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Abstract

Objectives: The purpose of the study was to examine the possible effects of curcumin on the formation of neomucosa in parietal
peritoneum which was applied as a patch for terminal ileal defect in rats.

Methods: Sixteen male Wistar Hannover rats were split into two groups. The control group was injected with saline and cur-
cumin (2 mL/kg/day, by gavage) was given to the experimental group. In both groups, amounts of 8-hydroxy-2'-deoxyguanosine
(8-OHdG) and malondialdehyde (MDA), the activities of glutathione peroxidase and superoxide dismutase were determined in
serum. The development of neomucosa formation was examined morphologically.

Results: Serum antioxidant levels and glutathione peroxidase activity in rats given curcumin were significantly higher than those
of the control group (p<0.05). The levels of oxidative markers (MDA and 8-OHdG) in rats given curcumin were significantly lower
than those of the control group (p<0.05). In the histopathological examination, 62.5% of rats in the curcumin group showed forma-
tion of neomucosa while 37.5% of control rats showed neomucosa.

Conclusion: The use of curcumin in rats with terminal ileal defect enhanced the formation of neomucosa by decreasing the oxida-
tion level and increasing the antioxidation level. Curcumin may be used in the patients with short bowel syndrome to increase the
absorption surface area.
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hort bowel syndrome (SBS) is a disease described by  congenital reasons or in cases where massive bowel re-
the reduced length of the small intestines, causing section is performed early in life.’? Patients with SBS re-
a lack of absorption of fluids or nutrients necessary for  quire long-term parenteral nutrition due to digestive and
the body from the small intestines.™ SBS is usually seen  absorption disorders. However, this situation still results
in adulthood after surgical procedures that cause mas- in a considerable increase in the mortality and morbid-
sive bowel resection. It may occur in childhood due to ity of the patient in the long term.B* The intestinal ab-
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sorption and digestion can be successfully optimized by
reconstructive operations of the remaining intestine and
intestinal transplantation.®” While all procedures are still
experimental, the main goal of reconstructive operations
is to slow bowel transit time and promote the formation
of new intestinal mucosa, namely, neomucosa.

Studies on curcumin, which has a polyphenol structure,
have shown that the curcumin has effects on some tran-
scription factors, kinases, cytokines, enzymes, growth fac-
tors, and receptors.®! In addition to its strong antioxidant,
immunomodulatory, antimicrobial, anti-inflammatory, hy-
poglycemic, renoprotective, and hepatoprotective effects,
it is @ mucosal protector against mucosal injuries and in-
creases healing, has anticancer properties. '

The serosal patch technique is used to enlarge the area of
intestinal mucosa. The neomucosa should be developed to
enlarge the absorbent surface, and therefore, some sub-
stances are used to act on this neomucosa.l™

Since the curcumin has been suggested to have protective
effects on the intestinal ischemia-reperfusion injury, in the
present study, we aimed to examine the possible effects of
curcumin on neomucosa formation in the parietal perito-
neum, which was applied as a patch for terminal ileal de-
fectin rats.

Methods

Animals

Sixteen Wistar Hannover male rats (300-500 g) were in-
cluded in the study. They were kept in cages at room tem-
perature (21+£20° C) and humidity (60-70%) under condi-
tions regulated by a 12 h light-dark schedule. All rats were
fed ad libitum with standard pellet. Local Ethical Commit-
tee of University of Health Sciences approved the protocol
of study (Project no: 2019-134).

Chemicals and Reagents

To obtain curcumin, a curcuminoid mixture (Sigma, C1386,
St. Louis, MO, USA) was dissolved in corn oil at a concentra-
tion of 1 mg/mL and stored at 4° C used in dark glass vials.

Study Groups

Sixteen rats were randomly splitted into two groups (n=8).
Group 1 was designated as the control group which was in-
jected with saline following the procedure of enteroperito-
neal anastomosis between the mucosal surface of parietal
peritoneum and ileum (adherent to the abdominal wall).
Group 2 was designated as experimental group and 2 mL/
kg/day dose of curcumin was applied by gavage after intro-
ducing the same anastomosis procedure.

Surgical Procedure

Rats were anesthetized by an isoflurane (2% for mainte-
nance and 5% for induction, Isoflurane; Baxter, Puerto Rico,
USA). Under the sterile conditions, 3 cm midline abdominal
incision was performed, and 1 cm longitudinal incision was
performed in ileal region to establish a terminal ileal de-
fect. The full-thickness defect of ileum patched with (anas-
tomosis) peritoneum surface was closed with continuous
6.0 polypropylene sutures (Fig. 1). The effects of curcumin
on anastomosis were determined by microscopic and bio-
chemical analyzes. Biochemical analyses were performed
by measuring serum oxidant and antioxidant values ob-
tained from rats. Biochemical analyses of the serum stored
at minus 20° C were performed within 3 days at the latest.

