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Abstract

Introduction: Intestinal anastomosis consist of surgical procedures
which there is an anastomotic line between two intestinal segments
in order to reconstruct or divert the digestive transit. However, several
complications may result from this surgical procedure.

Objective: Present, describe and discuss the findings of the literature
regarding substances capable of reducing injury and possible compli-
cations of intestinal anastomosis.

Method: The data were collected by literature review using the des-
criptors: "intestinal anastomosis”, "antioxidants"; and as basis articles
published in the published Scientific Electronic Library (Scielo), Lilacs,
MedLine and Pubmed databases. Inclusion criteria were original and
review articles published in full in the online form in the Portuguese,
Spanish and English languages, using the descriptors mentioned above
in the respective languages.

Results: Scientific articles were collected, in which 38 papers were
included in the inclusion criteria.

Conclusions: The major parts of substances described in the present
study demonstrated be statistically relevant results and the capacity to
optimize the anastomotic healing.
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Introduction

Intestinal anastomosis consist in basic surgical pro-
cedures based in the confection of a suture, called
anastomotic suture line, between two intestinal
segments, in order to reestablish or divert digestive
transit. The procedure is relatively simple; howe-
ver, it may evolve with a number of complications,
which some can be avoided by the use of antioxi-
dant substances. [1]

Complications can vary from stenosis, dehiscence,
suture loosening, and occurs in 5 to 10% of gas-
trointestinal anastomosis cases, leading to content
overflow. [2] Fistulas are also anoccurrence that ex-
tend post-op time, and are responsible for 20 to
80% of post-op deaths through its complications,
such as abscesses, sepsis and peritonitis. [3]

The success in the confection of anastomosis is
directly connected to the use of correct techniques
by the surgeon and the healing process, that invol-
ves the activation of macrophages, fibroblasts, vas-
cular neoformation and collagen synthesis. For that,
it is necessary that reactive oxygen species (ROS)
not to be produced in excess, as the presence of
considerable amounts of ROS leads to a range of
negative effects in the organism, especially through
modifications in cell signaling, membrane lipid pero-
xidation, exocyclic adducts, which can be associated
to atherosclerosis chronic processes, neurodegene-
rative diseases, diabetes, carcinogenesis, mutagene-
sis, among others. [4]

Those substances are naturally produced in ener-
gy synthesis during metabolic enzymatic reactions in
the mitochondria to producemetabolic water, that
due to having unpaired electrons in the last valen-
ce shell, escape mitochondrial metabolism. Those
components are counterbalanced by the synthesis
of natural antioxidant agents in the organism, and
are a bioactive compound capable of structurally
and functionally maintaining cells trough the effi-
cient degradation of oxidant compounds, lipid in-
hibition and peroxidation reactions. This prevents
oxidative damage and has anti-inflammatory and
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anti-carcinogenic effects [4, 5]. The lack of balance
between oxidant and anti-oxidant agents leads to
oxidative stress [6]. Various substances have been
indicated and studied to assist in intestinal anas-
tomosis healing process, prevent its complications
and oxidative stress. Examples are melatonin [7] and
substances with high rates of polyphenols and vi-
tamins that have known effects in citric fruits. In
contrast, others may cause dehiscence, such as cor-
ticosteroids [1].

Thus, this article aims to gather and analyzecriti-
cally the main findings in medical literature related
to antioxidant substances and its influence in gas-
trointestinal anastomosis.

Method

For construction, this article used the PRISMA
method, which consists of a list with 27 topics that
serve to organize and direct the construction and
elaboration of systematic literature reviews. Infor-
mation was obtained from research in data bases
such as BIREME, DECS and PUBMED, by the use
of the keywords “anastomosis”, “antioxidant” and
“rats”, all in intersection relations, in three langua-
ges (Spanish, Portuguese and English). 38 articles

that followed inclusion criteria were selected.

Review
Intestinal Anastomosis
Intestinal anastomosisconsist of the surgical commu-
nication between two organs. Those procedures are
of reoccurring use in digestive treat surgeries, with
the main goal being to reconstruct the digestive
tract as a result of tumors, necrosis due to throm-
bosis and peptic ulcers, or a digestive transit digres-
sion in obstructive scenarios. Its confection may be
done by large procedures or by the use of minimally
invasive techniques, using sutures or a stapler. [8, 9]
Gastrointestinal anastomosis can be classified
according to stumps, anastomotic mouth size, lo-
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cation, layers and planes. The stumps may be end-
to-end, latero-lateral and end-lateral. While the
openings may be oralisparcialis and oralistotalis.
Regarding the location they can be esophagojeju-
nal, gastroenteric and entero-enteroanastomosis. In
addition, the sutures may be partial or total, in 1 or
more levels. [10, 11]

After the surgical procedure, it is necessary to
use evaluation maneuvers in order to evaluate the
existence of alterations and prevent postoperative
complications. For that, the ring and the borrower
maneuvers are used in humans. The first one con-
sists of touching the light of the involved organs
through the wall of the organ, in order to check the
permeability of the anastomosis, ensuring that the
digestive flow is adequate. The second consists of
inflating in the anastomosed region, througha rec
tal or nasogastric tube and subsequent placement
of water or saline solution around this region. If
there is no formation of air bubbles near the area,
it is considered that the anastomosis was made co-
rrectly [16].

