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ABSTRACT

PURPOSE: To compare ileal anastomoses in the immediate postoperative healing period after meloxicam use.

METHODS: Forty two male Wistar rats were randomly divided into two groups of 21, COX and control group. To COX meloxicam in
combination with morphine was given in 3 days period. Control group received only morphine during the same period. Each group was
divided into three sub-groups of 7, which were euthanized at 5, 10, and 21 days postoperatively. Comparison was based in histological
evaluation of collagen type I and III using sirius red, immunohistochemical through vascular endothelial growth factor and matrix
metalloproteinase-9.

RESULTS: Healing process in scheduled periods did not show significant differences (p>0.05) between the COX and control groups
during any of the periods.

CONCLUSION: The use of meloxicam in the postoperative period following ileal anastomosis did not affect healing.
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Introduction

The effects of non-steroid anti-inflammatory drugs on
intestinal healing are still poorly understood and controversial.
Some authors have reported that non-steroid anti-inflammatory
drugs promote intestinal healing, while others have shown their
deleterious effects on intestinal healing by increasing the rate of
anastomotic dehiscence which consequently leads to a higher
mortality rate'*. Also herbal medicines from Amazon region in
Brasil had demonstrated some influence in wound healing>!.

The process of gastrointestinal healing, which is
comprised by the stages of inflammation, deposition, and
maturation of collagen, resembles the process in other wounds but
is influenced by the peritoneum, which reacts to different trauma
with peritonitis and/or formation of adhesions, as well as by the
multiple layers of the gastric or intestinal wall'?!3. The gain in
strength during healing from gastric and intestinal sutures under
normal conditions is faster than in sutures placed in skin and
tendons; the production of collagen from smooth muscle fibers,
observed in the gastrointestinal tract, does not occur in the dermis,
and regulation of collagen synthesis in the gastrointestinal tract is
different from that observed in the skin'*. The inflammatory phase
is intense in the intestine and longer in the large intestine than in
the small intestine'®.

Collagen is the main component of the extracellular
matrix of the tissue. It is structured into a dense and dynamic web,
as a result of its constant deposition and reabsorption. Glandular
tissues in the digestive tract seem to concentrate more collagen
compared to non-glandular in wounds evaluated up to 40 days
after surgery. The amount of collagen changes in the gut during
the period after anastomosis, especially in the peri-anastomotic
region's. This variation is the result of the interaction between
its synthesis, uptake, and degradation in the scar tissue'’. Three
subtypes of collagen (I, I1I, and V) have been identified during the
healing process in the small intestine. Collagen type I and III reach
more significant proportions, and the relationship between them
has greater importance in the study of anastomotic healing'$-%°.

Degradation of the collagen in the extracellular matrix
is obtained by a family of metalloproteinases which separate
intact fibers into smaller fragments that can be phagocytosed
and subsequently degraded by lysosomal enzymes into their
constituent amino acids'®?!.

Chai et al.? demonstrated that both cyclooxygenase-1
(COX-1) and cyclooxygenase-2 (COX-2) are important in
regulating angiogenesis, and that non-steroidal anti-inflammatory

drugs which are selective or preferential for COX-2 inhibit the

effects of angiogenesis in a similar manner to non-selective or
non-preferential anti-inflammatory drugs.

Other studies have also suggested that both COX-1 and
COX-2 are important in the formation of collagen during wound
healing, and that their deficiency may lead to alterations in the
development of granulation tissue and re-epithelialization by
inhibiting the proliferation of keratinocytes!>!%2023,

Meloxicam is a modern derivative of oxicam which
develops a preferential inhibitory activity on COX-2 in the
biosynthetic prostaglandin cascade, and is commercially available
in oral or injectable formulation. Intravenous or subcutaneous pre-
operative administration of meloxicam in dogs at a dose 0.2 mg/kg
has been shown to provide effective postoperative analgesia for up
to 24 hours after application?!.