At the 14™ days of procedure, each rat was euthanized un-
der anesthesia, and the blood was collected by the cardiac
puncture, centrifuged (3000 rpm for 10 min) to collect se-
rum. It stored at —20°C for biochemical studies. Anasto-
motic part of terminal ileum and parietal peritoneum was
resected after the midline laparotomy (Fig. 2), the tissues
were washed with saline. They were fixed in 10% formalde-
hyde solution for the pathological evaluation.

Biochemical Analyses

After the macroscopic analyses, the amounts of 8-hy-
droxy-2'-deoksiguanozin (8-OHdG) and malondialdehyde
(MDA) were measured to determine the oxidative damage.
The enzyme activities of superoxide dismutase (SOD) and
glutathione peroxidase (GPx) were measured to determine
the serum antioxidant levels.

Plasma 8-OHdG level was measured using a highly sensitive
enzyme-linked immunosorbent assay detection kit (Elab-
science, Texas, USA)."™ Outcome was presented as ng/ml.

Figure 1. Surgical procedure; ileum patched with (anastomosis) peri-
toneum surface.
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Figure 2. Appearance of anastomotic line on the post-operative
14th days.

The levels of MDA were measured in serum by a colorimet-
ric method described by Yoshioka et al.”™ in which a thio-
barbituric acid reagent was used to generate a pink prod-
uct under acidic conditions and to determine the outcom e
at 532 nm as mmol MDA/L.

SOD activity was measured using a xanthine oxidase sys-
tem described by Sun et al,"® in which nitroblue tetrazo-
lium was used as an indicator. The outcome was presented
as U/mL.

GPx activity was measured using the technique described
by Matkovics et al."” at 37°C and 412 nm and the outcome
was presented as U/L.

Histopathological Analysis

The anastomotic regions were dissected, and the tissues
were fixed in 10% formaldehyde and underwent a routine
histological process for paraffin embedding. The paraf-
fin sections were obtained in 4 um thickness and stained
by hematoxylin-eosin to determine the presence of neo-
mucosa formation. Alcian blue (pH: 2.5) staining was per-
formed to examine the intestinal type mucin and Masson’s
trichrome staining was performed to examine the fibro-
blastic activity in the neomucosal region.

Statistical Analysis

Number Cruncher Statistical System 2007 Statistical
Software program was used for all statistical analysis.
Descriptive data were presented as the standard and
mean deviation. The group comparison was performed
by Mann-Whitney U-test. The qualitative data were com-
pared by Fisher’s exact test. The significance level was de-
termined as 0.05.
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Results

Biochemical Findings

The MDA level of the control group (0.40£0.13 mmol/L) was
significantly higher than the level of the curcumin group
(0.18+£0.07 mmol/L) (p=0.03). The 8-OHdG value of the con-
trol group (1.85+£0.06 ng/ml) was also higher than those of
the curcumin group (1.47+0.21 ng/ml) (p=0.03). According
to these results, the oxidative damage implied by MDA and
8-OHdG in rats treated with curcumin significantly reduced
compared with the damage in the control group (p<0.05)
(Table 1).

SOD activity measured in the rats treated with the curcumin
(237.70£49.91 U/ml) was significantly higher than the activ-
ity measured in control rats (181.68+19.42 U/ml) (p=0.03).
The GPx activity of the curcumin group (396.87+91.76 U/L)
was significantly higher than the activity of the control
group (183.16+48.37 U/L) (p=0.01). According to these re-
sults, the antioxidant activity in rats treated with the cur-
cumin increased significantly compared with the activity in
the control group (p<0.05) (Table 1).

Histopathological Findings

As presented in Figures 3 and 4, the intestinal neomucosa
formation on the peritoneal surface appears to be signifi-
cantly increased with the use of curcumin in rats compared
to the control group. The villus height, surface area, mu-
cosa thickness, and crypt depth were significantly higher
in the curcumin group than those in the control group. The
presence of goblet cells and mucin, granulation tissue, and
fibroblastic activity was more prominent in the curcumin
group. Ulceration and active chronic inflammatory cell in-
filtration were similar between the two groups.

As a result of the histopathological evaluation, the neomu-
cosa formation was observed in 3 rats (37.5%) in the con-
trol group, while it was observed in 5 rats (62.5%) in the cur-
cumin-treated group (Fig. 5). Formation of neomucosa was
more frequent in the curcumin group compared with the
control group without any significant difference (p>0.05)
(Table 2).

