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Abstract 

 

Background/Aim: One of the most significant aspects of intestinal surgery is anastomotic wound healing. 

After intestinal surgery, the most serious complication is gastrointestinal leakage, which is associated with 

a high rate of morbidity and mortality. The rate of morbidity and mortality can be reduced by increasing 

the mechanical resistance of the anastomosis. Glutamine improves impaired wound healing through effects 

on the healing process. This study investigated the effects of early enteral glutamine supplementation on 

colonic anastomosis healing in rats treated with hyperthermic intraperitoneal chemotherapy (HIPEC) with 

cisplatin and fluorouracil (5-FU). 

Methods: Twenty-four rats were divided into three groups. Group 1 underwent colonic anastomosis and 

intraabdominal hyperthermic saline administration, Group 2 underwent colonic anastomosis and HIPEC, 

and Group 3 underwent colonic anastomosis and HIPEC and postoperative administration of glutamine 

solution via an orogastric tube for 7 days. On day 7, all rats were sacrificed and anastomotic bursting 

pressure (ABP) was evaluated. Tissue specimens were taken to examine tissue hydroxyproline levels and 

histopathological changes in the anastomotic line. 

Results: The ABP was significantly greater in Group 2 than in Groups 1 and 3 (P=0.001 and P=0.046, 

respectively). The tissue hydroxyproline level was higher in Group 1 and Group 3 than in Group 2 

(P=0.001 and P=0.043, respectively). The histopathological findings in Group 3 were better than those in 

Group 2. The histopathological findings were observed to improve in the early enteral nutrition with 

Glutamine group. 

Conclusions: The findings of this study indicate that early enteral glutamine supplementation facilitates 

colonic anastomosis healing following HIPEC with cisplatin and 5-FU, by increasing the ABP and tissue 

concentrations of hydroxyproline and decreasing the inflammatory response. 

 

Keywords: Glutamine, Colonic anastomosis, Bursting pressure, Wound Healing, Hyperthermic 

Intraperitoneal Chemotherapy 
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Introduction 

Peritoneal carcinomatosis (PC) is a clinical condition 

caused by the dissemination of cancer cells originating from the 

peritoneal surface or often internal organs to the abdominal 

cavity and is associated with poor prognosis and reduced 

survival. The cancer spreads to the intestines, peritoneum, 

mesentery, and other visceral organs, leading to malnutrition, 

ileus and death [1, 2]. In selected patients with PC, the 

combination of cytoreductive surgery (CRS) with hyperthermic 

chemotherapy (HIPEC) administered to the peritoneal cavity is 

an effective approach for clinically managing this disease [3]. 

Gastrointestinal leakage occurs in approximately 5–34% of 

patients treated with CRS and HIPEC and is also a cause of 

severe morbidity and mortality [4-6]. Previous studies 

demonstrated the adverse effects of HIPEC treatment on 

anastomosis by impairing wound healing [7, 8]. 

Glutamine is the most abundant free amino acid in 

plasma and is stored mainly in the lungs and skeletal muscles [9]. 

Oral glutamine administration improves wound healing through 

its role in wound healing processes such as collagen synthesis, 

wound contraction, and epithelization, and increases the 

anastomotic bursting pressure (ABP) of colorectal anastomoses 

[10, 11]. 

To the best of our knowledge, no studies evaluated the 

effects of early enteral nutritional support with glutamine on 

anastomosis in HIPEC patients. Therefore, we investigated the 

effects of early enteral glutamine supplementation on colonic 

anastomosis recovery in rats treated with HIPEC with cisplatin 

combined with fluorouracil (5-FU).  

Materials and methods 

This study was conducted at Adiyaman University 

Experimental Animal Application and Research Center 

(Adiyaman, Turkey) after obtaining the approval of the 

Experimental Animals Local Ethics Committee of the university 

(Referance No: 2019/019). All animal experiments were 

performed according to the World Medical Association Code of 

Ethics (Helsinki Declaration). The study used Twenty-four 

Wistar-Albino rats weighing 360–401 g. The rats were kept in 

groups of eight in controllable, specifically designed cages with 

free access to food and water under appropriate temperature and 

light and dark conditions. None of the animals were administered 

antibiotics. 

