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The effect of Dermalix® on colon anastomosis leakage: 
experimental study

 Şiyar Ersöz, M.D.,  Yasemin Konuk, M.D.

Department of General Surgery, Ankara University, Ankara-Türkiye

ABSTRACT

BACKGROUND: This study aimed to evaluate the effect of Dermalix® (Dx) on wound healing and anastomotic leakage in a rat 
model of end-to-end colon anastomosis. 

METHODS: The study was carried out on 40 rats, as divided into three groups, including a negative control group (n=10, laparotomy 
only) control group (n=15, colon anastomosis), and the experimental group (n=15, colon anastomosis plus Dx applied to anastomo-
sis site). The rats were sacrificed on the 3rd post-operative day, and resected colon segments were evaluated for bursting pressure 
(mmHg) using an infusion pump set-up and for pathological parameters of wound healing including neutrophil infiltration, epithelial 
regeneration, granulation tissue formation, local inflammatory response, neovascularization, and foreign body reaction. 

RESULTS: Anastomotic leakage rate was significantly lower (1 rat vs. 6 rats, P=0.040). Moreover, mean bursting pressure was signifi-
cantly (2.95 times) higher (mean 121 vs. 41 mmHg, respectively, P<0.05) in the Dx experimental group than in the control group. Dx 
was considered to significantly accelerate wound healing by increasing neovascularization (P<0.001). Control and experimental groups 
were similar in terms of other pathological parameters. 

CONCLUSION: Based on significantly lower rate of anastomotic leakage and its positive effects especially on the bursting pressure 
and neovascularization, Dx seems to be considered as a promising technology in preventing anastomotic leakage.
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INTRODUCTION

Anastomotic leakage is a frequent and serious complication of 
bowel surgery. Increased risk of surgical morbidity and mor-
tality, longer duration of hospital stay, increase in local recur-
rence rates, decrease in quality of life, and poor prognosis are 
considered among the critical post-operative complications 
related to anastomotic leakage. Accordingly, several experi-
mental and clinical studies have been conducted to address 
early diagnosis and prevention of anastomotic leakage after 
intestinal and colorectal surgeries.

Resveratrol (RSV), a natural compound with strong antioxi-
dant properties, stimulates cellular proliferation by inducing fi-
broblast functions and collagen synthesis.[1] Collagen, chitosan, 

hyaluronic acid (HA), fibrin, and gelatin are natural compo-
nents used as raw materials in the production of biomimetic 
agents, which are used for the repair and reconstruction of 
various tissues.[2] Collagen, forming the main extracellular ma-
trix protein of skin, tendon, and ligaments in particular, has 
been investigated in different phases of wound healing and 
is available on the market in several forms such as hydrogel/
sponge.

In recent years, other extracellular matrix components such 
as glycosaminoglycans and fibrous proteins have also become 
included among the ingredients of products with wound-heal-
ing effects. These materials enable tissue repair by improving 
the new cell formation, cell migration, and intercellular adhe-
sion.[3]
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Dermalix® (Dx), which is produced in the light of recent de-
velopments in the field of tissue repair, contains collagen as 
fibrous component, laminin as a cell adhesion protein, and HA 
as a glycosaminoglycan derivative, while lipid dipalmitoylphos-
phatidylcholine forms the microparticle structure of cell mem-
brane. All of these components have synergistic effects on 
tissue repair.[4]

Dx is designed to include such components that strengthen 
the effect of antioxidants and protect the delicate balance of 
wound environment. Its three-dimensional (3D) structure is 
formed by impregnating the porous texture of collagen-lam-
inin with RSV-loaded HA/DCCP microparticles. While con-
tains no preservatives or fragrance ingredients, it is a product 
subjected to gamma irradiation sterilization. It has a shelf life 
of 2 years at room temperature.

On the basis of the existing data, this study was designed to 
evaluate the effect of Dx product on wound healing, particu-
larly on anastomotic site; in a rat model of end-to-end colon 
anastomosis.

MATERIALS AND METHODS
Animals

Before the clinical studies, the effect of the study product 
(Dx) on anastomotic leakage was planned to be investigated 
in a preclinical experimental study. Rattus norvegicus was the 
selected rat strain for the experiments, providing a phylo-
genetic basis and a highly convenient physiological model to 
mimic the condition in the human or animal body, as well 
as having a proper tissue, size, and anatomy suitable for the 
experimental study. The same strain was used in the previous 
studies which formed the basis of the present study.

The study protocol was approved by the Ankara University 
Animal Experiments Local Ethics Committee (Protocol no: 
2022-6-57).

