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The influence of nicotine in healing of small bowel anastomoses
in rats: angiogenesis and miofibroblasts

A influéncia da nicotina na cicatrizacao de anastomoses do intestino delgado em

ratos: angiogénese e miofibroblastos

James Skinovsky, TCBC-PR'; Osvalbo Mataraia, ECBC-PR?; Mauricio CHiBATA!; FERNANDA TsuMaNUMA3; FLAvVIO PANEGALLI FILHO?;

Marcus Vinicius Dantas be Campos MarTins, TCBC-RJ4.

ABSTRACT

Objective: to know the effect of nicotine on angiogenesis and myofibroblast formation in anastomoses of the small bowel of rats.
Methods: we randomly divided 60 Wistar rats into the groups Nicotine (N) and control (C), according to the proposed treatment. Each
group was subdivided into three subgroups according to the time interval used for the evaluation (7, 14 or 28 days). The N group with
30 animals received nicotine subcutaneously at a dose of 2mg/kg body weight, diluted in 0.3ml of 0.9% saline, twice daily for 28 days
prior to the operation, and for more 7, 14 or 28 days, depending on the subgroup. The C group (also 30 animals) received only saline
on the same conditions and time intervals. After 28 days we carried out an end-to-end anastomosis 10cm distal to the duodenojejunal
flexure in each rat. After 7, 14 or 28 days after surgery, we euthanized ten animals of each group, sent specimens of the anastomosis
areas, 1cm proximal to 1cm distal, to counting of blood vessels and myofibroblasts through immunohistochemical staining by the
application of monoclonal anti-factor VIl antibodies and anti-smooth muscle alpha-actin. Results: the administration of nicotine led to
the decrease in the number of blood vessels measured on the 28th postoperative day and the number of myofibroblasts measured on
the seventh day following completion of the anastomoses. Conclusion: administration of nicotine was deleterious on angiogenesis and
myofibroblast formation in rats’ small intestine anastomoses.
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INTRODUCTION

ith the growing concern and the global de-

bate on the harmful effects of tobacco on
the human body, much attention has been direct-
ed to the adverse consequences of smoking. The
direct and indirect costs related to diseases linked
to smoking consume considerable resources for
health in our country. Neoplasms, cardiovascular
and respiratory diseases associated with smoking
are well documented. However, less attention
has been paid to surgical complications related to
smoking™.

Although tobacco products are consumed
for hundreds of years, only in the twentieth centu-
ry there was a sharp increase in consumption, the
Cigarette being the most important form of use.
[ts toxic smoke has more than 5,000 elements,
of which nicotine is the primary vasoactive com-
ponent, considered to cause the smoker’s addic-

tion, as it strengthens and enhances the desire to
smoke®>6.

The so-called granulation tissue, essential
for a healthy scar development, comes at the begin-
ning of the second stage of healing, called prolifera-
tive, being mainly composed of newly formed blood
vessels (angiogenesis) and modified fibroblasts,
called myofibroblasts4. While angiogenesis provides
the blood supply suitable for the high level of meta-
bolic activity that the healing process requires, myo-
fibroblasts, through their contractile force, approach
the damaged tissue edges’.

In 1977, Mosely and Finseth® drew atten-
tion in a pioneering way to the undesirable effects of
nicotine on tissue healing. Since then, several clinical
and experimental studies have tried to explain these
effects, demonstrating that this substance causes
deficiencies in several factors involved in the healing
process, in areas as diverse as Plastic Surgery and Or-
thopedics®.
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Figure 1 - Nicotine Subcutaneous administration.

Very little is known about the influence of
nicotine on healing of the digestive tract, as well as
the possible mechanisms involved10-13.

The aim of this study is to analyze the ef-
fects of nicotine on the healing process of anasto-
moses of the small intestine of rats as for the num-
ber of blood vessels and myofibroblasts present in
the scar tissue.

METHODS

We performed the experimental procedures
in the Surgical Research Center of the Post-Gradu-
ation Program in Surgery of the Universidade Fed-
eral of Parana, and the immunohistochemical study
at the Pathology Department, Hospital de Clinicas,
Universidade Federal do Parana, and at the Instituto
de Pesquisas Médicas (Ipem) of the Hospital Univer-
sitario Evangélico de Curitiba, being duly previously
reviewed and approved by ethics in research review
committees of the aforementioned institutions.

This study used 60 male Wistar rats aged
160-200 days (average 180) and weighting between
270 and 290g, coming from the Instituto de Tec-
nologia do Parana (TECPAR), being held in 12-hour
day / night cycles and constant room temperature
of 240C. The animals fed on chow proper for the
species and had free access to water throughout the
experiment.

