dioctadecyl-3,3,3', 3'-tetramethylindocar-
bocyanine perchlorate.

End-to-end Anastomosis of Descending Colon

The rats were subjected to 12 h fasting before the surgical
intervention. Following a midline incision under general anes-
thesia, end-to-end anastomosis of descending colon was con-
ducted. Each rat in the stem cell and stem cell + SIL groups
received 0.1 ml AT-MSC (4% 10° AT-MSC per 0.1 ml) injections
into the proximal and distal ends of anastomosed colon. The
laparotomy incisions were closed with 3/0 silk.

Macroscopic Observations

Following euthanasia of the rats, colon segments were divid-
ed in 2 cm length from each proximal and distal ends of anas-
tomosis. Intra-abdominal adhesions were evaluated by visual
scoring according to Houston and Rotstein.*! Anastomosis
burst pressure was measured according to the method de-
scribed by Pehlivanl et al.® The excised colon was longitudi-
nally cut into two parts. One portion was fixed in 10% neu-
tral buffered formalin for 24—48 h; other portion was stored
at —80°C for further biochemical analysis.

Biochemical Analysis

Colon tissues were homogenized; hydroxyproline and TNF-a
concentrations were measured in each sample through the
method of Reddy and Enwemeka®! and ELISA (Cat No:
E-EK-R0019, Elabscience, TX, US), respectively.

Histopathology

Fixed colon tissues were passed through graded alcohols,
cleared in xylene, embedded in paraffin, sectioned in 5pm
thickness, and stained with hematoxylin and eosin (H&E).
The sections were evaluated under a light microscope (B x
51, Olympus, Japan). Histopathological changes at the anas-
tomosis site were scored in terms of neutrophil leukocyte
infiltration, epithelial regeneration, and necrosis of muco-
sal layer according to the method described by Irkorucu et
al.2"! with minor modification for epithelial regeneration.
Necrosis of mucosal layer and neutrophil leukocyte infiltra-
tion was scored as (-) absence, (+) mild, (++) moderate, and
(+++) severe. Epithelial regeneration was scored as 0 = no
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epithelization; | = coverage of granulation tissue by a single
layer of epithelial cells at wound edges; 2 = nearly complete
to complete coverage of granulation tissue by a single layer
of epithelial cells; and 3 = complete epithelial regeneration
with glandular epithelium. The gap between the mucosal
edges of the anastomosis site was also measured. The H&E
sections were examined under the 40% objective. The mea-
surement was performed for three sections and the average
was calculated. Identification of macrophages was ensured
by staining the colon sections with macrophage-specific Ibal
antibodies using the immunohistochemical method to avoid
confusion between fibroblast and endothelial cells. The de-
tails are given in the immunohistochemical staining section.
Collagen accumulation at the anastomosis site was evaluat-
ed using a more specific hydroxyproline test instead of H&E
staining.

Immunohistochemistry

The colon sections were stained with macrophage-specific
Ibal primary antibody using a polymer-based detection meth-
od. Following initial preparation, sections were incubated with
the primary antibody against Ibal (Wako, 013-27691, Japan)
at a dilution of 1:2000 for 60 min at room temperature. Sub-
sequently, sections were incubated with Rabbit-on-Rodent
HRP-Polymer (Catalog #RC542, Biocare, USA) for 60 min at
room temperature. The peroxidase reaction was carried out
with 3,3-diaminobenzidine tetrahydrochloride chromogen
(Thermo Fisher Scientific, US) for 5 min. All sections were
systematically evaluated under 20x% objective. The Ibal-pos-
itive cells were counted at the anastomotic site (five fields
analyzed per sample) and average was calculated.

Detection of Stem Cells Labeled with DIL

Localization of stem cells in the anastomosed site was eval-
uated in the stem cell and stem cell + SIL groups by section-
ing (5 pm thickness) the colon samples using a cryomicro-
tome. Sections were washed with Tris buffer saline-Tween
20, treated with DAPI solution for nuclear staining, mounted
with Immuno-Mount, and examined under an immunofluo-
rescence microscope (Nikon Eclipse E600) at 565 nm wave-
length.

Statistical Analysis

All statistical data were analyzed with SPSS software (Sta-
tistical Product and Service Solutions; version 25.0, IBM
Corp., Armonk, NY, US). Normality of data and homoge-
neity of variance was tested using Kolmogorov-Smirnov
test and Levene’s test, respectively. One-way ANOVA with
Tukey’s HSD post hoc test was applied to analyze the effect
of treatments. Categorical data were analyzed with Fisher’s
exact test and Chi-square test. In cases where the expect-
ed frequencies were less than 20%, Monte Carlo simulation
method was adopted to include these frequencies in the
analysis. Differences among means and frequencies were as-
sumed significant at 95% probability. Results were presented
as meantstandard deviation and frequencies in case of cat-
egorical data.

