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ABsTRACT. Matrix metalloproteinases (MMPs) 2 and 9 are zinc-dependent endopeptidases that contribute to the control of breakdown and
reconstitution of extracellular matrix under both normal and pathological conditions. The main objective of this study was to identify the
presence of MMP-2 and -9 in the mucosa of the small and large intestines of clinically healthy beagle dogs using gelatin zymography
technique. Intestinal mucosa samples from four different parts of the intestine (duodenum, jejunum, ileum and colon) were taken from 12
healthy laboratory beagle dogs and examined histologically. Based on WSAVA histology standards, recorded findings of all samples were
considered insignificant. Pro-MMP-2 and -9 activities were found in 17/48 (35%) and 25/48 (52%) of the samples, respectively. Among
four different parts of the intestine of 12 dogs, the ileum had the highest positivity rates of 7/12 (58.3%) and 8/12 (66.7%) for pro-MMP-2
and -9 activities, respectively. However, statistical analysis showed no significant difference of pro-MMP-2 and -9 activities between the
separate parts of the intestine (P>0.05). None of the intestinal samples showed gelatinolytic activity corresponding to the control bands of
active MMP-2 and MMP-9. This study showed that pro-MMP-2 and -9 could be detected in the intestinal mucosa of healthy dogs using
zymography, which seems to be a useful tool to evaluate the role of MMP-2 and -9 in the pathogenesis of canine chronic enteropathies,

including inflammatory bowel diseases.
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Matrix metalloproteinases (MMPs) are a group of zinc-
dependent endopeptidases that contribute to the control of
breakdown and reconstitution of the extracellular matrix
(ECM) under both normal and pathological conditions
[24, 31, 39]. They have been divided into subtypes based
on substrate specificity and structural homology including
the collagenases, stromelysins, gelatinases, elastases, mem-
brane-type MMPs and others (e.g. matrilysin, enamelysin)
[39]. The activity of MMPs is controlled by several types
of inhibitors, of which the tissue inhibitors of metallopro-
teinases (TIMPs) and alpha-macroglobulins are the most
important [41]. Among the MMPs, MMP-2 and MMP-9
are also referred to as gelatinases A (72 kDa) and B (92
kDa), respectively. Both MMP-2 and -9 degrade similar
substrates, such as gelatin, collagen types IV and 'V, elastin,
laminin, fibronectin and proteoglycans [11, 12, 40]. MMP-2
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is most commonly expressed in normal adult tissue and is
primarily produced by stromal cells, including fibroblasts,
myofibroblasts and endothelial cells [10, 16]. MMP-9 is
mainly synthesized by inflammatory cells, particularly poly-
morphonuclear leukocytes (PMNL, mainly neutrophils and
eosinophils) and is found to a lesser extent in monocytes,
macrophages, lymphocytes and epithelial cells [10, 12, 14,
15, 23]. In immunohistochemical studies of normal human
colon, MMP-2 staining has been observed mainly in stromal
cells [10, 16]. Positive staining for MMP-9 was observed in
PMNL, epithelial cells and the stroma of normal colon [10,
16, 23, 24]. Under normal conditions, MMPs are present in
intestinal tissues at low levels, usually in the pro-form where
they are responsible for normal physiological intestinal
epithelial-cell turnover [39].

In normal human colon mucosa, pro-MMP-2 and -9
were mostly detected using gelatin zymography assay [2,
10]. Zymography is one of the most common techniques
for evaluating samples for gelatinolytic MMPs. It is a gel-
based enzymatic assay for detection and semi-quantitative
assessment of gelatinolytic enzymes’ activities [3, 21, 35].
An important advantage of zymography is the possibility of
identifying both the pro-enzyme and active forms of MMPs
in the same assay on the basis of their molecular weight [3,
8, 41].
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Recent research in human medicine has focused on the
presence and role of MMPs in the intestinal tissue of healthy
subjects and patients suffering from inflammatory bowel dis-
eases (IBD) [10, 16, 24]. IBD is a common gastrointestinal
disorder in humans and companion animals, such as dogs,
and is characterized in both by chronic periods of exacerba-
tion and remission, even when the histologic background of
human and canine IBD differs [5, 34]. In humans, MMP-2
and -9 play an important role in the pathogenesis of IBD,
and their activities have been determined in both normal and
IBD colons [2, 10, 16, 24]. In intestinal IBD tissues, protein
levels of MMP-2 and -9 are reported to be increased when
determined by either zymography, enzyme-linked immuno-
sorbent assay (ELISA) or western blotting [2, 10, 16].

