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Abstract

BACKGROUND

Growth hormone (GH) plays a crucial role in wound healing and tissue repair in
postoperative patients. In particular, colonic anastomosis healing following
colorectal surgery is impaired by numerous chemotherapy agents.

AIM

To investigate whether GH can improve the healing of a colonic anastomosis
following the adverse effects of intraperitoneal administration of 5-fluorouracil (5-
FU), bleomycin and cisplatin.

METHODS

Eighty Wistar rats underwent laparotomy and a 1 cm-resection of the transverse
colon, followed by an end-to-end anastomosis under general anesthesia. The rats
were blindly allocated into four equal groups and administered a different daily
intraperitoneal therapeutic regimen for 6 days. The control group (A) received
normal saline. Group B received chemotherapy with 5-FU (20 mg/kg), bleomycin
(4 mg/kg) and cisplatin (0.7 mg/kg). Group C received GH (2 mg/kg), and group
D received the aforementioned combination chemotherapy and GH, as described.
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The rats were sacrificed on the 7" postoperative day and the anastomoses were macroscopically and microscop-
ically examined. Body weight, bursting pressure, hydroxyproline levels and inflammation markers were measured.

RESULTS

All rats survived until the day of sacrifice, with no infections or other complications. A decrease in the body weight
of group D rats was observed, not statistically significant compared to group A (P = 1), but significantly different to
groups C (P = 0.001) and B (P < 0.01). Anastomotic dehiscence rate was not statistically different between the
groups. Bursting pressure was not significantly different between groups A and D (P = 1.0), whereas group B had a
significantly lower bursting pressure compared to group D (P < 0.001). All groups had significantly more
adhesions than group A. Hydroxyproline, as a measurement of collagen deposition, was significantly higher in
group D compared to group B (P < 0.05), and higher, but not statistically significant, compared to group A.
Significant changes in group D were recorded, compared to group A regarding inflammation (3.450 vs 2.900, P =
0.016) and fibroblast activity (2.75 vs 3.25, P = 0.021). Neoangiogenesis and collagen deposition were not signifi-
cantly different between groups A and D. Collagen deposition was significantly increased in group D compared to
group B (P < 0.001).

CONCLUSION

Intraperitoneal administration of chemotherapy has an adverse effect on the healing process of colonic
anastomosis. However, GH can inhibit the deleterious effect of administered chemotherapy agents and induce
colonic healing in rats.

Key Words: Growth hormone; Colonic anastomosis; Adhesion; Bursting pressure; Collagen; Hydroxyproline; Inflammation;
Neoangiogenesis; Chemotherapy

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The present study was designed to investigate the effect of growth hormone (GH) on the healing of colonic
anastomoses in rats after intraperitoneal administration of 5-fluorouracil, bleomycin and cisplatin. The application of GH
was found to have a protective role in the healing of colonic anastomoses in rats by effectively reversing the detrimental
effects of chemotherapy.
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INTRODUCTION

Colectomy and subsequent anastomosis are among the most common procedures performed by general and colorectal
surgeons, and remain the treatment of choice in colon cancer, the third most common cancer worldwide[1,2]. Uncom-
plicated healing of the colonic anastomosis is required for the post-excisional continuation of the gastrointestinal tract.
Bowel anastomosis healing is a multistage procedure that commences after surgery and results in a return to baseline
organ function.

Healing of the colonic anastomosis can be disrupted by several factors, such as operative technique, preoperative
bowel preparation, blood flow and inflammation[3]. In addition, systemic factors, such as age, medical history and
nutritional status can also profoundly affect successful healing of the anastomosis[4,5]. Subsequent complications such as
anastomotic bleeding, stenosis and dehiscence can occur when one or more of the aforementioned factors are present.
These can lead to increased postoperative morbidity and mortality[6].

Anastomotic dehiscence can cause up to 35% of postoperative mortality[3,7]. Dehiscence is usually observed between
the fifth and seventh postoperative day. An anastomotic leak after dehiscence is a major complication, more frequently
observed in rectal anastomoses, and is observed in up to 21% of anastomoses[8]. Complete rupture of the anastomosis is
less frequent, observed in less than 4%, but does not always lead to leakage and dispersal of enteral contents into the
peritoneum, as adjacent tissues may cover the deficit[6,8].