RESULTS

Anastomosis Leakage, Perianastomotic
Adhesions, and Anastomosis Burst Pressure

Table | shows the AL, perianastomotic adhesions, and anas-
tomosis burst pressure in rats. The prevalence of ALs was
not significantly different between groups. Severity of peri-
anastomotic adhesions decreased in all groups in comparison
with the control group (p=0.043). Sildenafil citrate and stem
cell alone or in combination had no effect on the anastomosis
burst pressure in rats.

Biochemical Findings

Hydroxyproline and TNF-a. levels of anastomosed colon tis-
sues are shown in Table 2. Tissue hydroxyproline concentra-
tion was greater in stem cell administered groups (stem cell
and stem cell + SIL) than other groups (p=0.001). TNF-a
concentrations were lower in groups injected with AT-MSC
(stem cell and stem cell + SIL) (p=0.001).

Assessment of Therapeutic Benefit of Treatments
on Colonic Healing Using Histological Criteria
and Immunohistochemistry

Effects of treatments on colonic anastomosis healing are pre-

Table |I. Frequency of anastomosis leakage and perianastomotic adhesions, and anastomosis burst pressure (mm/Hg) in
anastomosed colon tissues of rats treated with sildenafil, adipose tissue derived stem cells alone or in combination

Item Control SIL Stem cell Stem cell + SIL p-value

Anastomosis leakage Absent 9 10 10 0.60
Present | 0 0

Perianastomotic adhesions Mild 0? 4+ 6° 4> 0.043
Moderate 4 2 2 5
Severe 6° 420 20 I2

Anastomosis burst pressure 144.2+50.9 125.6+34.7 139.8+£38.5 153.9+£40 0.52

»bFrequencies with different superscripts within the same row are significantly different. SIL: Sildenafil citrate.
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Table 2. Hydroxyproline (ng/mg wet tissue) and TNF-a (pg/g wet tissue) levels in anastomosed colon tissues of rats treated with
sildenafil, adipose tissue derived stem cells alone or in combination

Item Control SIL Stem cell Stem cell + SIL p-value

Hydroxyproline 0.54 (0.42-0.56)* 0.54 (0.50-0.56)* 0.69 (0.61-1.10)° 0.69 (0.63-0.76)° 0.001

TNF-a 487+55.25° 479.33+68.73° 320.67+56.24* 357.67+68.6 0.001

*®Means with different superscripts within the same row are significantly different. SIL: Sildenafil citrate.

Table 3. Histopathological findings in anastomosed colon tissues of rats treated with sildenafil, adipose tissue derived stem cells
alone or in combination
Item Control SIL Stem cell Stem cell + SIL p-value
Epithelial regeneration Absent 3 0 0 0 0.001
Mild 72b< 10¢ 4> 10%¢
Moderate 0: 0: 6 0°
Neutrophil leukocyte infiltration  Mild 0: 0: 6° 320 0.001
Moderate 0: 4° 4> 7°
Severe 10° 6° 0 0c
Necrosis Mild 0° 0° 6° 23b 0.001
Moderate 0 6° 4> 8°
Severe 10° 4+ 0c 0c

*><Frequencies with different superscripts within the same row are significantly different. SIL: Sildenafil citrate.

Table 4. Histomorphometry and immunohistochemistry of Ibal of anastomosed colon tissues of rats treated with sildenafil, adipose
tissue derived stem cells alone or in combination

Item Control SIL Stem cell Stem cell + SIL p-value

Macrophage infiltration' 414.948.62° 385.5+8.09" 343.5+6.35" 425+9.19* 0.001

Gap between anastomosed ends (um) 1092.9+£91.64* 433+40.14° 159.7+38.65¢ 382.5+18.4° 0.001

*b<Means with different superscripts within the same row are significantly different. SIL: Sildenafil citrate. 'All sections were systematically evaluated under 20X objective.

The Ibal-positive cells were counted at the anastomotic site (5 fields analyzed per sample) and average was calculated.

sented in Table 3, and representative photomicrographs of
HE-stained colon sections are shown in Figure 1.

Mucosal necrosis was seen more in the control group than
in the other groups. The removal of the necrotic debris was
significantly accelerated in the stem cell and stem cell + SIL
groups. Intense neutrophil leukocyte infiltration in the anas-
tomosis region was noted in the control group. Application
of SIL, stem cell, or stem cell + SIL caused reduction in leu-
kocytic infiltration. We notice a single layer of regenerated
epithelium evolving from the intact epithelium extending to-
ward the granulation tissue surface. Only stem cell treatment
expedited the epithelial regeneration evident from the nearly
complete coverage of the granulation tissue by a single layer
of epithelium in six rats.