Angiogenesis is an essential process for the formation
of new blood vessels from pre-existing capillaries??. It is an
important event in various physiological phenomena such as
embryonic development, chronic inflammation, and tissue repair.
Considering these conditions, angiogenesis is highly regulated;
it begins over short periods (days), and then is completely
inhibited. Angiogenesis involves the proliferation and migration
of endothelial cells, remodeling of the extracellular matrix,
tubular formation, recruitment of adjacent structures to support the
neovessels, anastomoses, and basal membrane development*?.
Vascular endothelial growth factor (VEGF) is a mitogen specific
to endothelial cells which is produced by various cell types such
as keratinocytes, fibroblasts, and macrophages'®?*2, It is also
known to increase vascular permeability and to be involved in
the occurrence and progression of the inflammatory process. It is
a chemical mediator of the healing process and its receptors are
classified as VEGFR-1, VEGFR-2, and VEGFR-3%7-3!

Angiogenesis cannot be discussed without citing
the importance of metalloproteinases in cellular events such
as cell migration, invasion, proliferation, and apoptosis.
They are responsible for the regulation of processes such as
morphogenesis, angiogenesis, healing, and the degradation of
the extracellular matrix®>*. Endothelial cells synthesize several
metalloproteinases®; among these, MMP-9 plays an important
role in angiogenesis¥.

The objective of this study was to evaluate the influence
of meloxicam on the ileal enteroanastomosis cicatrization
by performing histological, as well as immunohistochemical

assessment.

Methods

The study was approved in advance by the Positivo

University Research Ethics Committee and registered under
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process 016/2008. It was conducted in the Experimental Surgery
Laboratory at the vivarium of Universidade Positivo, Curitiba PR,
Brazil.

Forty two male Wistar rats (Rattus norvegicus albinus)
were used with an average weight of 250 g. Environmental
conditions were controlled electronically, with a temperature of
22°C and a 12-hour light-dark cycle. The animals were identified
and kept individually in metabolic stainless steel cages. During a
three-day acclimatization period before the start of the experiment,
the rats had drinking water and rat chow ad libitum. After the
acclimatization period they were weighed and randomly divided
into two groups, each containing 21 animals, according to the type
of treatment: control group (CTL) without anti-inflammatory and
COX group (COX) with meloxicam. Each group was divided into
three subgroups of 7 animals each, which were euthanized at 5,
10, and 21 days postoperatively, periods which took into account

angiogenesis, the deposition and stabilization of collagen®.

Surgical and anesthetic procedure

The animals were clinically evaluated to observe the
processes of dehydration, wounds, and physical condition.
They received general anesthesia via intramuscular injection of
butorphanol tartrate followed by maintenance inhalation of 100%
isofluorane combined with 100% oxygen®. Each anesthetized
animal was positioned on the operating table in dorsal decubitus.
Next they were shaved and the abdomen received antiseptic
treatment using chlorhexidine gluconate 2%. Subsequently, the
surgical fields were established and a 4 cm incision was made
along the midline of the abdomen to access the abdominal cavity.
After inspection of the cavity, the distal segment of the ileum was
located and sectioned around its circumference (enterotomy).
Next, terminoterminal anastomosis was performed using one
suture line, totaling 8 simple separated stitches using monofilament
nylon 6-0%,

Clinical and experimental handling

Immediately after the surgery, the COX animals received
0.5 mg/kg of subcutancous meloxicam, which was maintained
every 24 hours for three days. Four hours after the surgery, all
animals received 2 mg/kg of subcutaneous morphine’, which was
maintained every 12 hours for three days. During the postoperative
period, the animals were clinically evaluated to identify pain and
signs of infection. No antibiotics was used, and no postoperative