Chemotherapy after tumor resection is a common adjuvant therapy in the management of colon cancer. Therapeutic
agents such as 5-fluorouracil (5-FU), bleomycin and cisplatin are commonly administered, and have been proven to
increase the long-term survival of patients[9,10]. Intraperitoneal administration of the abovementioned regimen has been
proven to decrease local recurrence rates, with a lower incidence of systemic side effects[11-19]. Nevertheless, their
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adverse effects are evident at the local tissue level, since, like all antineoplastic drugs, they interfere with the processes of
healthy tissues and can inhibit postoperative healing[20-24].

Growth hormone (GH), a natural anabolic substance, can positively affect the healing process both directly, as it
increases tissue response to stress and oxidative factors via increased collagen deposition, and indirectly, as it affects
somatomedins which are produced in the liver, reducing inflammation and antioxidant effects[25,26]. These result in
weight gain and increased metabolic rate which are beneficial in patients who are expected to lose weight postoperatively
[271.

The aim of this study was to investigate whether GH can improve the healing process of colonic anastomosis following
the adverse effects of intraperitoneal administration of 5-FU, bleomycin and cisplatin. The healing process was evaluated
clinically by measuring anastomotic ruptures and adhesions, mechanically by measuring the bursting pressure, biochem-
ically by measuring tissue hydroxyproline, and histologically[28,29].

MATERIALS AND METHODS

Experimental animals

This study was a double-blind, randomized, prospective experimental study. All necessary approved protocols for
laboratory animal care were ensured. The experiment was performed and results were published in accordance with the
ARRIVE guidelines 2.0.

A total of 80 male Wistar rats, 2-3 months old and weighing 242 + 6.5 g, were included in the present study. Male rats
were chosen to avoid overlapping hormone-related confounding factors in the experiment. An experimental animal
protocol was designed to minimize pain and discomfort in the animals. The experimental animals were from a colony
established in the Biology Laboratory, School of Medicine, Aristotle University of Thessaloniki. They were acclimatized in
the Experimental Laboratory of the Hospital "G. Papanikolaou" in ideal living conditions for approximately 7 days before
the start of the experiment. The environment included a constant temperature, humidity, ventilation and hygiene with a
12-hour normal day-night cycle. The animals were kept in groups of five in cages of similar dimensions and had
unrestricted access to standard food and water throughout the experimentation period.

The experiments were performed in accordance with the provisions of the European Convention for the protection of
animals used for experimental and research purposes (Law 1197/81 Art. 4, Law 2015/92, PD 160/91). The study was
conducted under the supervision and contribution of a veterinarian, who was responsible for observance of the rules of
hygiene in the premises and the rules of acclimatization, protection and nutrition of the experimental animals.

For the above experimental study, the Directorate of Veterinary Medicine of the Prefecture of Thessaloniki with No.
Prot. issued a special approval: 13/10767 /15-9-2003.

Study groups
The 80 rats were equally randomized into four groups (A, B, C and D) of 20 experimental animals, with the use of
electronic randomization software. Each experimental animal was given a unique code number.

Group A (Control): The rats were given intraperitoneal saline (2 mL) intraoperatively, as well as postoperatively daily
for six days. In addition, the rats were administered 1 mL of normal saline subcutaneously in the neck daily, in two equal
doses, until the 6™ postoperative day.

Group B (5-FU, bleomycin and cisplatin): The rats were administered a solution of 5-FU (20 mg/kg body weight),
bleomycin (4 mg/kg body weight) and cisplatin (0.7 mg/kg body weight), in 2 mL intraperitoneally, as well as each day
postoperatively until the 6th postoperative day.

Group C (GH): The rats were administered daily 1 mL of GH solution (2 mg/kg body weight) subcutaneously in the
neck, in two equal doses per day, until the 6" postoperative day.