Study groups and procedure 

For the number of laboratory animals to be used in the 

study, a power analysis was carried out using G * Power 3.1.94 

package program. When the effect size used in the program and 

expressed by Cohen was 0.69, a total of 24 rats (8 in each group) 

were included in the study [12]. The statistical power of the test 

was set at 80% with a significance level of P<0.05. The animals 

were divided into three groups, as follows: Group 1, control: 

Transection of the left colon followed by end-to-end anastomosis 

and hyperthermic administration (41°C) of saline. Group 2, 

cisplatin + 5-FU: Left colon transection followed by end-to-end 

anastomosis and hyperthermic administration of 2 mg/kg 

cisplatin and 5 mg/kg 5-FU for 45 min. Group 3, cisplatin + 5-

FU and early enteral nutrition with glutamine: Left colon 

transection followed by end-to-end anastomosis and 

hyperthermic administration of 2 mg/kg cisplatin and 5 mg/kg 5-

FU for 45 min. Following surgery, 0.4 g/kg/day L-glutamine 

dissolved in 5 mL water was administered via an orogastric tube 

for 7 days. The rats were administered intramuscular anesthetic 

agents of 5 mg/kg Rompun (xylazine, Bayer, İstanbul, Turkey) 

and 50 mg/kg Ketalar (ketamine hydrochloride, Park Devis, 

İstanbul, Turkey). The abdominal surface of the rat was cleaned, 

and 10% povidone-iodine was used to ensure antisepsis of the 

surgical site. A 4 cm midline laparotomy incision was made. At 

~3 cm above the peritoneal reflection, the left colon was defined 

and transected. Then, an end-to-end anastomosis was performed 

with eight sutures using 6-0 propylene (Prolene; Ethicon, NJ, 

USA) in a single-layer interrupted fashion. In Groups 2 and 3, 

HIPEC was implemented using an open method with 40 mL 

saline solution (5 mg/kg) heated to 41°C, and the abdomen was 

closed. The temperature of the solution was measured with a 

thermometer probe in the abdomen. When the intra-abdominal 

temperature fell below 40°C, the HIPEC fluid was aspirated and 

41°C HIPEC solution was added again. An intermittent massage 

was conducted to distribute the chemotherapy agent. After 45 

min, the abdomen was opened, and the washing solution was 

removed. Then the abdomen was sutured and closed. All 

operations were carried out using sterile surgical methods by the 

same surgeon. In Group 3, following surgery, 0.4 g/kg/day L-

glutamine dissolved in 5 mL water was administered via an 

orogastric tube for 7 days. A combination of cisplatin and 5-FU 

as chemotherapeutic agents was used for the HIPEC procedure, 

as cisplatin exerts cytotoxic effects with increased temperature 

independently of the cell proliferation stage and 5-FU exerts its 

effect independently of the cell proliferation stage. Such a 

combination is frequently used in clinical practice. The rats were 

placed in their cages following surgery and subcutaneously 

administered 5 mL saline. All groups started feeding at the 6
th

 

postoperative hour. Groups 1 and 2 were fed standard food and 

water, while Group 3 was also fed glutamine daily via an 

orogastric tube for enteral nutrition. 

ABP 

All rats underwent a re-laparotomy on postoperative day 

7. ABP was measured using a pressure transmitter (Transpac IV; 

Abbott Laboratories, Rockville, MD, USA) and a monitor (BM5; 

Bionet Patient Monitor, Seoul, Korea). A 2F feeding catheter 

was placed in the rectum. The colon was tied with 2-0 silk in a 

manner that included the catheter 3 cm below the anastomosis. 

The proximal section of the anastomosis was blocked using a 

clamp to establish a closed loop. Saline was delivered to the 

colon via the catheter inserted in the rectum at a rate of 2 

mL/min using an infusion pump, and the pressure was 

monitored. The last measured value on the ABP monitor was 

registered as the ABP [13]. Upon the recording of ABP values, 

the colonic segment was resected and separated into two equal 

pieces: One was placed in a 10% formalin solution for 

histopathological analysis and the other was kept at -70°C for 

hydroxyproline (HYP) analysis. The rats were sacrificed by high 

doses of anesthetic drugs. 

Histopathological analysis 

The histopathological parameters of anastomotic 

healing were assessed using the Phillips scoring system [14]. The 
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colonic material that was placed in 10% formalin solution was 

embedded in paraffin after a 24-hour fixation. The paraffin-

embedded tissues were stained with hematoxylin and eosin 

(H&E) and Masson’s trichrome stain. The specimens were 

evaluated for fibroblasts, neovascularization, collagen, and 

inflammation, with each parameter rated on a scale from 0 to 3: 

0: None; 1: Slight increase; 2: Moderate infiltration; and 3: 

Dense infiltration. 