Table 1. Comparison of the levels of SOD, GPx, MDA, and 8-OHdG
measured in the rats of the control and curcumin groups

Control group Curcumin group P
SOD (U/ml) 181.68+£19.42 237.70+£49.91 0.03
GPx (U/L) 183.16+48.37 396.87+91.76 0.01
MDA (nmol/L) 0.40+0.13 0.18+0.07 0.03
8-OHdG (ng/ml) 1.85+0.06 1.47+0.21 0.03

SOD: Serum antioxidant levels; GPx: Glutathione peroxidase; MDA:
Malondialdehyde, 8-OHdG: 8-hydroxy-2'-deoksiguanozin.
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Figure 3. The histological micrographs of the formation of intestinal
neomucosa on the peritoneal surface in the rats. (a-d) The control
group (Scales: 100 um for a and b; 50 um for c and d). (e-h) The cur-
cumin group (Scales: 200 um for e; 100 um for f; 50 um for g and h).
General view of the neomucosa showed vascularization in the sub-
mucosa (black arrow), granulation tissue formation (green arrow),
glandular structures and goblet cells (blue arrow), and fibroblastic
proliferating areas (yellow arrow). Hematoxylin-eosin staining).

Discussion

SBS is one of the common reasons of intestinal failure,
which occurs after massive bowel resection. Pediatric SBS
results from intussusception, aganglionosis, gastroschisis,
small bowel atresia, volvulus, and necrotizing enterocolitis.
08211 Adult SBS results from the strangulated bowel, trauma,
ischemia, and Crohn’s disease. In cases where intestinal ab-
sorption is impaired, dehydration, electrolyte disturbances,
and even death may occur."® This condition is managed by
a complex and multidisciplinary methodology including
the parenteral nutrition and surgical treatment. A number
of patients with SBS need a long-term parenteral nutrition
which results in several complications including the cath-

Figure 4. The histological micrographs of the formation of intestinal
neomucosa on the peritoneal surface in the rats. (a-d) The control
group (Scales: 200 um for a; 100 um for b; 20 um for c and d). (e-h)
The curcumin group (Scales: 200 um for e; 100 um for f and g; 50 um
for h). Masson trichrome staining.

eter failure, life-threatening infections, metabolic compli-
cations such as venous thromboembolism and liver and
kidney damage, and even finally organ failure.*'™ The rat
models are intensely used in the studies to develop a treat-
ment which increase the intestinal absorption in SBS.?? In
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Figure 5. The graphical presentation of the frequency of neomucosa
formation in the rats of control group and the curcumin-treated group.

Table 2. The frequency of rats showed the neomucosa formation

Neomucosa Control group (%) Curcumingroup (%) p
Absent 5(62.5) 3(37.5) 0.619
Present 3(37.5) 5(62.5)

the present study, we examined the possible effects of cur-
cumin on the formation of neomucosa in parietal perito-
neum which was applied as a patch for terminal ileal defect
in rats. We found that the serum antioxidant levels and GPx
activity in rats given curcumin were significantly higher
than those of control group. Moreover, levels of oxidative
markers (MDA and 8-OHdG) in rats given curcumin were
significantly lower than those of control group. Pathologi-
cal examination revealed that 62.5% of rats in the curcumin
group showed the formation of neomucosa while 37.5% of
control rats showed neomucosa formation.

Today, the surgical procedures for SBS include the con-
struction of intestinal valves or reversed intestinal seg-
ments, autologous reconstruction procedures consisting
of growing mucosal surface area, colon interposition, intes-
tinal transplantation, and lengthening bowel.?" However,
the success of these procedures is still controversial. The
basic autologous intestinal reconstruction surgeries are
non-transplant modalities including the serial transverse
enteroplasty (STEP) and the longitudinal intestinal length-
ening and tailoring (LILT) also called as Bianchi procedure.
LILT and STEP procedures are both used to eliminate par-

enteral nutrition dependence, however, coming with some
severe complications including the formation of bleeding
and stricture leakage. Intestinal transplantation is the last
choice for the treatment of SBS and should be performed
by experienced surgeons at specialized clinics due to pos-
sibilities of severe complications. However, the worldwide
morbidity and mortality rates of intestinal transplantation
are still very high.124

The neomucosa used for serosal patching is an experi-
mental method to grow new intestinal mucosa and en-
largement of absorptive surface of intestinal mucosa. The
regenerated intestinal mucosa is formed by the lateral in-
growth of adjacent mucosa which shows similar functions
with the normal mucosa.” In the literature, several studies
have employed the experimental models for growing the
neomucosa using serosal patch technique. In these stud-
ies, the serosal surface of intestine, peritoneal, and colon
surface has been utilized to establish a serosal patch.?”
Some reports have demonstrated that the glutamine can
be used to increase the absorption surface area by help-
ing the formation of neomucosa in SBS model.” In our
study, we found that the curcumin treatment increased the
formation of neomucosa in rats with terminal ileal defect
probably by reducing the oxidative stress.