complications were seen.
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At 5, 10, and 21 days after surgery the animals were
euthanized using a lethal dose of anesthetic, corresponding to four
times the value of the induction dose. Immediately after verification
of death, each rat underwent median laparotomy and careful
inspection of the cavity. After lysis of adhesions, the anastomoses
were sectioned with margins of 3 cm on each side to produce a 6
cm segment of intestine. This sample was stretched over a piece
of filter paper and stored in a flask containing formalin 10% for

subsequent pathological and immunohistochemical assays**,

Histological and immunohistochemical evaluation

The samples were prepared for histological evaluation
and five samples were obtained from the same anastomosis
through a single 4um thick microtome slice The slides were
stained using three different methods: hematoxylin-eosin, Masson
trichrome, and picrosirius red F3BA (Figure 1). The remaining
two slides were used for immunohistochemical (Figure 2) marking
with antibodies to metalloproteinase-9 and VEGFr (recipient of

the vascular endothelial growth factor).

FIGURE 1 - Meloxicam average. Ileum anastomosis, 21 days after
surgery. Type-II collagen. Picrosirius-red. Obj. 40x84x63mm (300 x
300DPI).

surgery. A) Gray colour of cells with VEGFr receptors. B) Brown colour
of metallopreoteinase antibody. Obj. 40x80x28mm (300 x 300 DPI)
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The assays in the area of the anastomosis were completed
using data obtained from the mean quantitative expression of
collagen in five sample areas from ileal wall of each rat. Five
microscopic fields representative of the anastomotic area with total
x200 increase were captured using the computerized Image Pro
Plus® system version 6.0 and an Olympus® BX-40 microscope with
a light polarizer and a Sony® camera. The type I and III collagen
was identified and quantified by the program and expressed as a
percentage® (Figures 1 and 2).

To quantify the expressions of metalloproteinase-9 and
VEGFr-1, the samples were treated with an Advance kit (Dako®
at the Experimental Pathology Laboratory of the Pontifical
Catholic University of Parand, Curitiba, PR, Brasil. The positive
controls proving the efficiency of the antibody were samples of
human placenta for metalloproteinase-9 and an injured artery for
VEGFr. The sections were dewaxed after blocking the endogenous
peroxidase with a solution of hydrogen peroxide and methanol
5%. The antigenic recovery was done in Immuno Retriever
(Dako®) device. The area of the section was demarcated using
a Dako hydrophobic pen (Dako®). Aliquots of the antibodies to
metalloproteinase-9 (MMP-9) and VEGFr were pipetted onto the
samples. The sections were washed and bathed for 15 minutes
in pH 7.3 tris-buffered saline. Next, the sections received the
Advance link (Dako®). After 30 minutes they were rinsed in the
buffered solution and treated with the Advance enzyme (Dako®).
After 30 minutes, the sections were washed in the buffer, dried, and
exposed to chromogen DAB at 1:1 dilution in buffer solution until
a brown color was visible. The sections were then immediately
washed in distilled water to interrupt the precipitation reaction. The
sections were then counterstained with Harris hematoxylin for five
minutes, and subsequently washed in running water. Dehydration
with absolute ethyl alcohol was followed by diaphonization in
xylene.

Three fields the

anastomotic area with a total x200 increase were captured

microscopic representative  of
using the computerized Image Pro Plus® system version 6.0
(Media Cybernetics, California, USA) and an Olympus® BX-
51 microscope with a light polarizer. This system allowed
quantification of the area occupied by each complex type, in other
words, the expression of MMP-9 and VEGF-1 in the anastomotic

scar’’,

Statistical analysis

For statistical analysis the nonparametric Mann-

Whitney test was used. The level of significance adopted was 5%

(0=0.05). The calculations were carried out using the statistical
software Graph Pad Prism Version 3.0 for Windows (San Diego,
California, USA). The data obtained by quantifying the elements
were compared between the two groups at days 5, 10, and 21 after

surgery.
Results

This study demonstrated that the use of meloxicam
during the postoperative period after ileal anastomoses in Wistar
rats did not significantly affect (p>0.05) the time of collagen
fiber synthesis by activated fibroblasts. Immunohistochemical
assessment of MMP-9 and vascular endothelial growth factor also
demonstrated that meloxicam did not have significantly impact
(p>0.05) in angiogenesis and fibroblastic phase of the repair
process.