Complications from this kind of surgical procedu-
re may include stenosis, that consists of the patho-
logical narrowing of the tube lumen, usually due
to an elevated amount of fibrous tissue that slows
down the digestive flow, as well as fistulization, ne-
crosis, anastomotic line dehiscence, and usually as a
consequence of suture dehiscence, leakage of the
gastrointestinal content and may progress to sep-
tic peritonitis. In this procedure, dehiscence is the
major complication faced, being directly linked to
other complications such as gastrointestinal leakage
and septic peritonitis. Such complications compro-
mise clinical outcomes and require repair surgery,
resulting in a significant increase in treatment cost,
morbidity and mortality [12, 13, 14].

For this reason, familiarity with local anatomy,
technical care and techniques should be in the
surgeon’s domain, in order to avoid possible com-
plications and allow a satisfactory recovery process.
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Intestinal anastomosis in experimental
surgery

Anasmotosis are widely used in experimental sur-
geries, with the main goal to find new less invasive
techniques or test new substances that speed the
healing process and reduce surgical damage [15, 16].

Therefore, knowledge of the techniques is requi-
red to the its appropriate usage and achievement of
valid results that can be used to the development
of new methods that assist human treatments. For
that to be possible, the researcher needs to have
extended knowledge about the anatomy and ana-
tomical variations of the animalin which the proce-
dure will be applied [17].

In experimental surgery, anastomosis security is
assessed by the evaluation of rupture pressure and
the rupture resistance test. According to Duraes et
al. [18], the pressure test is the most appropriate
to evaluate anastomotic integrity and the risk of
leakage, that usually happen in weakened areas in
the anastomosis, besides being the best to evalua-
te inflammatory healing. However, the rupture re-
sistance test offers a better overall analysis of the
anastomosis.

Anastomosis performance varies according to se-
veral factors such as the chosen species, the region
undergoing surgery, the techniques used by the
surgeon, the suture type for the anastomotic line,
anesthetics and analgesics in addition to the ma-
terials used. Therefore, the use of anastomosis can
occur in different ways according to the researcher's
objective, Thus, Brito et al. [19] described anasto-
mosis of the small intestine as a procedure initiated
from continuous inhalation of ether for anesthesia,
and the later performance of the anastomosis bet-
ween the duodenum and the ileocecal valve after
0.5 cm segmental resection. An extra-mucous sin-
gle-plane end-to-end anastomosis was employed,
using 6-0 polypropylene monofilament suture with
an atraumatic needle.

Conversely, Chaturvedi et al. [20] demonstrated a
surgical procedure by administering analgesics, such
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as buprenorphine in 0.02 mg/kg concentration, sub-
cutaneously 30 minutes before surgery. After that,
rats were anesthetized by inhalation of a isoflurane
(3%) and 1: 1 surgical oxygen pressurized air mix.
All rats underwent a midline laparotomy and a 0.5
cm segment of the ileum was extracted, 15 cm pro-
ximal to the cecum. lleal continuity was restored
by an inverted single layer end-to-end anastomo-
sis with eight sutures done with 8-0 monofilament
material. Azevedo Coutinho et al. [21] also perfor-
med small intestine anastomosis in male dogs, that
underwent anesthesia with sodium pentobarbital
in @ 30 mg/kg concentration. First, the procedure
started with a jejunum cross section, 30 cm from
the duodenojejunal flexure, followed by an end-to-
end anastomosis using the total single-level suture
technique, the anterior half of the anastomosis was
sutured on the serous surface and the posterior half
was tied over the mucous layer in the lumen of the
organ. Separate single stitches of 4-0 blue mono-
filament polypropylene, pre-assembled with 2 cm
needle (3/8 circle), 3 mm apart, were used.

With that in mind, the researcher must verify the
viability of the Project, worrying about the species
that will be used and the animal’s well-being,through
the appropriate use of anesthetics and materials
during the procedure. Thus, researchers need solid
scientific proof for the research, and needs to be
conscious of the moral responsibility of their acts.