Group D (GH, 5-FU, bleomycin and cisplatin): The rats were administered a solution of 5-FU (20 mg/kg body weight),
bleomycin (4 mg/kg body weight) and cisplatin (0.7 mg/kg body weight) in 2 mL intraperitoneally, as well as each day
postoperatively until sacrifice. Postoperatively, 1 mL of GH solution (2 mg/kg body weight) daily was administered
subcutaneously in the neck, in two equal doses, until the 6 postoperative day.

For the administration of each of the above substances the experimental animals received light anesthesia with ether.
They were placed in ether cages for a few seconds to achieve sufficient anesthesia for the injection and then returned to
their cages.

Anesthesia

The operation was performed under general anesthesia. Initially the experimental animals were placed in a bell jar with
ether for initiation of anesthesia. Pentothal solution was then injected intraperitoneally at a dose of 50 mg/kg body
weight. Approximately 30 seconds after the intraperitoneal administration of pentothal, satisfactory anesthesia and
analgesia of the experimental animals occurred, which lasted 50-60 minutes.

Surgical technique

Following induction of anesthesia, the abdomen was shaved and antisepsis using a 10% povidone iodine solution was
performed. The experimental animal was then placed on a specially designed and disinfected surgical table, its limbs
were immobilized, and a sterile surgical field was placed on the abdominal wall.
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Access was gained through a 3 cm long midline laparotomy. The cecum was identified and retracted outside the
peritoneal cavity. A 1 cm section of the transverse colon was subsequently resected 10 cm distal to the ileocecal valve.
After bowel resection, the central and peripheral parts of the intestine were mechanically cleaned of fecal content and an
end-to-end colo-colic anastomosis was performed with interrupted 6/0 polypropylene sutures. Initially, two guide
sutures were placed at the mesenteric and antimesenteric edges of the intestine with three single sutures on each side
involving the serosa and submucosa. Eight sutures were required to complete the anastomosis. The peritoneal cavity was
then irrigated with saline (NaCl 0.9%) and the abdominal wall was closed with 3-4 sutures of 3/0 silk, followed by local
antisepsis of the surgical incision. No antibiotics were administered. Net operative time ranged from 15 to 25 minutes.

After the operation, the experimental animals were kept in pairs in cages where they were monitored for an hour until
they fully recovered and regained normal mobility. All experimental animals had free access to food and water from the
day of surgery until sacrifice.

Necrotomy

Planned sacrifice took place on the 7* postoperative day. Animals were pre-anesthetized with ether and then
administered an intracardial injection of 10% KCI. After sacrifice of the experimental animals, the abdominal wall was
opened and macroscopic examination of the anastomosis was performed to determine rupture, presence of abscess or
peritonitis and evaluation of adhesions according to the scale of Van der Hamm (0 = no adhesions, 1 = minimal adhesions
between the anastomosis and small bowel, 2 = moderate adhesions between the anastomosis and small bowel, 3 = severe
and extensive adhesions with development of peri-anastomotic abscess).

Bursting pressure measurement
A 2.5 cm section of the colon was excised on either side of the anastomosis, without resolution of adhesions and diligent
cleaning of feces followed.

Measurement of the anastomosis rupture pressure was performed with a manometer which actively records
intraluminal pressure to the distal end of the edge of the large intestine containing the anastomosis. A pump for
continuous administration of saline at a rate of 1 mL/minute was attached to its proximal edge. During this process, the
pressure at which saline was observed to exudate from the anastomosis or other point of the intestine was noted. Burst
pressure was recorded in mmHg,.

Histopathology
After measuring the burst pressure, the bowel segment containing the anastomosis was placed in 4% formalin solution
and sent for histological analysis with hematoxylin-eosin staining solution.

Microscopic findings were classified according to the Erlich and Hunt scale as modified by Phillips[30]. Inflammatory
reaction (white blood cell count), fibroblasts, neo-angiogenesis, and collagen growth were assessed and scored on a
quantitative scale from 0 to 4 (0 = no data, 1 = occasional evidence, 2 = slightly increased evidence, 3 = abundant
evidence, 4 = confluent cells or fibers).