According to the data obtained, no differences were
observed (p>0.05) between the control group (CTL) and the
meloxicam group (COX) during the proliferative phase of healing
in the ileum anastomosis.

When comparing the results of the evaluations throughout
the entire post-operative period in relation to the behavior of type I
and III collagen fibers, there was no significant difference (p>0.05)
between the CTL and COX groups.

Evaluation of the samples on days 5, 10, and 21 post-
procedure in both groups showed no significant differences

(p>0.05) in the repair process(Tables 1 and 2).

TABLE 1 - Averages and standard deviation of the sums
related to areas occupied by the fibers of collagen type I and III of
the five fields captured in the anastomotic scar \r\n84x34mm (300
x 300 DPI). 84x34mm (300 x 300 DPI)

Group Control Meloxicam
Average * Standard average *
deviation Standard
(um) deviation (um)

5 days - Collagen type lll

10 days - Collagen type lll

21 days - Collagen type lll
5 days - Collagen type |

2525 + 545.4 (n=7)
2267 + 377.7 (n=7)
2895 + 509.5 (n=7)
907.0 + 188.5 (n=7)

2293 + 200.3 (n=7)
4097 + 1562 (n=7)
2986 + 607.8 (n=7)
7535+ 133.8
(n=7)
2422 + 741.3 (n=7)
1487 + 3886 (n=7)

10 days - Collagen type |
21 days - Collagen type |

9761 £ 177.1 (n=7)
1634 £ 294.4 (n=7)
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TABLE 2 - Averages and standard deviation of the sums
related to areas occupied by metalloproteinases 9 and cells with
receptors for VEGF, respectively, of the five fields captured in the
anastomotic scar 77x27mm (300 x 300 DPI).

Group Control Meloxicam
Average * Standard average * Standard
deviation (um) deviation (pm)
5 days VEGF 1387 £ 501,4 (n=7) 1628 + 1236 (n=7)

10 days VEGF
21 days VEGF
5 days MMP9
10 days MMP9
21 days MMP9

3058 + 1047 (n=7)
1624 £ 6229 (n=7)
5255 & 1879 (n=7)
4936 + 5341 (n=7)
5174 1358 (n=7)

3818 £ 541,4 (n=7)
2264 £ 834,1 (n=7)
6322 + 2435 (n=7)
9015 +521,0 (n=7)
5430 + 1430 (n=7)

There was no significant difference (p>0.05) in the
assessment of the elements that represent the proliferative phase
of wound healing with meloxicam and those who did not receive
this drug.

In this study,

immunohistochemical assays used to assess the composition

according to the histological and

of collagen in the scar and angiogenesis factors, preferential

inhibition of COX-2 by meloxicam did not affect healing.

Discussion

The participation of arachidonate derivatives is evident
from the beginning of the repair process, when thromboxanes
signal platelets, promote vasoconstriction, and act as chemotactic
gradients in the extracellular matrix; this is followed by the overt
involvement of prostaglandins in maintaining the chemotactic
gradient, as inhibition of prostaglandins can affect related
processes®’. This study demonstrates that the use of meloxicam did
not have significantly impact (p>0.05) at the time of synthesis of
collagen fibers by the activated fibroblasts. They were preserved
by the matrix through the chemotactic gradient, which is largely
the result of prostaglandins derived from macrophages, and of
course by the action of cicloxigenases. In order for these activated
fibroblasts to synthesize collagen fibers, this must occur alongside
angiogenesis, which is promoted by growth factors, low oxygen
tension in the tissue, and metalloproteinases which participate in
vessel channeling. Through the immunohistochemical assessment
of MMP-9 and vascular endothelial growth factor, this study also
showed that meloxicam did not have significant impact (p>0.05)
in angiogenesis and fibroplasia phases of healing in the ileal
anastomosis.