The study was conducted in September 2022 at the Animal 
Experiments Laboratory of Ankara University Faculty of Med-
icine. The power analysis performed before the study revealed 
that at least 70 rats are necessary in total for a two-group 
end-to-end anastomosis study to achieve a significance level 
of 0.05 and 95% power. However, given that the experimental 
model is to be studied for the 1st time with the use of a mate-
rial that was never investigated before, it was decided to con-
duct preliminary experiments with a smaller sample due to 
the risk of inactivity or unforeseen adverse effects. Therefore, 
the number of animals to be used in the study was designated 
as 40. The study was carried out on 40 rats, as divided into 
three groups, including control group (n=15), experimental 
group (n=15), and a negative control group (n=10).

Surgical Procedure

All operations were carried out under appropriate anesthesia 
using sterile surgical techniques. During the operation, the 
sigmoid colon was divided 5 cm from the cecum and then 

end-to-end anastomosis was applied manually. A single-layer 
end-to-end anastomosis was created using 8–10 interrupted 
sutures (6–0 polypropylene) (Fig. 1).

In the negative control group, rats underwent laparotomy 
without any additional procedures and not exposed to ex-
perimental treatment. Negative control group was formed 
because the planned experiment was never done before and 

Figure 2. End-to-end colon anastomosis using simple interrupted 
suturing in the control group.

Figure 1. (a) Location of midline incision, (b) Shape of incision, (c) 
Preparation of colon for anastomosis, and (d) Anastomosis pro-
cedure.

(a)

(c)

(b)

(d)
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aimed to evaluate the principles of the experimental model 
rather than the effect on treatment.

In the control group, anastomosis operation was followed by 
the primary closure in accordance with the anatomic position 
(Fig. 2).

In the experimental group, after anastomosis, a 1 × 1 cm Dx 
(Fig. 3) wound material was wrapped around the anastomo-
sis, keeping the anastomosis line in the middle and the opera-
tion was finalized with primary closure in accordance with 
the anatomic position (Fig. 4).

Each group was kept separately in appropriate environmental 
conditions and checked daily. Three days after the operation, 
the rats were anesthetized and laparotomy was applied once 
again. The presence of intraabdominal fecal peritonitis and de-
hiscence of anastomosis line with or without accompanying ab-
scess were considered to indicate anastomotic leakage (Fig. 5).

In the control and experimental groups, anastomosis seg-
ment, 3 cm in length, involving the anastomosis site was 
resected. Afterward, rats were sacrificed by thoracic aorta 
dissection.

The resected colon segment was cleaned with saline and the 
distal end was closed with 4/0 silk sutures (Fig. 6). An infu-

Figure 3. Dermalix®.

Figure 4. End-to-end colon anastomosis covered with Dermalix® 
in the experimental group.

Figure 6. Resected colon segment.

Figure 5. Laparotomy performed on the post-operative 3rd day. 
(a) Appearance of anastomosis in the control group and (b) Ap-
pearance of anastomosis in the experimental group (covered with 
Dermalix®).

(a)

(b)
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sion pump set-up equipped with a manometer that measures 
the pressure (mmHg) was prepared and a cannula was placed 
at the proximal end of the colon. After the preparation of 
the set-up, the colon segment was placed in a water-filled 
container and inflated using the infusion pump. Thus, a set-
up that enables air-water test was formed, and by gradually 
increasing the pressure, the pressure that caused anastomotic 
leakage was recorded (Fig. 7).

After the bursting pressure measurement, a 1-cm segment 
that included the anastomosis line at the midline was re-
moved. After washing with 0.9% sodium chloride solution, 
tissues were put into 10% formaldehyde solution for fixative. 
After 12 h of formaldehyde fixation, tissues were sampled 
including the anastomosis area, and paraffin blocking was 
performed. Histopathological evaluation was performed with 
H.E stain on 6 micron sections from paraffin blocks. In the 
pathological evaluation, parameters related to the steps of 
the wound healing process such as neutrophil infiltration, 
epithelial regeneration, granulation tissue formation, local 
inflammatory response, neovascularization, and foreign body 
reaction were evaluated. Neutrophil infiltration was evalu-
ated as mild if 5–10, moderate if 11–50, and severe if >50 in 
1 HPF area. Nuclear enlargement in the epithelium, chroma-
tin coarsening, nucleolar prominence, and rare mitosis were 
considered regenerative changes and were accepted as posi-
tive (+) if observed and negative (-) if not. Fibrosis and edema 
development were evaluated for the granulation tissue and it 
was accepted as positive (+) if it was observed and negative 
(-) if it was not observed. Mononuclear inflammatory cells 
were evaluated for local inflammatory response and accepted 
as mild; if cells were between 5 and 10, as moderate between 
11 and 50 and as severe >50 mononuclear cells detected in 
an HPF area. Foreign body type giant cells and granuloma-
like structures composed of histiocytic cells were accepted as 
positive (+) and negative (-) for evaluating foreign body reac-
tion. Finally, neovascularization was also scaled as mild if 1–5 
capillaries, moderate if 6–10, and severe if >10 in one HPF.