Hydroxyproline measurement

Hydroxyproline is an indicator of the total amount of collagen in a tissue. For the determination of hydroxyproline levels
at the site of the anastomosis, a sample of the anastomosis stored at -20°C was used, after being completely dried for 24
hours and weighed with a precision scale. The sample was then placed in 30 pL of concentrated caustic sodium solution
(NaOH) at a concentration of 10.125 N which was made by dissolving 0.86 g of NaOH in 2 mL of distilled water. This was
carried out to extract the tissue collagen and convert it into a solution. The resulting solution was incubated at a
temperature of 1200°C for 20 minutes using an autoclave.

35.5 pL of concentrated hydrochloric acid (HCI) at a concentration of 8 N was added to the resulting solution. This was
prepared by adding distilled water to a solution of 1.578 mL of 37% HCI, reaching a volume of 2 mL. This procedure was
undertaken to achieve tissue NaCl binding, in order to avoid interference with the results.

450 pL of a freshly prepared alcoholic solution of T-chloramine at a concentration of 0.056 M was added in order to
dissolve the tissue collagen and homogenize the solution. This solution was obtained by dissolving 0.635 g of chloramine
in 10 mL of 50% propanol which was then diluted until it reached a volume of 50 mL with the addition of acetyl-citric
acid buffer solution.

Finally, 500 pL of 1 M Erlich reagent was added, and the end solution was incubated for 20 minutes at 650°C. A
spectrophotometer was used to measure absorbance of the solution at 550 nm. Hydroxyproline absorption was
determined with the help of an absorption curve and a pre-approved mathematical formula.

Statistical analysis

Quantitative variables were summarized using means with 95% confidence interval (CI). The normality of quantitative
variables was tested with the Kolmogorov-Smirnov test and they were expressed as mean values with 95%CI. Also, for
the graphical representation of data, bar charts were used for each treatment group, where error bars represent the
variability in each group. The median has an advantage over the mean as it is not affected by the presence of extreme
values. Comparison of proportions between groups was assessed by Analysis of variance (ANOVA).

Body weight changes in the rats before and after the experiment were recorded in each group using the student's t-test
for paired samples. ANOVA was applied for the overall comparison of weight changes between groups. If there was an
indication of a statistically significant difference (P < 0.05) between the groups with the analysis of variance, the specific
categories were identified. This identification was achieved by comparing all combinations of the categories pairwise,
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using the student's-test. A simple Bonferroni adjustment was used for multiple comparisons. For variables that were not
normally distributed, non-parametric Kruskal-Wallis analysis of variance was applied for overall comparison of medians
between groups. If there was an indication of a statistically significant difference (P < 0.05) between the groups with the
Kruskal-Wallis analysis of variance, the specific categories were identified. This was achieved by comparing all combin-
ations of categories pairwise, using a non-parametric Mann-Whitney test.

In all statistical analyses, the significance level was set at 0.05 and was two-sided. Statistical analyses were performed
with the SPSS 13.0. statistical package.

RESULTS

In the following section, results concerning the combined (D) group will be presented and compared to the control group
(A). Groups B and C have already been published and will not be further analyzed in this publication[31,32]. No deaths
or surgical site infections were noted before euthanasia day. All animals were sacrificed on the 7* postoperative day.
Macroscopic inspection then took place to check for anastomotic dehiscence.

Body weight change

Body weight was measured with precision scales in all rats following anesthetization of the experimental animals pre-
operatively and on the day of euthanasia. In group A, there was a statistically significant reduction in mean body weight
during the experiment and until euthanasia (P = 0.005). In the combined (D) group, a decrease in mean body weight was
observed during the experiment, but was not statistically significant (P = 0.181). No statistically significant decrease in
body weight was observed between groups D and A (P = 1.0). Statistical significance was also recorded in the weight
difference between groups B and D (P = 0.001) and C and D (P < 0.001). Figure 1A presents the mean values of body
weights and body weight changes.

Anastomotic failure
No anastomotic dehiscence was noted in the control group, while 2 rats (10%) were noted to have anastomotic dehiscence
in group D. The difference between groups A, B and C, compared to group D is not statistically significant (P = 0.4).

Bursting pressure measurement

Group D did not show statistically significant bursting pressure values compared to the control group (P = 1.0), but
presented statistically significant increased values compared to group B (P < 0.001). In contrast, group D presented statist-
ically significant lower bursting pressure values, when compared to group C (P < 0.001).