Macrophage infiltration and gap between anastomosed ends
are presented in Table 4. The width between anastomotic
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ends was higher in the control group than any other group,
whereas the stem cell group had narrower ends than the SIL
and stem cell + SIL groups (p=0.001). A significant decrease
in macrophage infiltration occurred in the stem cell and SIL
groups compared with the control and stem cell + SIL groups
(p=0.001). However, there was no significant difference for
macrophage infiltration which was not different between the
control and stem cell + SIL groups (Fig. 2).

DISCUSSION

As ALs cause many difficulties, clinicians are forced to discov-
er alternative solutions to reduce the risk of leak occurrence.
That is probably the reason for many clinical trials about this
topic. However, at the time we plan for our study, this is the
unique report about application of AT-MSC and sildenafil ci-
trate in combination to evaluate the healing process of anas-
tomosis. There are some other studies about positive effects
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Figure 1. Effect of adipose tissue-derived mesenchymal stem cells and sildenafil (SIL) alone or in combination on the colorectal anastomo-
sis healing in rats, H&E staining. (a) Control group; complete loss of mucosa replaced by a coagulum of eosinophilic debris in addition to
a thick zone of inflammatory infiltrate primarily of neutrophils along the base of necrotic debris as well as a thick layer of early granulation
tissue nearby the inflammatory zone. (b) SIL group; histological features similar to that of the control group, however, with lesser necrotic
debris and inflammatory infiltrates, and a single layer of epithelium extending towards the surface of granulation tissue. (c) Stem cell group;
anastomosis area almost cleared from the necrotic debris along with a nearly complete covering of granulation tissue by a single layer of
epithelium, and diminution of gap between the wound edges. (d) Stem cell + SIL group; necrotic debris and neutrophil leukocyte infiltration

e Y

seemingly lesser than the SIL group.

of monotherapies. As we present the combination of AT-MSC
and sildenafil citrate reduced the severity of perianastomotic
adhesions, Pascual et al.l'? and Morgan et al.l'! reported a
decrease in perianastomotic adhesions with the application of
AT-MSC therapy, while Ayten et al.') advocated the admin-
istration of sildenafil reduced perianastomotic adhesion after
colon anastomosis in case of intra-abdominal infection. In
contrast, some other studies had showed that failure of stem
cell injection at the anastomosis site had no effect on preven-
tion of perianastomotic adhesions.['*™'®! Similarly, sildenafil at
a dosage of 10 or 20 mg/kg failed to reduce the perianasto-
motic adhesions in rat models of ischemic colon anastomosis.
21 Moreover, no effect of stem cell and sildenafil citrate ap-
plication alone or in combination was noted on the occur-
rence prevention of AL occurrence. Similar results were also
reported by the researchers who administered stem cells!'’]
and sildenafil.2'l However, some other studies reported a de-
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crease in AL due to the application of stem cell therapy in
anastomosis models.['*'®] As we consider anastomosis burst
pressure; despite some discrete findings in the literature,['>2%
we found no significant difference between groups. In fact,
the anastomosis burst pressure remained unaffected in the
models receiving stem cell therapy or sildenafil.l'>!4!52021]
Reasons that cause these differences could be counted as fol-
lows; differences in the animal-related parameters, the mod-
els used (such as simple end-to-end anastomosis, ischemic,
or infectious models), anastomosis procedure (such as 4, 5,
or 8 primary sutures), the application method of stem cells
(such as biosutures, cell sheet, or serosal injection), as well
as the route and dosage of sildenafil citrate. Despite elevated
hydroxyproline levels in the stem cell groups (stem cell and
stem cell + SIL groups), the anastomosis burst pressure re-
mained unaffected. The hydroxyproline level indicated that
the amount of total collagen may not contribute significantly
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Figure 2. A comparison of macrophage density at the anastomosis site in rats receiving adipose tissue-derived mesenchymal stem cells
injection and sildenafil (SIL) alone or in combination. Representative photomicrographs of polymer-based immunohistochemical staining
using pan-macrophage marker Iba1. (a) Control group, (b) SIL group, (c) stem cell group, and (d) stem cell + SIL group.

to the tensile strength at the anastomosis site in comparison
with that to the construction and arrangement of collagen
matrix.?-2’