Use of antioxidant substances in intestinal
anastomosis

Ascorbic acid

Ascorbic acid is essential in collagen hydroxylation
procedure and is required for tissue repair process,
in addition to that, it helps capturing oxygen and
preventing ROS formation, therefore acting as an
antioxidant. [11] Based on previous study protocols,
Petroianu et al. [22] acquired promising results when
performing hydrocortisone and vitamin C adminis-
tration in rats, starting 3 days before intestinal anas-
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tomosis. It was shown that the group that received
vitamin C had more suture tension when compa-
red to the control group. In addition, there was no
decrease in suture resistance with hydrocortisone
administration neither in short or long term. Thus,
it is discussed that vitamin C may be beneficial in
preventing complications. However, further studies
on the effects of corticosteroids on gastrointesti-
nal anastomosis are needed. In another study, Pe-
troianu et al. [23] administered only vitamin C 3
days before the surgical procedure and throughout
the postoperative period of the animal. Evaluations
were made on the 3rd, 5th, 7th, 21st and 28th day.
The results showed an increase in healing tension
both in immediate and late postoperative period in
the group that took vitamin C. Nevertheless, it also
highlights that the use of vitamin C increases the
chances of late rupture of the intact jejunal seg-
ment, and further studies are needed to elucidate
its mechanism of action.

Argan Oil

Argan QOll, is obtained from Argania spinose L, from
South Morroco. It is usually used as topical medi-
cation in various diseases, such as acne, eczema
and psoriasis; besides being used in cosmetics, as
shampoos. It is rich in oleic and linoleic fatty acids,
and vitamin E, being mostly known for its antioxi-
dant, anti-inflammatory, anti-hypercholesterolemia,
anti-carcinogenic, anti-acne, anti-obesity, anti-aging
and anti-glycemic properties. [24, 25]

Aiming to investigate its antioxidant power, Bar-
las et al. [26] performed colon anastomosis in 30
female rats, applying argan oil in the suture line of
the experimental group and NaCl 0,9% the control
group. After that, during the post-op, both subs-
tances were rectally applied in its respective groups
for 8 days, until the animals were euthanized. It was
seen that argan oil presented a better scenario con-
cerning rupture pressure, histopathologic findings,
prolidase activity and hydroxyproline levels.

© Creative Commons Attribution 4.0 International (CC BY 4.0) License


https://creativecommons.org/licenses/by/4.0/

Melatonin

Melatonin is a hormone produced in the pineal gland
and has antioxidant properties, acting through the
increase of antioxidant enzyme levels. In addition to
that, it is responsible for the activation of mitogen
activated protein kinases (MAPK) and nuclear-kappa
factor (NF-K), which act on DNA modulation and
damage repair. Its effects had already been des-
cribed in other organs, such as the heart, kidneys,
intestines, lungs and liver. [9]

In order to relate such effects to anastomosis
protection, Ozhan etal. [27] performed an occlu-
sion of the superior mesenteric artery and an ileo-
ileal end-to-end anastomosis. The results showed
that melatonin can prevent the harmful effects of
ischemia and reperfusion processes on intestinal
anastomosis.

Carnitine

L-Carnitine is an amino acid endogenously pro-
duced from lysine and methionine. It has known
effects on ROS inhibition, in situations as preventing
muscle loss in sepsis,. In this sense, Ercan et al. [28]
performed colonic anastomosis and daily adminis-
tered carnitine intraperitoneally in sepsis models in
rats until the 5th post-op day. The results found
that carnitine has protective effects on anastomosis,
even in conditions that affect the healing process,
such as sepsis.

Hypothermia

Hypothermiais a mechanismknowntoreducemeta-
bolic processes byinterferingin theoxidative stress-
process. Oliveira et al. [29] performed hypothermia
(35°) onthe 7th and 14th postoperative days of co-
lonanastomosis. This experiment determined that
hypothermia reduced the amount of superoxide dis-
mutase and catalase enzymes, reducedglutathione,
and increase lipid peroxidation in the anastomoti
chealing process.
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GH and Ghrelin

Ghrelin is an orexigenic hormone associated with
GH secretion by stimulating its receptors and ap-
petite regulation. In addition to these functions,
ghrelin has immunomodulator, anti-inflammatory
and anti-oxidant effects. Wheeless et al. [30] poin-
ted out the positive effects of GH on terminal ileal
anastomosis in radiation-treated rats, while Kara-
hasanoglu et al. [31] also suggested that GH stren-
gthens left colon anastomosis in rats. Based on the
pathophysiological basis that ghrelin stimulates GH
in humans, Ceran et al. [32] applied ghrelin, which
did not affect fibroblast infiltration or neovasculari-
zation at the anastomotic site of the colon, but tests
for resistance to rupture showed improvement.