HYP determination 

The levels of HYP were determined using the biotin 

double-antibody sandwich technology enzyme-linked 

immunosorbent assay (ELISA). From the 24 rat colonic tissue 

samples, 50 µg specimens were cut at equal weight and placed in 

phosphate-buffered saline (PBS, pH 7.4). The tissues in PBS 

were mixed manually for homogenization and centrifuged at 

3000 rpm for 20 min. The supernatants were filtered and 

analyzed. The specimens and kits (Rat Hydroxyproline ELISA 

Kit, Rel Assay Diagnostic; MEGA TIP group, Gaziantep, 

Turkey) were stored outside until they reached room 

temperature. For each specimen to be studied, two wells were 

prepared (one for the standard and one as an empty well for the 

study). Chromogen solutions and stop solution were added to the 

empty wells, and 50 µL biotin antibody-integrated standard and 

50 µL streptavidin horseradish peroxidase (HRP) were added to 

the standard wells. Then 40 µL sample was added to the sample 

wells, followed by the addition of 10 µL anti-HYP antibody and 

50 µL streptavidin-HRP. Subsequently, the microplate was kept 

in an incubator (Nüve incubator; Nüve, Ankara, Turkey) at 37°C 

for 60 min. Then, 50 µL chromogen solution was added to each 

well. The plate was incubated in the dark for 15 min to allow 

color development followed by the addition of 50 µL stop 

solution. The plates were evaluated in an automated ELISA 

analyzer (Rel Reader, Rel Assay Diagnostic; MEGA TIP group) 

at a wavelength of 450 nm. 

Statistical analysis 

The statistical analyses were performed using the SPSS 

(version 25.0; SPSS, Chicago, IL, USA) software package. 

Statistical data were evaluated using average parameter values 

(ABP, tissue concentrations of HYP, and histopathological 

scores). Between-group variables were assessed with one-way 

analysis of variance (ANOVA) and X
2
, and between-group 

differences were analyzed using Tukey’s honest significant test 

and Tamhane’s post-hoc test. P<0.05 was considered statistically 

significant. 

Results 

There were no mortalities throughout the study. No 

complications such as surgical site infection or wound 

dehiscence were observed. 

ABP 

The mean ABPs were 145.25 (25.18), 113.25 (8.12), 

and 133.00 (3.81) mmHg in Groups 1, 2 and 3, respectively. 

One-way ANOVA revealed statistical significance in the ABP 

values (P=0.002). The post-hoc analysis showed statistically 

significant differences in ABP between Group 1 and Group 2 

(P=0.001), and between Group 2 and Group 3 (P=0.046). The 

difference between Group 1 and Group 3, was insignificant 

(P=0.213). These findings indicate that early enteral nutrition 

with glutamine improved colonic anastomosis wound healing by 

improving ABP in the group undergoing HIPEC with cisplatin + 

5-FU (Table 1). 

Concentrations of HYP 

Average concentrations of HYP in the intestinal wall 

were 247.10 (4.76), 237.15 (5.32), and 242.90 (2.78) µg/g in 

Groups 1, 2, and 3, respectively. One-way ANOVA revealed a 

significant difference in HYP tissue concentrations among the 

groups (P=0.001). Post-hoc analysis revealed a statistically 

significant difference in tissue concentrations of HYP between 

Groups 1 and 2 (P=0.001), and between Groups 2 and 3 

(P=0.043). The difference between Group 1 and Group 3, in 

turn, was nonsignificant (P=0.164) (Table 1). These findings 

indicate that the HIPEC procedure is likely to repair reduced 

concentrations of HYP in the wound of colonic anastomosis by 

increasing tissue HYP concentrations through enteral nutrition 

with glutamine. 
Table 1: Mean and standard deviation values for ABP and tissue HYP levels of groups 
 

Groups Group 1 Group 2 Group 3 P-value 

Anastomotic Bursting 

Pressure (mmHg) 

145.25(25.18) 113.25(8.12) 133.00(3.81) 0.002* 

Tissue hydroxyproline (µg/g) 247.10(4.76) 237.15(5.32) 242.90(2.78) 0.001** 
 

*The differences between Groups 1 and 2 and Groups 2 and 3 were significant (P=0.001 and P=0.046, 

respectively). The difference between Groups 1 and 3 was not significant (P=0.273). ** The differences 

between Groups 1 and 2 and Groups 2 and 3 were significant (P=0.001 and P=0.043, respectively). The 

difference between Groups 1 and 3 was not significant (P=0.164). 
 