In the present study, the administration of sildenafil citrate or
stem alone or in combination decreased the degree of neu-
trophil infiltration when compared with the control group.
The decrease was more obvious in the stem cell and stem cell
+ SIL groups. Similar results were also reported in response
to the AT-MSC therapy!'® and with treatment with 20 mg/
kg sildenafil.2" Similarly, Alvarenga et al.?% reported that AT-
MSC therapy decreased the neutrophil infiltration in high-risk
anastomosis model, which was evident from the lowered my-
eloperoxidase activity at the anastomosed site. In contrast,
sildenafil showed no effect on neutrophil infiltration in incom-
plete anastomosis model (4-primary sutures), although the
neutrophil infiltration was diminished in the complete anas-
tomosis model (8-primary suture).?? This difference in the
results may be attributed to the difference in the anastomo-
sis models. TNF-a levels, a pro-inflammatory cytokine, were
lower in the stem cell and stem cell + SIL groups. Likewise, Fu

1378

et al.?" described that AT-MSC injection reduced the TNF-a
levels in rat models with colitis and Morgan et al.l'¥! reported
that AT-MSC cell sheet application downregulated the TNF-a
mRNA expression induced by the carrier (absorbable gelatin
sponge) at the anastomosed site. Similar results were also re-
ported by Alvarenga et al.?% in a high-risk anastomosis model.
These results thus confirmed the anti-inflammatory effects
of stem cells. Tissue injury attracts the inflammatory cells
that accomplish the infiltration of neutrophils as first line of
defense. These cells initiate the removal of foreign particles,
bacteria, and necrotic tissues through the production of oxy-
radicals and proteases during phagocytosis. The presence of
foreign particles, bacteria, or necrotic tissues for a prolonged
duration may result in the persistence of inflammatory re-
sponse that may damage the adjacent tissues. Sildenafil pos-
sesses wound-healing properties that are contributed by lim-
iting the inflammatory process, which was also evident from
the lower degree of neutrophil leukocyte infiltration in our
study. However, no difference in the TNF-a level was noted
between the control and SIL groups in this study. Raposo et
al.’2 demonstrated that sildenafil citrate downregulated the
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mRNA expression of IL-1f3 and IFN-y; however, it did not
affect the TNF-oo mRNA expression. Thus, sildenafil citrate
possibly causes an indirect anti-inflammatory effect through
lowering the pro-inflammatory cytokine levels at the anasto-
mosis site, which, in turn, expedited the process of wound
healing. The effectiveness of sildenafil citrate application was
further increased after combined with stem cells.

In an inflammatory response, neutrophil infiltration is fol-
lowed by macrophage infiltration, which has pro-inflammato-
ry profile, namely, M| macrophage. These macrophages con-
duct phagocytotic activities and transform into macrophages
with anti-inflammatory (M2) characteristics during the late
inflammatory phase. In addition, M2 macrophages activate fi-
broblast proliferation, angiogenesis, and re-epithelization.! In
this present study, macrophage infiltration was recorded to
be lower in groups administered with stem cells or sildenafil
citrate when compared with the control and stem cell + SIL
groups. However, macrophage infiltration was found to be
numerically greater in the stem cell + SIL group than in the
control group. According to some previous studies, AT-MSC
injection increases the infiltration of anti-inflammatory M2
macrophages in experimental anastomosis model.['>333] The
lowering of macrophage infiltration in the stem cell group
may be attributed to the indistinct identification of M| and
M2 macrophages due to the pan-macrophage marker Ibal.
Similarly, sildenafil citrate was reported to promote the po-
larization of macrophages from M| to M2.% It can thus be
speculated that sildenafil may have increased the polarization
of M| macrophages to M2 macrophages in the present study,
which was reflected in the declining macrophage infiltration
in the SIL group. Moreover, an increased macrophage infil-
tration in the stem cell + SIL group can be attributed to the
synergism of the polarization effect of stem cells and sildenafil
citrate.