In numerous experimental animals, a bowel perforation was observed away from the anastomosis during the process
of bursting pressure measurement. A rupture was observed in 50% of the rats in group D, compared to 60% in the control
group, but this difference was not statistically significant (P = 0.745). In addition, rupture rate at the site of the
anastomosis was significantly increased in group B compared to group D (64% vs 50%, P = 0.490). The sites of rupture
among the groups when assessing the anastomotic bursting pressure are presented in Figure 1B.

Adhesion formation

In group A, no adhesions were noted in 30% of the rats and no rats showed adhesions postoperatively graded with score
3 according to Van der Hamm's scale. Adhesions were present in all animals in group D. Specifically, 30% of the rats had
an adhesion score of 1, 60% had an adhesion score of 2 and 10% had an adhesion score of 3. Figure 2 presents the
incidence of adhesion formation scores. Group A had statistically significant lower adhesion formation than group D (P =
0.001). Group D had fewer adhesions than group B, but the difference was not statistically significant (P = 1.0). When
group B was compared with group D, it was found that group B presented a higher adhesion score, but with no statist-
ically significant difference (P = 1.0).

Hydroxyproline

A segment of the anastomosis was sent for measurement of hydroxyproline levels for quantification of the amount of
collagen. Group D showed a significantly higher mean level of hydroxyproline than group B (P = 0.05) and a significantly
lower mean level than group C (P = 0.048). Compared to the control group, group D showed higher values of
hydroxyproline, however the difference was not statistically significant. Figure 3A summarizes the values of
hydroxyproline among the groups.

Histological assessment
Anastomotic healing was assessed histologically by measuring inflammatory cell infiltration, neoangiogenesis, fibroblast
activity levels and collagen deposition. Statistical data showed significant differences in group D compared to the control
group in two histological parameters: inflammation (3.450 vs 2.900, P = 0.016) and fibroblast activity (2.75 vs 3.25, P =
0.021). Neoangiogenesis and collagen deposition were not significantly different between the control group and Group D.
The average inflammatory cell infiltration was significantly higher in group D than in the control group (P < 0.001),
group B (P = 0.004) and group C (P = 0.009). With regard to neoangiogenesis, group D demonstrated a statistically
significant increase compared to group B (P < 0.001). Group C and D were found to have a significant increase in
neoangiogenesis (P = 0.017). Collagen deposition was significantly increased in group D compared to B (P < 0.001). A
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Figure 1 Body weight and bursting pressure changes. A: The mean body weights and mean body weight changes; B: Bursting pressures among the
groups.
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Figure 2 Incidence of varying degrees of adhesions among the groups.

Adhesion formation score

statistically significant increase in fibroblast activity was found in group D compared to group A (P = 0.021) and group B (
P < 0.001). Figure 3B-E summarize inflammatory cell infiltration, neoangiogenesis, collagen deposition and fibroblast
activity, respectively.

DISCUSSION

Tissue healing is a complex pathophysiological process which is divided into 4 phases: Hemostasis, the inflammatory
phase, the proliferative phase, and the remodeling phase[33]. These phases are distinct and present in a consecutive
order. Extrinsic factors can inhibit one or more of the healing phases resulting in delayed healing or an insufficient tissue
defect[34]. Similar to any other tissue, the colon follows the same consecutive phases of healing after trauma, surgery etc.
A healing delay or defect will have significant repercussions, such as dehiscence or rupture of an anastomosis[7].
Chemotherapy is one systemic factor that can cause healing delay in patients with colon cancer that require excision and
colon reconstruction via an anastomosis[35]. It has been established by numerous studies that a surgical wound, such a
colonic anastomosis, can be ameliorated using GH, a strong healing promoter[26,36-40].

Factors that have been used to restrict the negative effects of chemotherapy on the healing process of colonic
anastomosis are synthetic adhesives (fibrin glue) and the administration of Milepost, interferon or GM-CSF factors[41-
44]. A combination of fibrin glue and GH has also been experimented, showing an improvement in the physical and
histological characteristics of the anastomosis[45]. While these studies have shown positive results, they do not fully
reverse the adverse effects of chemotherapy. In our study, GH managed to overcome the negative effects that
chemotherapeutics induced on body weight changes during the experiment. This was shown in group D, as the average
body weight loss in rats was statistically significantly smaller than the loss in group B. The body weight loss in group D
did not differ significantly from that of the control group (9.00 g vs 13.00 g, P = 1.0).