Histopathological findings 

The histopathological results of the groups were defined 

according to the Phillips scale. One-way ANOVA indicated a 

significant difference in fibroblast and collagen values among the 

groups (P=0.041 and P=0.017, respectively) (Table 2). In terms 

of fibroblast values, post hoc analysis revealed a significant 

difference between Groups 1 and 2 (P=0.032). The collagen 

levels were significantly different between Groups 1 and 2, and 

between Groups 2 and 3 (P=0.001 and P=0.043, respectively). 

These findings suggest that enteral nutrition with glutamine had 

beneficial effects on colonic anastomosis recovery performed 

using HIPEC with cisplatin and 5-FU by increasing collagen 

levels (Figure 1). 
Table 2: Histopathological findings of groups by Phillip’s scale  
 

Groups Group 1 Group 2 Group 3 P-value 

Fibroblast 2.75(0.46) 2.13(0.35) 2.50(0.53) 0.041* 

Neovascularization 2.50(0.53) 2.13(0.35) 2.38(0.51) 0.296(NS) 

Collagen 2.75(0.46) 1.75(0.46) 2.38(0.51) 0.017** 

Inflammation 2.63(0.51) 2.13(0.35) 2.38(0.51) 0.128(NS) 
 

* The difference between Groups 1 and 2 was significant (P=0.032). The difference between Groups 2 and 3 

was significant (P=0.250). The difference between Groups 1 and 3 was not significant (P=0.537). ** The 

difference between Groups 1 and 2 was significant (P=0.001). The difference between Groups 2 and 3 was 

significant (P=0.043). The difference between Groups 1 and 3 was not significant (P=0.286).  
 

Figure 1: Histopathologic appearance of the anastomotic line in the groups. A. H&E-stained 

anastomotic line of cisplatin+5-FU-delivered subject at 40x magnification, B. Masson’s 

trichrome-stained anastomotic line of cisplatin+5-FU-delivered subject at 40x magnification, 

C. H&E-stained anastomotic line of cisplatin+5-FU-delivered and early enteral nutrition with 

glutamine-administered subject at 40x magnification, D. Masson’s trichrome-stained 

anastomotic line of cisplatin+5-FU-delivered and early enteral nutrition with glutamine-

administered subject at 40x magnification 
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Discussion 

CRS is an aggressive local treatment carried out ahead 

of perioperative HIPEC [15]. Despite the increased survival in 

patients with PC, a prominent increase is seen in morbidity and 

mortality with mortality resulting mainly from sepsis and 

respiratory complications [16-18]. The most reported (5–34%) 

complications are intraabdominal sepsis, anastomotic leakage 

and intestinal fistulas, the latter of which is the most common 

and requires CRC and HIPEC treatment [18-21]. Intestinal 

fistulas occur as a result of anastomotic leakage or intestinal 

perforations. In a previous study examining complications of 

CRS and HIPEC, a fistula was identified in the anastomotic and 

suture lines in 17 of 203 patients [6]. Verwaal et al. observed 

intestinal fistulas and intraabdominal sepsis at a rate of 17.6% 

and 15.6%, respectively [18]. It is worth noting that more 

anastomoses are required following CRS and HIPEC compared 

to other gastrointestinal surgeries. Thus, to minimize 

postoperative fistula rates, some surgeons perform a diverting 

ostomy proximal to the colonic and rectal anastomoses [6]. After 

the treatment of patients is completed, another issue is ostomy 

closure. A previous study reported that 71% of colostomies could 

be closed, and a re-colostomy was performed in 14% of the 

closed colostomies due to emerging complications [16]. Makrin 

et al. investigated the effects of chemotherapy and hyperthermia 

on colorectal anastomosis, and found that the ABP fell in the 

hyperthermia groups compared to the control group on day 10 

[22]. The authors observed that the ABP dropped the most in the 

cisplatin group. HIPEC had particularly adverse effects on colon 

ABP during the early postoperative period (up to day 10). The 

negative effects of HIPEC may cause anastomotic leakage and 

postoperative morbidity. Therefore, they suggest that avoiding 

unnecessary anastomosis is essential for patient and procedure 

selection. Pelz et al. demonstrated the detrimental effects of a 

chemotherapeutic (Mitomycin) on anastomotic healing [23]. In a 

study by Aarts et al., anastomosis of the ileum and colon was 

performed, followed by HIPEC with mitomycin C . The authors 

observed a decrease in wound strength of colonic anastomosis in 

the HIPEC group after cytoreduction [24]. 