Following inflammation, the proliferative phase of wound
healing process is initiated. Fibroblasts relocate to the wound
site and synthesize the collagen during this phase so as to
restore the tissue defect.”! In this study, the concentration of
hydroxyproline, which is an integral part of the collagen pro-
tein,*¥! was assessed in the anastomosed colorectal tissues.
Our results revealed that the AT-MSC therapy (stem and stem
cell + SIL groups) had greater hydroxyproline concentration
than the control and SIL groups. Similar results were also
reported previously using sildenafil?*?'l and AT-MSC thera-
py!'*'*3¥1 in anastomosis models. Our results thus confirmed
the effects of sildenafil and stem cells. AT-MSC possesses the
ability to promote the release of FGF2, which stimulates the
fibroblasts and, in turn, increases the collagen synthesis.”!
Epithelial regeneration is another event of the proliferative
phase of the wound-healing process. In our study, a mild de-
gree of epithelial regeneration was recorded in sildenafil-ad-
ministered rats (SIL and stem cell + SIL groups). However,
the rats receiving stem cells only showed relatively greater
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degree of epithelization. In addition, epithelization was com-
pletely absent in three of the 10 rats in the control group.
Cakir et al.?% reported that the administration of sildenafil in-
creased the epithelial regeneration at the anastomosis site in
incomplete anastomosed rats. Sildenafil stimulates the nitric
oxide (NO) activity, which is the regulator of angiogenesis,
inflammatory response, and epithelial regeneration. NO, in
turn, promotes the release of various cytokines and growth
factors that regulate the epithelial regeneration.*® Therefore,
in the present study, sildenafil citrate was recorded to initiate
the epithelization, resulting in a mild degree of epithelization
at the anastomosis site. In this study, negligible or a minute
quantity of DIL-labeled stem cells was seen in AT-MSC in-
jected groups. Therefore, we believe that AT-MSC may have
stimulated the epithelial regeneration due to the increased
secretory growth factors from the endogenous cells or by
themselves.B4 In this study, the administration of sildenafil
alone or in combination with AT-MSC injection decreased the
gap between the anastomosed ends, which decreased even
further in rats injected with AT-MSC alone. The reduction
in the gap between the anastomosed ends may be attribut-
ed to the increased number of myofibroblasts that facilitated
wound contraction by bridging the wound edges.?*"]

Conclusion

The study revealed that AT-MSC therapy may promote the
anastomosis wound healing by increasing the resolution of
inflammatory response, stimulating the collagen synthesis,
enhancing the re-epithelization, and by reducing the post-op-
erative adhesions with the adjoining tissues. Although, the ad-
ministration of sildenafil resolved the inflammatory response
at a faster pace than the control group, the effectiveness was
lower in comparison with the stem cell groups. Moreover,
a combined use of AT-MSC injection and sildenafil did not
enhance the effectiveness of each other to a distinct extent.

Ethics Committee Approval: This study was approved
by the Adnan Menderes University Animal Experiment Ethics
Committee (Date: 30.01.2018, Decision No: 2018/018).

Peer-review: Internally peer-reviewed.

Authorship Contributions: Concept: M.D,, EM.Y, M.H.C,;
Design: EM.Y,, R.T,, C.Y., A.E.D.; Supervision: M.H.C., A.E.D,
Resource: C.Y,, EM.Y, R.T; Materials: C.Y,, R.T,, A.E.D,; Data:
M.D, E.i; Analysis: MH.G., A.E.D; Literature search: M.D;
Writing: M.D,, E.I; Critical revision: M.D,, E.I, EEM.Y.

Conflict of Interest: None declared.

Financial Disclosure: The authors declared that this study
has received no financial support.

REFERENCES

1. Nerstrgm M, Krarup PM, Jorgensen LN, Agren MS. Therapeutic im-
provement of colonic anastomotic healing under complicated conditions:
A systematic review. World J Gastrointest Surg 2016;8:389-401.

2. Reischl S, Wilhelm D, Friess H, Neumann PA. Innovative approaches for

1379


https://doi.org/10.4240/wjgs.v8.i5.389

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Demir et al. Effects of AT-MSC and/or sildenafil citrate in experimental colon anastomosis model

induction of gastrointestinal anastomotic healing: An update on experi-
mental and clinical aspects. Langenbecks Arch Surg 2021;406:971-80.
Girard E, Messager M, Sauvanet A, Benoist S, Piessen G, Mabrut JY.
Anastomotic leakage after gastrointestinal surgery: Diagnosis and man-
agement. ] Visc Surg 2014;151:441-50. [CrossRef |

Sciuto A, Merola G, De Palma GD, Sodo M, Pirozzi F, Bracale UM, et
al. Predictive factors for anastomotic leakage after laparoscopic colorectal
surgery. World J Gastroenterol 2018;24:2247-60. [CrossRef ]

ShiJ, Wu Z,Li Z,Ji]. Roles of macrophage subtypes in bowel anastomot-
ic healing and anastomotic leakage. ] Immunol Res 2018;2018:6827237.
Chadi SA, Fingerhut A, Berho M, De Meester SR, Fleshman JW, Hyman
NH, et al. Emerging trends in the etiology, prevention, and treatment of
gastrointestinal anastomotic leakage. ] Gastrointest Surg 2016;20:2035-
51. [CrossRef]

Casteilla L, Planat-Benard V, Laharrague P, Cousin B. Adipose-derived
stromal cells: Their identity and uses in clinical trials, an update. World J
Stem Cells 2011;3:25-33. [CrossRef]

Kern S, Eichler H, Stoeve J, Kliiter H, Bieback K. Comparative analysis
of mesenchymal stem cells from bone marrow, umbsilical cord blood, or
adipose tissue. Stem Cells 2006;24:1294-301. [CrossRef ]