Statistical analysis of the data obtained during assessments 
was performed and the results of the control group and ex-
perimental group were compared.

Statistical Analysis

All categorical data were presented as the number of cases 
and percentages, while continuous data were shown as either 
means ± standard deviation (SD) or median with range. Cat-
egorical data were analyzed with the Pearson Chi-square test 
and continuous data by the Mann–Whitney U-test.
Statistical analysis was performed using SPSS 23.0 and Prism 
8.0 software. P < 0.05 was considered statistically significant.

RESULTS
The study was carried out on 40 rats in three groups in-
cluding the negative control group (n=10), the control group 
(n=15), and the experimental group (n=15).

Diagnostic laparotomy was applied to the rats in the negative 
control group and no pathology/complication was detected.

Anastomotic leakage occurred in six rats in the control 
group and in one rat in the experimental group. In seven rats 
with anastomotic leakage, temperature rise and congested 
appearance in the right lower quadrant of the peritoneum 
were observed, as considered to be suggestive of peritonitis. 
Abscess formation was not detected in any of the rats with 
anastomotic leakage. The rate of anastomotic leakage was 
significantly lower in the Dx experimental group than in the 
control group (Fisher’s exact test, P=0.040) (Fig. 8).

In both control and experimental groups, completion of the 
normal wound healing process was not allowed, and the rats 
were sacrificed 3 days after the anastomosis, and the co-
lon segment including the anastomosis line was resected to 
evaluate the contribution of Dx to anastomosis. The mean 
bursting pressure measured on resected colon segments was 
41 mmHg (range, 32–100 mmHg) in the control group and 
was 121 mmHg (range, 60–220 mmHg) in the experimental 
group. Rats with anastomotic leakage were not included in 
the mean pressure measurements. The mean value of burst-
ing pressure was 2.95 times higher in the experimental group 
than in the control group, and the difference was statistically 
significant (Table 1).

Figure 7. Infusion pump set-up and bursting pressure measure-
ment. (a) Placement of colon segment to the end of infusion pump, 
(b) Measurement of bursting pressure with air-water test.

Figure 8. Anastomotic leakage ratio in experimental and control 
groups.
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Histopathological examination was performed on the re-
sected colon segments. Assessment of neutrophil infiltration, 
which is an important marker for wound healing and inflam-
mation, revealed that moderate and extensive infiltration was 
evident in 11 rats and four rats, respectively, in the control 
group, while in six rats and nine rats, respectively, in the ex-
perimental group. The difference between the two groups in 
terms of neutrophil infiltration was not found to be statisti-
cally significant on analysis with the Pearson Chi-square test 
(P=0.070).

Granulation tissue was observed in all rats after the anas-
tomosis. Epithelial regeneration started in both groups, and 
86.7% of rats in the control group and 80% of rats in the ex-
perimental group had mild regeneration. Extensive regenera-
tion was observed in the remaining rats in each group. Local 
inflammation assessment revealed similar results in control 
and experimental groups, with detection of mild inflamma-
tion in two rats, moderate inflammation in six rats, and se-
vere inflammation in seven rats, in each group.

Neovascularization, one of the processes that accelerate 
wound healing, was found to be at a mild level in 12 rats in 
the control group and to be at a moderate level in 11 rats in 
the experimental group. Therefore, Dx was considered to 
significantly accelerate wound healing by increasing neovascu-
larization (P<0.001) (Fig. 9).

Foreign body reaction was predominantly mild in both ex-
perimental (in 12 rats) and control (in 13 rats) groups with no 
significant difference between groups (P=0.500).

DISCUSSION
Anastomotic leakage is a frequent complication of intestine 
and colon operations and is associated with serious conse-

quences. Leakage prevalence ranges between 1 and 39% and 
the rate of significant leakage varies between 3 and 6%.[5] In 
our study, the rate of anastomotic leakage was found to be 
23.3% as a limitation. Although all the anastomosis have done 
by the same surgeon with the same standardization, the rea-
son of the high rate of anastomotic leakage does not known. 
However, it should be kept in mind that the data may have 
been so different because given counts were based on studies 
and compilations on humans. Since the colon wall thickness, 
lumen diameter, colonic microbiota phenotype, and even the 
diet in mice will be very different, such a comparison will not 
be a very realistic approach. However, it is aimed to apply an 
experimental model to anastomotic leaks and to investigate 
Dx efficiency on anastomosis. Several factors play a role in 
the occurrence of anastomotic leakages, such as recurrent 
abdominal surgery, intraoperative septic conditions, male 
gender, smoking/alcohol use, presence of comorbidities, and 
urgent/elective surgery in humans.[5]

In our study, a significantly lower rate of leakage was detected 
in the Dx group (1/15) than in the control group (6/15). This 
may support the hypothesis of a previous study that it re-
duces leakage by accelerating wound healing.[6]

In this study; no statistical difference was found between the 
groups in any of the parameters with histopathological find-
ings of acute and chronic inflammations[7-11] such as neutrophil 
infiltration, epithelial regeneration, granulation tissue forma-
tion, local inflammatory response, and foreign body reaction.