Evidence of neovascularization between the second
and third days after enterectomies was cited by Jiborn et al. in
1980, when these authors also confirmed that in the first 12 hours

fibroblasts reached the damaged region and began to multiply,
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accounting for the total production of intestinal collagen. That
interference by anti-inflammatory drugs used in the immediate
postoperative period may alter this scenario. Comparison between
the two groups in this study demonstrated that meloxicam had no
influence on the ileal anastomoses in rats.

According to Minossi et al.*, meloxicam could lead to
delayed intestinal healing by two mechanisms: first, by inhibiting
the formation of prostaglandins, and consequently slowing
cell regeneration and revascularization of the scar. The second
mechanism occurs through a direct process of tissue injury at the
mitochondrial level of the enterocytes, permitting an increase
in the inflammatory process through bacterial proliferation and
translocation. Therefore, we produced a study in which was
evaluated the intestinal healing process by quantification and
qualification of the collagen and by the immunohistochemistry of
factors related to neovascularization. This study model showed
that selective or preferential inhibition of prostaglandin synthesis
by meloxicam did not affect the repair process after intestinal
anastomosis, when the behavior of the type I and type III collagen
fibers were assessed, nor did it impact the expression of MMP-
9 and endothelial cells with receptors for VEGF. It is possible
that inflammatory modulation and patient comfort during the
immediate postoperative period justifies the results we obtained
and confirms those obtained in the studies by Enberg et al.’®.

When comparing the results during all postoperative
periods with regard to the behavior of the collagen I and III,
no difference was seen (p>0.05) in the CTL and COX groups,
demonstrating that the proliferative phase of wound healing is
not affected by meloxicam to the point of altering the synthesis
and maturation of these fibers. Similar results were obtained by
Tognini et al..

Non-steroid anti-inflammatory drugs may diminish
the second wave of chemical mediators, which are byproducts
of the breakdown of arachidonic acid and impact the healing
process*#, The impact of meloxicam on the inflammatory stage
in this study was not significant, perhaps because it is preferential
to the inhibition of cyclooxygenase-2, which is believed to be
inductive in tissue injuries and at the same time does not inhibit
the cicloxigenases, behaving only like a modulating drug!>384142,

Chai et al.® have shown that selective and preferential
inhibitors for COX-2 inhibit the effects of angiogenesis. Other
studies have also suggested that both COX-1 and COX-2 are
important in the formation of collagen during wound healing, and
that their deficiency may lead to alterations in the development
of granulation tissue and re-epithelialization by inhibiting the

proliferation of keratinocytes'>!%!°. According to the histological
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and immunochemical assessments used in this study to evaluate
the composition of collagen in the scar and factors that participate
in angiogenesis, the preferential COX-2 inhibitor meloxicam did
not demonstrate any changes in healing when the two groups were
compared.

While Clark?! reported reduced byproducts of the
degradation of arachidonic acid and negative impacts on healing
resulting from the use of non-steroid anti-inflammatory drugs, the
groups compared in this study did not show significant differences
in behavior and did not confirm this damage.

The metalloproteinases collaborate in inactivating the
endothelial cells with receptors for VEGF as a way of keeping
vascular proliferation in balance. There is homeostasis between
the heightened presence of metalloproteinases and the activation
of endothelial cells with receptors for VEGF. It is synthesized
by macrophages and the MMP-9 comes from neutrophils; in
other words, both are of inflammatory origin and released in
response to inflammatory mediators, which may be reduced in the
presence of anti-inflammatory substances®*2. The group which
used meloxicam in this study was able to modulate inflammation

without altering angiogenesis in ileal anastomosis in rats.

Conclusion

The use of meloxicam in the postoperative period

following ileal anastomosis did not affect healing.
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