Cerqueira MT, Pirraco RP, Santos TC, Rodrigues DP, Frias AM,
Martins AR, et al. Human adipose stem cells cell sheet constructs impact
epidermal morphogenesis in full-thickness excisional wounds. Biomacro-
molecules 2013;14:3997-4008. [CrossRef]

Perrod G, Rahmi G, Pidial L, Camilleri S, Bellucci A, Casanova A, et
al. Cell sheet transplantation for esophageal stricture prevention af-
ter endoscopic submucosal dissection in a porcine model. PLoS One
2016;11:e0148249. [CrossRef]

Shudo Y, Miyagawa S, Ohkura H, Fukushima S, Saito A, Shiozaki M, et
al. Addition of mesenchymal stem cells enhances the therapeutic effects
of skeletal myoblast cell-sheet transplantation in a rat ischemic cardiomy-
opathy model. Tissue Eng Part A 2014;20:728—39. [CrossRef]

Pascual I, De Miguel GE, Gémez-Pinedo U, De Miguel E, Arranz MG,
Garcfa-Olmo D. Adipose-derived mesenchymal stem cells in biosutures
do not improve healing of experimental colonic anastomoses. Br ] Surg
2008;95:1180—4. [CrossRef]

Yoo JH, Shin JH, An MS, Ha TK, Kim KH, Bae KB, et al. Adipose-
tissue-derived stem cells enhance the healing of ischemic colonic anas-
tomoses: An experimental study in rats. ] Korean Soc Coloproctol
2012;28:132-9. [CrossRef ]

Morgan A, Zheng A, Linden KM, Zhang P, Brown SA, Carpenter JP,
et al. Locally transplanted adipose stem cells reduce anastomotic leaks
in ischemic colorectal anastomoses: A rat model. Dis Colon Rectum
2020;63:955—-64. [CrossRef ]

Sukho P, Boersema GS, Cohen A, Kops N, Lange JE Kirpensteijn J, et
al. Effects of adipose stem cell sheets on colon anastomotic leakage in an
experimental model: Proof of principle. Biomaterials 2017;140:69-78.
Rosendorf J, Horakova J, Klicova M, Palek R, Cervenkova L, Kural T, et
al. Experimental fortification of intestinal anastomoses with nanofibrous
materials in a large animal model. Sci Rep 2020;10:1134. [CrossRef]
Boersema GS, Wu Z, Kroese LK, Vennix S, Bastiaansen-Jenniskens YM,
Van Neck JW, et al. Hyperbaric oxygen therapy improves colorectal anas-
tomotic healing. Int J Colorectal Dis 2016;31:1031—8. [CrossRef |

Farsaie S, Khalili H, Karimzadeh I, Dashti-Khavidaki S. An old drug
for a new application: Potential benefits of sildenafil in wound healing. J
Pharm Pharm Sci 2012;15:483-98. [CrossRef]

Ayten R, Getinkaya Z, Girgin M, Ozercan I, Ustundag B, Aygen E. The
effects of intraperitoneal sildenafil administration on healing of left co-
lonic anastomoses and intra-abdominal adhesion formation in the pres-
ence of intra-abdominal infection. Dis Colon Rectum 2008;51:1837-41.
Cakir T, Ozer I, Bostanci EB, Keklik T'T, Ercin U, Bilgihan A, et al. In-
creased collagen maturity with sildenafil citrate: Experimental high risk
colonic anastomosis model. Int ] Surg 2015;13:152-6. [CrossRef]

1380

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Irkorucu O, Ucan BH, Cakmak GK, Emre AU, Tascilar O, Ofluoglu E,
et al. Does sildenafil reverse the adverse effects of ischemia on ischemic
colon anastomosis: Yes,no. Int | Surg 2009;7:39—-43. [CrossRef]

Uzun H, Konukoglu D, Nuri M, Ersoy E, Ozgevik S, Yavuz N. The ef-
fects of sildenafil citrate on ischemic colonic anastomotic healing in rats:
Its relationship between nitric oxide and oxidative stress. World J Surg
2008;32:2107-13. [CrossRef ]

Zhu M, Heydarkhan-Hagvall S, Hedrick M, Benhaim P, Zuk P. Manual
isolation of adipose-derived stem cells from human lipoaspirates. J Vis
Exp 2013;79:50585. [CrossRef ]

Houston KA, Rotstein OD. Fibrin sealant in high-risk colonic anasto-
moses. Arch Surg 1988;123:230—4. [CrossRef]

Pehlivanli F, Aydin O, Karaca G, Aydin G, Devrim T, Bulut H, et al.
Healing of ischemic colon anastomosis in rats could be provided by ad-
ministering dexpanthenol or coenzyme Q10. ] Clin Med 2018;7:161.
Reddy GK, Enwemeka CS. A simplified method for the analysis of hydrox-
yproline in biological tissues. Clin Biochem 1996;29:225-9. [CrossRef]
Christensen H, Oxlund H. Growth hormone increases the collagen
deposition rate and breaking strength of left colonic anastomoses in rats.
Surgery 1994;116:550-6.