There is evidence demonstrating that Dx accelerates wound 
healing by supporting the growth of wound cells mechanically 
in a previous study.[11] Our data on bursting pressure mea-
surements are in line with the consideration of Dx to provide 
mechanical support. The finding of 3 times higher bursting 
pressure values in the Dx-applied experimental group of rats 
than in the control group of rats in the present study may be 
associated with mechanically supportive 3D structure of Dx.

The developed collagen matrix stimulates the angiogenesis 
and thus the granulation tissue starts to generate. In this 
study, although the granulation tissue formation was evident 
similarly in both control and experimental groups, neovas-
cularization was more prominent in the Dx group and sig-
nificantly different from the control group (P<0.001). Newly 
formed blood vessels carry more oxygen and nutrients to the 
wound site. This promotes wound healing by increasing the 
metabolic activities of cells. New blood vessels carry growth 

Figure 9. Histopathological view of neovascularization in the ex-
perimental group (H&E, ×200).

Table 1. Mean bursting pressure in experimental and control groups

 Experimental group (n=15) Control group (n=15) p value

 Mean Standard Mean Standard
  Deviation  Deviation 

Bursting pressure (mmHg) 121 57 41 39 p<0.05
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factors and cellular components essential for the healing 
process. Vessels allow connective tissue cells to interact and 
come together. This contributes to the tightening of the 
wound area and wound contraction, which is one of the last 
stages of wound healing.[7-9] We believe that the significantly 
higher neovascularization in the Dx group can be considered 
as an important factor in the contribution of this substance 
to wound healing.

CONCLUSION

As a result, data supporting the positive effect of Dx on 
wound healing were obtained in our study; however, large-
scale animal experiments and/or clinical studies are needed 
to address the use of this product.
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Dermalix®'in kolon anastomoz kaçakları üzerine etkisi: Deneysel çalışma
Dr. Şiyar Ersöz, Yasemin Konuk

Ankara Üniversitesi Tıp Fakültesi, Genel Cerrahi Anabilim Dalı, Ankara

AMAÇ: Çalışmada, Dermalix® (Dx)'in yara iyileşmesi ve anastomoz kaçağı üzerine olan etkisinin sıçan uç uca kolon anastomozu modelinde değer-
lendirilmesi amaçlanmıştır.
GEREÇ VE YÖNTEM: Çalışma; negatif  kontrol grubu (n=10, sadece laparotomi), kontrol grubu (n=15, kolon anastomozu) ve deney grubu (n=15, 
kolon anastomozu ve anastomoz bölgesine uygulanan Dx) olmak üzere 3 gruba bölünmüş halde 40 sıçan üzerinde gerçekleştirilmiştir. Sıçanlar 
postoperatif  3. günde sakrifiye edilmiş ve rezeke edilen kolon segmentlerinde infüzyon pompası yardımı ile patlama basıncı (mmHg) ve nötrofil 
infiltrasyonu, epitel rejenerasyonu, granülasyon dokusu oluşumu, lokal inflamatuar yanıt, neovaskülarizasyon ve yabancı cisim reaksiyonu dahil olmak 
üzere yara iyileşmesinin patolojik parametreleri değerlendirilmiştir.
BULGULAR: Anastomoz kaçağı oranı anlamlı derecede düşük (1 sıçan vs 6 sıçan, p=0.040) ve ortalama patlama basıncı Dx deney grubunda kont-
rol grubuna göre önemli ölçüde yüksek (2.95 kat, ortalama 121mmHg vs 41 mmHg, p<0.05) bulunmuştur. Dx'in neovaskülarizasyonu artırarak 
yara iyileşmesini önemli ölçüde hızlandırdığı değerlendirilmiştir (p<0.001). Kontrol ve deney grubu diğer patolojik parametreler açısından benzer 
sonuçlar saptanmıştır.
SONUÇ: Anastomoz kaçağı oranının önemli ölçüde düşük olması, özellikle patlama basıncı ve neovaskülarizasyon üzerindeki olumlu etkileri göz 
önünde bulundurulduğunda Dx, anastomoz kaçağını önlemede umut vadeden bir teknoloji olarak görülmektedir.

Anahtar sözcükler: Anastomoz kaçağı; kolon anastomozu; sıçan modeli; yara iyileşmesi.
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