Glutamine is the body’s most available free amino acid 

and plays a critical role in nitrogen transport and acid-base 

equilibrium. Therefore, glutamine is one of the most studied 

nutrients and the starting point of metabolic support studies [25]. 

It is necessary for the rapid division of enterocytes, lymphocytes, 

and fibroblasts, and is also involved in antioxidant defense 

mechanisms by affecting glutathione synthesis [26]. Under 

physiological conditions, enough glutamine is produced to 

maintain the body’s glutamine storage requirements (especially 

of the skeletal muscles) and to meet the demands of glutamine-

consuming tissues [27]. In case of stress such as injury, sepsis 

and inflammation, glutamine consumption is increased in the 

gastrointestinal system, immunological cells, inflammatory 

tissue, and kidneys. Under severe stress, the intracellular and 

plasma glutamine levels decrease by 50% and 30%, respectively 

[9]. In this case, nitrogen balance and immunosuppression can be 

improved with glutamine supplementation [28]. Oral glutamine 

administration is reportedly effective in relieving oxidative stress 

and the proinflammatory responses induced by endotoxemia 

[29]. Goswami et al. [10] studied the impact of oral glutamine on 

wound healing in rats and found that glutamine had a positive 

effect on wound healing by affecting various wound healing 

stages such as collagen synthesis, wound contraction, and 

epithelialization. Sapidis et al. [11]  studied the preoperative 

administration of glutamine and symbiosis, which increased the 

mechanical strength of the anastomosis. Thus, they claimed that 

it decreases the rupture of anastomotic line and bacterial 

translocation. Da Costa et al. reported that perioperative orally 

glutamine supplementation increased both the mechanical 

strength of the anastomosis and the percentage of mature 

collagen in the anastomosis line on postoperative days 3 and 8 

[30]. Gökpınar et al. [31] investigated the effects of early and 

late enteral nutrition with glutamine on anastomotic healing, and 

found that in the postoperative period, early administration of 

total enteral nutrition significantly increased anastomotic 

resistance and collagen synthesis. In this study, enteral nutrition 

with glutamine led to an improvement in ABP and tissue 

concentrations of HYP following HIPEC treatment with cisplatin 

and 5-FU. These findings are consistent with the previous 

publications in literature. 

Earlier experimental studies used one chemotherapeutic 

agent (e.g., 5-FU, cisplatin, paclitaxel, mitomycin-c); however, 

two chemotherapeutic agents are currently included in the 

HIPEC regimen after CRS in clinical practice. These agents 

include drugs that exert increased effects with hyperthermia, 

independently of cell proliferation (e.g., cisplatin, mitomycin-c, 

doxorubicin); and those that are not associated with 

hyperthermia, independently of cell proliferation (e.g., 5-FU and 

paclitaxel). This the first study to investigate the effects of early 

enteral glutamine supplementation on colonic anastomotic 

healing in patients treated with HIPEC with cisplatin and 5-FU. 

This study had some limitations. First, experiments 

were performed on laboratory animals, so future studies of a 

similar nature are needed prior to the study findings being 

included in clinical practice. Second, although this procedure is 

performed on a selected patient group with good performance in 

clinical practice, most patients are malnourished and the duration 

of surgery is long for cytoreduction, necessitating one or several 

anastomoses thereafter. The rats used in our study had no 

malnutrition or peritoneal disease. Third, colonic anastomosis 

was performed after transection without colonic resection. When 

assessing complications due to surgery, 30 postoperative days 

should be taken into account. We completed this study on day 7. 

Finally, in clinical practice, HIPEC treatment is combined with 

early postoperative intraperitoneal chemotherapy (EPIC), which 

generally begins on the first postoperative day and continues for 

5 days. EPIC was not used in this study. We believe that such 

limitations should be taken into consideration in prospective 

experimental studies. 

Conclusion 

Enteral nutrition with glutamine after HIPEC positively 

affected anastomotic wound healing by increasing the number of 

fibroblasts, collagen deposits, tissue HYP levels in the 

anastomosis area, and the anastomosis's mechanical resistance. 

Thus, we believe that early enteral glutamine supplementation 

after HIPEC can reduce postoperative morbidity and mortality by 

preventing anastomotic leaks. 
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