Caffeicacidphenethylester (CAPE)

CAPE is a flavonoid like and is the active ingredient
of propolis obtained from the bark of coniferous
trees. It is known to have anti-inflammatory, anti-
oxidant and anti-cancer properties, as it works by
changing the arachidonic acid cascade and inhibi-
ting leukotrienes and prostaglandins. Considering
that anastomosis performed in cases of peritoneal
sepsis has a high risk of dehiscence, Teke et al. [33]
aimed to evaluate the effects of CAPE on the hea-
ling left colon anastomosis in rats with septic peri-
tonitis. Among the results, it was pointed out that
this acid significantly improved the process even in
the presence of septic peritonitis, which was clearly
an obstacle to healing, which was evidenced by
the reduction in anastomotic rupture pressure and
increased inflammation levels in histopathology.
However, all these characteristics were prevented in
the group that received CAPE. In another study, the
same author also sought to investigate the effects
of CAPE on the healing of left colon anastomosis
followed by superior mesenteric artery (SMA) ische-
mia and reperfusion (RI). It was concluded that the
RI process in the SMA impaired the healing process
and increased inflammation around the anastomo-
sis, which was reduced by the use of CAPE.
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Eritropoetina

Preoperative radiotherapy is used in the standard
rectal cancer treatment, however it has been shown
to have no positive effects on the healing of colonic
anastomosis, as it directly or indirectly stimulates the
release of ROS and damages DNA. In this sense,
Turku et al. [34] sought to investigate the effects
of an anti-oxidant substance in rats that underwent
preoperative radiotherapy. This substance is Erythro-
poietin (EPO), a hormone produced in the kidneys
and other tissues and has mainly hematopoietic
effect. However, new studies have also pointed to
anti-apoptotic and anti-oxidant effects. The results
showed that some deleterious effects of radiothe-
rapy were prevented by reducing oxidative stress,
necrosis and inflammation.

Bevacizumab

Bevacizumab is an antibody anti-VEGF (anti vascular
endothelial growth factor), immunoglobulin found
in healing tissues and malignant diseases, responsi-
ble for local angiogenesis. Therefore, bevacizumab
is commonly used in association with chemotherapy
in the treatment of metastatic colon cancer, as it
acts blocking tumor angiogenesis. In this regard,
Pavlidis et al. [35] aimed to determine the effects of
this antibody on colonic anastomosis in euthanized
rats, both on the 7th and 14th postoperative days.
However, there were no statistically relevant results
regarding the use of this substance in the healing
of colonic anastomosis.

Protein Supplement (Whey)

Whey is a dairy product composed of whey proteins
with various biological effects, including antioxidant
and immunity enhancing mechanisms. Those effects
are mediated by increased glutathione (intracellular
substance responsible for antioxidation) levels. [36]
Aiming to correlate such effects with anastomosis
healing process, Velioglu et al. [37] performed co-
lonic anastomosis on rats and fed them with whey
supplementation for 3 weeks. The supplementation
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group had significantly higher levels of glutathio-
ne and lipid peroxide. Reductions in lipid peroxida-
tion were shown, evidencing its antioxidant effect.
However, there were no differences in hydroxyproli-
ne content and rupture pressure between the whey
group and the control group. Further studies are
needed to define its specific role in anastomosis.

Propolis

Propolis is the generic name to the substance co-
llected by bees, widely used by lay people. It has
more than 180 substances in its formulation, which
can vary according to the source. Propolis acts in-
hibiting lipoxygenase, cyclooxygenase, glutathione
S-transferase, xanthine oxidase and others. Therefo-
re, it is described as an anti-inflammatory and anti-
tumor substance. Then, Temiz et al. [38] evaluated
the effects of propolis on the healing of intesti-
nal anastomosis in wistar rats, describing that this
substance, regardless of its administration form, had
significantly favorable healing results on intestinal
anastomosis.

Conclusion

Healing process involving intestinal anastomosisis
being described in various studies as a complex
pathophysiological mechanism that is directly con-
nected to oxidative stress. That results in compli-
cations that represent a huge concern in the sur-
gical field. With that in mind, scientific researches
highlight substances that can potentially reducetho-
se complications, such as ascorbic acid, argan oll,
propolis, melatonin, GH, ghrelin, CAPE, erythropoie-
tin, whey, bevacizumab and carnitine. Procedures,
as hypothermia are also used. Most articles found
had statistically relevant results that confirmed the
use of those techniques as a way of improving anas-
tomotic healing, showing the possibility of its the-
rapeutic use in the pharmaceutical industry and the
need to extent researches related to the properties
and procedures here mentioned.
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