The administration of GH in group D resulted in a decreased rate of anastomotic rupture and dehiscence compared to
group B which is an important indicator of the positive effect of GH. The high rate of anastomotic rupture (40%) observed
in group B was improved by GH, which was reduced to a lower level (10%).

The anastomoses in group D maintained their mechanical strength. Although the mechanical strength was lower in
group D than in group C, it was proportional to that of the control group. The rupture level during the bursting pressure
test in the anastomoses of group D was 50%, compared to 36% in group B. This result confirms the increased anastomoses
strength. Adhesion formation around the anastomosis site further enhanced the mechanical anastomosis strength. GH led
to a statistically significant larger number of adhesions at the anastomosis site in group D compared to those observed in
the control group. These adhesions were fewer compared to group C with no statistically significant difference.
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Figure 3 Histopathology. A: Values of hydroxyproline among the groups; B: Inflammatory cell infiltration among the groups; C: Neoangiogenesis levels among
the groups; D: Collagen deposition levels among the groups; E: Fibroblast activity levels among the groups.

Hydroxyproline level assessment is a reliable method of measuring the total collagen formed during wound healing.
Thus, collagen formation was significantly higher in group D compared to group B, while not different to that in group A.

GH had an evident beneficial effect as it was shown to overcome the negative effect of chemotherapeutics in collagen
synthesis. A contiguous study in 2016 researched the positive effect of GH on colonic anastomoses in rats receiving the
immunosuppressive drug everolimus[46]. The experiment showed that GH improved the negative effects of everolimus
on colonic anastomosis, taking bursting pressure and hydroxyproline concentration into account. During the histological
assessment of tissue healing in this experiment, inflammation, defined by inflammatory cell infiltration (white blood cell
count), remained unchanged in group D compared to group B. Neoangiogenesis on the other hand was significantly
increased in group D in the presence of GH compared to group B. The increase in neovascularization secondary to GH
administration is a potential compensatory factor to the negative effects of chemotherapeutics.

Finally, GH administration resulted in a higher rate of fibroblast activation and collagen deposition. Thus, group D
showed a significant increase in fibroblasts and neocollagen compared to group B. It could therefore be deduced that the
increase in mechanical strength of anastomoses due to GH action is due to fibroblast activation and increased collagen
deposition in the anastomosis.

The immediate postoperative intraperitoneal administration of 5-FU, bleomycin and cisplatin in rats has a negative
effect in the healing process of colonic anastomoses. Specifically, it impairs fibroblast proliferation and reduces collagen
formation and deposition at the anastomosis site. Thus, an increase in the frequency of anastomotic rupture and
reduction of mechanical strength are observed, as expressed by the decrease in the values of corresponding bursting
pressure. In addition, inflammation is increased while neoangiogenesis is reduced at the anastomosis site.
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The action of GH on colon anastomoses in rats resulted in a qualitative and quantitative increase in collagen levels, as
shown by hydroxyproline levels. The result was an increase in the mechanical strength of the anastomoses, as expressed
by the increase in bursting pressure values.

CONCLUSION

Administration of GH to rats undergoing intraperitoneal administration of 5-FU, bleomycin and cisplatin resulted in an
increase of their metabolic profile as directly expressed by a mean increase in body weight. Simultaneously, GH caused
an increase in the mechanical strength of anastomoses at levels not statistically different from those of the control group.
As a result, the rate of anastomotic rupture and dehiscence in rats following intraperitoneal administration of 5-FU,
bleomycin and cisplatin was reduced when GH was simultaneously administered, mimicking the characteristics of the
control group anastomoses. In conclusion, GH administration to rats undergoing intraperitoneal administration of 5-FU,
bleomycin and cisplatin results in attenuation of the negative effects of these chemotherapeutic agents on the healing of
colonic anastomoses.
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