We randomly divided the rats into two
groups: Group N, with 30 animals submitted to the
application of nicotine; and Group C, also with 30

rats, which served as a control. Each group was divid-
ed into three subgroups of ten rats each. They were
thus named N7, N14, N28, C7, C14 and C28, ac-
cording to the postoperative evaluation time.

In group N nicotine was administered (Nic-
otine dihydrogen tartrate salt — Sigma, Saint Louis,
Missouri, USA) subcutaneously (Figure 1) at the dose
of 2 mg per kg bodyweight twice a day (12/12 hours)
diluted in 0.3 ml 0.9% saline and adjusted to pH 7.4,
for an initial period of 28 days prior to the surgical
procedure. In group C we proceeded in an identical
manner, though substituting the nicotine for 0.9%
saline solution. The rats were weighed weekly, and
the dose of nicotine adjusted when necessary. This
dosage was established after calculation so that the
amount of nicotine were equivalent to two cigarette
cards per day in an adult human.

On the 28th day of application we with-
drew feeding for 12 hours prior to the operation,
maintaining free access to water. The surgical proce-
dure took place the next day.

The rats were subjected to inhalation anes-
thesia with halothane in a fume cupboard. We asep-
tically held a 4 cm long laparotomy and performed
an intestinal anastomosis 10 cm distal to the duode-
nojejunal flexure, performing a cross section of the
isolated bowel loop and an end-to-end anastomosis,
with 6-0 polypropylene suture in a single plane with
separated full-thickness stitches, in a total of eight
stitches (Figure 2). The wall of the abdomen was
closed in two planes, with a continuous running su-
ture with 3-0 multifilament polyglactin. The animals
received free access to water immediately, and to
food, 12 hours after the procedure.

The administration of nicotine or saline
solution remained even on the day of operation and
for more 7, 14 or 28 days according the animal’s sub-
group, and on the same already reported conditions,
when we held a new inhalational anesthesia and har-
vested the anastomosed segments considering 1 cm
proximal to 1 cm distal to the anastomotic line, pre-
serving the specimen in buffered formalin.

Forimmunohistochemical staining we ap-
plied anti-factor VIIl monoclonal antibodies (poly-
clonal, Code 0082 - DakoCytomation - Carpin-
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Figure 2. Anastomosis construction in the small intestine. A) intact intestine; B) section of the intestinal loop; C) anastomosis.

teria, USA) and anti-smooth muscle alpha-actin
(Monoclonal Antibody, M0851 Code - DakoCy-
tomation - Carpinteria, USA). We identified the
myofibroblasts positivity in the areas of brownish
pigmentation and we used positive and negative
controls.

We identified the number of blood vessels
by counting the circular structures positively stained
by the anti-factor VIII antibody, which reveals the en-
dothelial cells of the vessels’ tunica intima. Count-
ing was done in the area of the anastomosis, in a
extension 10 mm proximal and 10 mm distal to it
(total 20mm included with the anastomosis) with 10x
magnification.

As for the quantification of myofibroblasts,
we counted the perianastomotic cells positively
stained for anti-smooth muscle alpha-actin antibody
in a high-power field (40X objective). The scanned
images were captured and analyzed by Image Pro
Plus (Media Cybernetics, California, USA), through
the “Measures” tool.

For each of the quantitative variables we
adopted the Mann-Whitney nonparametric test, at a
5% significance level.

RESULTS

The evaluation of the number of blood
vessels in the area of the anastomosis in the various
phases of the postoperative period can be seen in
Table 1. The administration of nicotine lead to a de-
crease in the number of blood vessels measured on
the 28th postoperative day and in the number of my-
ofibroblasts measured on the seventh day after the
anastomoses.

The microscopic appearance of blood ves-
sels with positivity for anti-factor VIII in shown in
Figure 3.

The quantification of myofibroblasts in the
various postoperative stages is shown in Table 2. An
image of a myofibroblast stained by anti-alpha-actin
antibody is seen in Figure 4.

DISCUSSION

In this experiment we observed that the use
of nicotine led to a statistically significant decrease
in the number of blood vessels on the 28th postop-
erative day and in the number of myofibroblasts on
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Figure 3. Blood vessels with intima stained in brown, showing positivi-
ty for anti-factor VIl (original magnification 100X).

the seventh day following completion of the anasto-
moses. Similarly, many previous studies determined
that this drug acts negatively on the healing process
in various tissues, leading to tissue vasoconstriction,
decreased proliferation of lymphocytes, fibroblasts
and collagen, among others14-21. The lymphocytes
are an important source of angiogenesis-inducing cy-
tokine production. Therefore, reduction of lympho-
cytes by nicotine18 can lead to decreased formation
of new blood vessels in the scar tissue, as observed
in this study. It is important to remember that the
oxygen carried through the new vessels is a key fac-
tor in the synthesis of collagen, mainly responsible
for the resistance in the scar tissue. Thus, decreased
angiogenesis, with consequent deficit of oxygen in
the scar tissue, may be one explanation for the de-
crease in collagen production and rupture strength
in the region of intestinal anastomoses identified by
previous studies3,7.