Curcumin carries several biological features including anti-
inflammatory, antioxidant activities, and anticancer effects.
Curcumin was also examined as a therapeutic agent select-
ed for the treatment of wounds after the surgical proce-
dures.™ It was reported that the curcumin-treated wound
tissues had a large number of infiltrating cells, such as neu-
trophils, fibroblasts, and macrophages, in comparison to
the untreated wounds. All these cells are known to involve
in granulation tissue formation, as the wound contraction
proceeds and resistance increases, while the fibroblasts dif-
ferentiate into myofibroblasts.**?*' The granulation tissue is
also formed during the neomucosa formation as observed
in our study. The curcumin-treated rats showed more en-
larged neomucosa and granulation tissue, angiogenetic ar-
eas, glandular structures producing mucins, and extensive
clusters of fibroblasts compared to the control rats.

A strong inflammatory infiltration and high levels of reac-
tive oxygen species (ROS) cause cytotoxicity in the tissues
and accepted as an indicator of the presence of oxida-
tive stress. Elimination of ROS is important in novel tissue
formation.[26] Enzymatic (catalase, SOD, and GPx) and
non-enzymatic (glutathione) antioxidants play an impor-
tant role in the defense mechanism against the oxidative
stress, by reducing or completely eliminating the effects
of ROS, hence preventing the damage to cells and tissues.
2728 |n a study conducted on 18 mice with vitiligo disease,
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as oxidative stress parameters, the catalase and SOD lev-
els were found to be lower in vitiligo mice compared to
mice in the control group. In the detailed evaluation, it
was thought that oxidative stress was an important cause
in the formation of the disease.” SOD, which is dimeric,
is Cu/Zn dependent and is cultivated in different phases
of wound healing but is more effective in the early stages
of the inflammation phase. It has been shown to shorten
the wound healing process when applied topically.24262930
Some studies showed that their topical application signifi-
cantly improved the damage caused by free radicals.3'3*
Therefore, the measurements of antioxidants including
glutathione, SOD, and catalase in the granulation tissues
are valuable since these antioxidants accelerate the pro-
cess of wound healing by destroying the free radicals.®¥
In our study, we found that curcumin accelerated healing
by greatly reducing oxidative stress. At the same time, SOD
and GPx levels were found to be higher in rats treated with
curcumin compared to the control group, and the forma-
tion of neomucosa was more frequent.

Curcumin was shown to have a significant protective ef-
fect against free radicals and hence oxidative stress by act-
ing as a scavenger of ROS. If ROS increases, the levels of
MDA which is the end product of lipid peroxidation and of
8-OHdG which is a marker for the oxidative DNA damage
increase.® Blood levels of MDA and 8-OHdG are important
indicators of endogenous oxidative damage to DNA. Nakai
et al. measured MDA and 8-OHdG in patients with psoriasis
and atopic dermatitis and healthy individuals to evaluate
the oxidative stress and found that the urinary 8-OHdG and
MDA levels were higher in patients with psoriasis compared
to the control group.® In another study, it was evaluated
indirectly as an indicator of lipid peroxidation by the mea-
surement of MDA B Other study showed that a significant
change in antioxidant profile accompanied by high MDA
levels was attributed to impaired wound healing in immu-
nocompromised rats.>¥ The results of our study were in
consistent to the literature. In our study, 8-OHdG and MDA
levels, which show the oxidative stress level in rats treated
with curcumin, were lower than the control group, and it
was observed that curcumin enhanced the neomucosa for-
mation in rats.

Conclusion

The use of curcumin in rats with terminal ileal defect en-
hanced the formation of neomucosa by decreasing the oxi-
dation level and increasing the antioxidation level. There-
fore, curcumin may be beneficial in patients undergoing
enteroperitoneal anastomosis between mucosal surface
of ileum and parietal peritoneum (adherent to abdominal
wall) and may be effective in patients with SBS to increase

the absorption surface area as an alternative to the com-
plex treatment modalities which result in high morbidity
and mortality rates. Considering the aforesaid effects of
curcumin, the prospective randomized in vivo studies are
required to be conducted for the clinical use of curcumin
in SBS.
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