Martens Mf, Hendriks T. Postoperative changes in collagen synthesis in
intestinal anastomoses of the rat: Differences between small and large
bowel. Gut 1991;32:1482~7. [CrossRef ]

Rabau MY, Hirshberg A, Hiss Y, Dayan D. Intestinal anastomosis heal-
ing in rat: Collagen concentration and histochemical characterization
by picrosirius red staining and polarizing microscopy. Exp Mol Pathol
1995;62:160-5. [CrossRef]

Alvarenga V Jr., Da Silva PT, Bonfd ND, Pégo B, Nanini H, Bernardazzi
C, et al. Protective effect of adipose tissue-derived mesenchymal stromal
cells in an experimental model of high-risk colonic anastomosis. Surgery
2019;166:914-25. [CrossRef]

Fu ZW, Zhang ZY, Ge HY. Mesenteric injection of adipose-derived
mesenchymal stem cells relieves experimentally-induced colitis in rats by
regulating Th17/Treg cell balance. Am ] Transl Res 2018;10:54—6.
Raposo C, Nunes AK, Luna RL, Aratijo SM, Da Cruz-Héfling MA,
Peixoto CA. Sildenafil (Viagra) protective effects on neuroinflammation:
the role of iNOS/NO system in an inflammatory demyelination model.
Mediators Inflamm 2013;2013:321460. [CrossRef ]

Georgiev-Hristov T, Garcfa-Arranz M, Garcia-Gémez I, Garcia-Cabezas
MA, Trébol ], Vega-Clemente L, et al. Sutures enriched with adipose-de-
rived stem cells decrease the local acute inflammation after tracheal anas-
tomosis in a murine model. Eur ] CardioThorac Surg 2012;42:e40-7.
Van de Putte D, Demarquay C, Van Daele E, Moussa L, Vanhove C,
Benderitter M, et al. Adipose-derived mesenchymal stromal cells im-
prove the healing of colonic anastomoses following high dose of irradi-
ation through anti-inflammatory and angiogenic processes. Cell Transpl
2017;26:1919-30. [CrossRef]

Moretti R, Leger PL, Besson VC, Csaba Z, Pansiot J, Di Criscio L, et al.
Sildenafil, a cyclic GMP phosphodiesterase inhibitor, induces microglial
modulation after focal ischemia in the neonatal mouse brain. ] Neuroin-
flamm 2016;13:95. [CrossRef]

Stromberg BV, Klein L. Collagen formation during the healing of colonic
anastomoses. Dis Colon Rectum 1982;25:301—4. [CrossRef ]

Maruya Y, Kanai N, Kobayashi S, Koshino K, Okano T, Eguchi S, et
al. Autologous adipose-derived stem cell sheets enhance the strength of
intestinal anastomosis. Regen Ther 2017;7:24—33. [CrossRef]
Kulshrestha S, Chawla R, Alam MT, Adhikari J, Basu M. Efficacy
and dermal toxicity analysis of sildenafil citrate based topical hydro-
gel formulation against traumatic wounds. Biomed Pharmacother
2019;112:108571. [CrossRef]

Hinz B, Phan SH, Thannickal VJ, Prunotto M, Desmouli¢re A, Varga J,
et al. Recent developments in myofibroblast biology: Paradigms for con-
nective tissue remodeling. Am J Pathol 2012;180:1340-55. [CrossRef]