Table 1. Number of blood vessels in the 7th, 14th and 28th postoper-
ative days

Figure 4. Myofibroblasts stained in brown (anti-smooth muscle al-
pha-actin antibody), showing polygonal shape with cy-
toplasmic projections and vesicular nuclei (400X original
magnification).

Therefore, nicotine may exert inhibiting ef-
fect on angiogenesis through several mechanisms:
a- inhibition of angiogenic factors, either by direct
negative action in their release mechanism or by del-
eterious effects on the cells that produce them, such
as lymphocytes and fibroblasts5,13,18,19; b- direct
deleterious effect on the endothelial cells5,11,19.

Nicotine also reduces the formation of fi-
broblasts in the healing process of intestinal anasto-
moses, which explains the deficit of collagen, main-
ly responsible for local rupture strength5.13, since
these cells are the main source of production of that
protein. As fibroblasts are the precursor cells of my-
ofibroblasts, whose main function is to promote the
approximation of the healing wound edges, the very
formation of the latter would also be compromised.

Nicotine may therefore have a negative effect
on the proliferation of myofibroblasts through different
mechanisms: a- inhibition of the fibroblast precursors of

Table 2. Quantification of myofibroblasts number on the 7th, 14th
and 28th postoperative days

thlrgstzzlrsof Group Mean + SD p value m},/\l;‘rig?glgl?;ts Group Mean + SD p value

7 days Control 170.89 £ 57.74 1.0000 7 days Control  19.67 +6.16 0.0206
Nicotine 159.33 £ 72.46 Nicotine  13.63 +2.62

14 days Control ~ 177.56 + 126.66 0.2973 14 days Control  16.75+6.16 0.6730
Nicotine 107.89 £ 59.24 Nicotine  17.89 +5.99

28 days Control 118.67 +71.48 0.0027 28 days Control  16.67 +6.06 0.0027
Nicotine 62.11 +57.26 Nicotine  14.63 + 3.89
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myofibroblasts, either by direct action or by decreasing
the oxygen level at the injury site, hampering multiplica-
tion and the functioning of these cells13; b- inhibition
of cells producing fibroblast-proliferation stimulating
cytokines, such as macrophages and lymphocytes15.
Many can be the mechanisms by which nic-
otine can exert harmful effects on the normal healing

RESUMDO

process. These should be clarified by further studies,
as there are not enough previous works in the litera-
ture that have done this analysis for comparison.

In conclusion, according the data presented
in this study, administration of nicotine was deleteri-
ous to angiogenesis and to myofibroblast formation
in anastomoses of the small intestine of rats.

Objetivo: conhecer o efeito da nicotina sobre a angiogénese e formacéo de miofibroblastos em anastomoses do intestino delgado de

ratos. Métodos: sessenta ratos Wistar foram divididos de maneira aleatéria em grupos Nicotina(N) e Controle (C), conforme o tratamento

proposto. Cada grupo foi subdividido em trés subgrupos, de acordo com o intervalo de tempo utilizado para a avaliacao (7, 14 ou 28 dias).

O grupo N, com 30 animais, recebeu nicotina por via subcutanea, na dose de 2mg/Kg de peso, diluida em 0,3ml de solucéo salina a 0,9%,

em duas aplicacées diarias, durante 28 dias prévios a operacdo e por mais 7, 14 ou 28 dias, conforme o subgrupo. O grupo C (igualmente

com 30 animais) recebeu somente a solugdo salina nas mesmas condicoes e intervalos de tempo. Apds 28 dias efetuou-se, em cada rato,

anastomose término-terminal a 10cm da flexura duodenojejunal. Apds 7, 14 ou 28 dias da cirurgia, os dez animais de cada subgrupo foram

eutanasiados, sendo que as areas anastomosadas, 1cm proximal a 1cm distal, foram encaminhadas para contagem de vasos sanguineos e

miofibroblastos, através de coloracdo imuno-histoquimica por aplicacao dos anticorpos monoclonais antifator Vil e anti-alfa-actina muscu-

lar lisa. Resultados: a administracédo de nicotina levou a diminuicdo do nimero de vasos sanquineos aferidos no 282 dia pds-operatdrio e do

numero de miofibroblastos aferidos no sétimo dia apds a realizacdo das anastomoses. Conclusao: a administracao de nicotina foi deletéria

sobre a angiogénese e formacao de miofibroblastos em anastomoses do intestino delgado de ratos.

Descritores: Cicatrizacdo. Nicotina. Intestino Delgado. Anastomose Cirtrgica. Ratos.
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