Ulus Travma Acil Cerrahi Derg, October 2022, Vol. 28, No. 10


https://doi.org/10.1007/s00423-020-01957-1
https://doi.org/10.1016/j.jviscsurg.2014.10.004
https://doi.org/10.3748/wjg.v24.i21.2247
https://doi.org/10.1155/2018/6827237
https://doi.org/10.1007/s11605-016-3255-3
https://doi.org/10.4252/wjsc.v3.i4.25
https://doi.org/10.1634/stemcells.2005-0342
https://doi.org/10.1021/bm4011062
https://doi.org/10.1371/journal.pone.0148249
https://doi.org/10.1089/ten.tea.2012.0534
https://doi.org/10.1002/bjs.6242
https://doi.org/10.3393/jksc.2012.28.3.132
https://doi.org/10.1097/DCR.0000000000001667
https://doi.org/10.1016/j.biomaterials.2017.06.011
https://doi.org/10.1038/s41598-020-58113-4
https://doi.org/10.1007/s00384-016-2573-y
https://doi.org/10.18433/J3TC7V
https://doi.org/10.1007/s10350-008-9398-x
https://doi.org/10.1016/j.ijsu.2014.11.042
https://doi.org/10.1016/j.ijsu.2008.10.003
https://doi.org/10.1007/s00268-008-9661-2
https://doi.org/10.3791/50585
https://doi.org/10.1001/archsurg.1988.01400260118015
https://doi.org/10.3390/jcm7070161
https://doi.org/10.1016/0009-9120(96)00003-6
https://doi.org/10.1136/gut.32.12.1482
https://doi.org/10.1006/exmp.1995.1017
https://doi.org/10.1016/j.surg.2019.07.023
https://doi.org/10.1155/2013/321460
https://doi.org/10.1093/ejcts/ezs357
https://doi.org/10.1177/0963689717721515
https://doi.org/10.1186/s12974-016-0560-4
https://doi.org/10.1007/BF02553601
https://doi.org/10.1016/j.reth.2017.06.004
https://doi.org/10.1016/j.biopha.2019.01.032
https://doi.org/10.1016/j.ajpath.2012.02.004

Demir et al. Effects of AT-MSC and/or sildenafil citrate in experimental colon anastomosis model

DENEYSEL CALISMA - 6Z

Deneysel kolon anastomozu modelinde adipoz kékenli mezenkimal kok hiicrelerin
ve/veya sildenafil sitratin etkileri
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AMAC: Bu galismada, adipoz kokenli mezenkimal kok hiicrelerin (AT-MSC) ve sildenafil sitratin tek basina veya kombine edilerek deneysel kolon
anastomozu modeline iyilestirici etkilerinin degerlendiriimesi amaglandi.

GEREC VE YONTEM: Toplam 40 disi Wistar cinsi sican rastgele dort gruba dagitildi: Kontrol grubu (anastomoz esnasinda ve sonrasinda herhangi
bir miidahale olmayan), kok hiicre (anastomoz bélgesine AT-MSC enjeksiyonu yapilan), sildenafil sitrat (10 mg/kg sildenafil sitratin oral gavaji uygu-
lanan) ve kok hiicre + sildenafil sitrat (AT-MSC enjeksiyonu ve sildenafil sitratin oral uygulamasi) grubu. Tim siganlar anastomoz sonrasi besinci giin
sakrifiye edildi. Anastomoz iyilesmesini degerlendirmek igin, karin igi yapisiklik durumu ve anastomoz patlama basinci dlglildi. Doku 6rneklerinde
hidroksiprolin ve TNF-a diizeyi, nétrofil I6kosit infiltrasyonu, epitel rejenerasyonu ve nekroz miktari incelendi.

BULGULAR: Gruplar arasinda anastomoz kagagi ve anastomoz patlama basinci 6lgtimlerinde anlamli fark yoktu. Sildenafil, kok hiicre ve kok hiicre
+ sildenafil ile tedavi, kontrol ile karsilastirildiginda perianastomotik adezyonlarin derecesini azaltmistir (p<0.05). K&k hiicre ve kok hiicre + sildenafil
gruplarinda hidroksiprolin diizeyinde 6nemli bir artis kaydedildi (p=0.001). AT-MSC enjeksiyonu tek basina veya sildenafil sitrat ile kombinasyon
halinde anastomoz bdlgesinde TNF-a konsantrasyonunu distirmistiir (p=0.001). Histopatolojik inceleme, kontrol grubu ile karsilastirildiginda
sildenafil ve kok hiicre uygulamalarinin nekrotik dokularin temizlenmesini arttirdigini, I6kosit infiltrasyonunu azalttigini ve anastomoz uglarinin bir-
lesimini hizlandirdigini ortaya koydu (p=0.001). Epitel rejenerasyonu, kok hiicre grubunda diger gruplara gére daha belirgindi (p=0.001). Makrofaj
yogunlugu, sildenafil veya kok hiicre gruplari ile tedavi edilen gruplarda kontrol ve kok hiicre + sildenafil gruplarina gore daha distktl (p=0.001).
TARTISMA: Kolon anastomozu yapilan siganlarda sildenafil sitrat ve/veya AT-MSC uygulamalari, 6zellikle kok hiicre uygulanan gruplarda daha be-
lirgin olacak sekilde anastomoz iyilesmesine katki sagladi.

Anahtar sozclikler: Anastomoz patlama basinci; hidroksiprolin; kolon anastomozu; kok hiicre, sildenafil sitrat, yara iyilesmesi.
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