In dogs, there have been only few studies on MMPs. In
healthy dogs, MMP-2 and -9 have so far been determined in
cerebrospinal fluid (CSF), aqueous humor and iridocorneal
drainage angle tissue [3, 43]. MMP studies in serum and/
or tissues of canine patients included several disorders, such
as rheumatoid arthritis [6], Alzheimer’s-like disease [20],
dilated cardiomyopathy [13], pulmonary eosinophilia [35],
myxomatous mitral valve disease [21], mammary tumors
[1], osteosarcomas [18], mast cell tumors [19] and other
tumors [22]. In dogs, zymography technique was used in all
these studies [1, 3, 6, 13, 18-22, 35, 43] to determine MMP-
2 and -9 activities. However, immunohistochemistry [1, 22],
ELISA [3, 6] and western blotting [35] were also used in
some studies. To our knowledge, thus far, there have been no
reports about MMP determination in intestinal samples from
healthy dogs or dogs suffering from IBD.

Using zymography for MMP detection, the aim of this
study was to follow the hypothesis that MMP-2 and -9 are
present in the mucosa of the small and large intestines of
clinically healthy beagle dogs.

MATERIALS AND METHODS

Samples collection and processing: Tissue samples were
taken during post mortem examinations from the intestine
of 12 healthy laboratory beagle dogs (8 males/4 females,
age 10-13 years), after finishing another non-related study
which was approved by the Finnish National Animal Experi-
ment Board (study license No. ESLH-2007-09833/Ym-23).
The dogs participated in dietary studies and were kept under
the same environmental and nutritional conditions before
they needed to be euthanized. They were housed according
to European Union guidelines in groups in indoor pens with
possibilities to use outdoor runs. The indoor environmental
temperature was maintained at a range of 15-24°C. The dogs
were exposed to both natural and artificial light (from 07:00
to 16:00). They were fed with a standard commercial diet
and were determined to be healthy based on history, physical
examination, complete blood count, serum biochemistry and
fecal examination. Immediately after euthanasia, the intes-
tine was opened longitudinally and flushed with cold saline.
Full-thickness tissue samples were taken from four different
parts of the intestine (duodenum, jejunum, ileum and colon)
and were snap frozen in liquid nitrogen and stored at —80°C
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until histological and zymographic analyses. For histologic
evaluation, parts of the frozen intestinal tissue samples were
later slowly thawed and fixed in 4% formaldehyde solution
in phosphate buffered saline (PBS) at 8°C under permanent
automatic rotation of the sample tube. Then, the samples
were trimmed and paraffin wax embedded. Sections (3-5
um) were prepared and stained with hematoxylin and eosin
for histological examination.

Assessment of intestinal health: All dogs were clinically
healthy without any signs of gastrointestinal diseases based
on history, physical examination and laboratory examination
of feces and blood. Histological assessment of the intestinal
samples was performed using the guide lines of the World
Small Animal Veterinary Association (WSAVA) Gastrointes-
tinal Standardization Group [7]. In all small bowel samples,
5 morphological features (villous stunting, epithelial injury,
crypt distention, lacteal dilation and mucosal fibrosis) and 3
types of infiltrated leukocytes (intraepithelial lymphocytes,
lamina propria lymphocytes and lamina propria neutro-
phils) were selected and scored from 0 to 3 according to the
WSAVA standardization guidelines. In the colonic samples,
crypt hyperplasia, dilatation and distortion were additionally
evaluated. The total scores were classified as insignificant
(scores 0—4), mild (scores 5-9), moderate (scores 10—14),
severe (scores 15-19) or very severe (scores >20).

Sample preparation for zymography: Mucosa samples (50
mg) were taken from the snap frozen intestinal tissues and
homogenized for 2 x 50 sec with 5,000 x g in ice-cold extrac-
tion buffer (20 ul/mg tissue) containing 50 mM Tris Base,
150 mM NaCl, 10 mM CacCl,, 0.2 mM NaNj; and 0.01%
Triton X-100 (pH 7.6) in the presence of EDTA-free protease
cocktail tablets (Complete EDTA-free tablets, Roche, Basel,
Switzerland) using Precellys 24 ceramic beads (Bertin tech-
nologies, Paris, France) [4]. After homogenization, samples
were centrifuged at 13,000 x g at 4°C for 10 min, and the
supernatants were collected and stored at —80°C for measure-
ment of MMP-2 and MMP-9 [31]. Protein concentrations
of the supernatants were measured with bicinchoninic acid
protein assay reagents (Pierce, Rockford, IL, U.S.A.).

Zymography: Gelatinolytic activities of MMP-2 and
MMP-9 in supernatant were measured by gelatin zymog-
raphy in mini-gels as previously described in detail [21].
Supernatants were separated by electrophoresis in 11% poly-
acrylamide gel impregnated with 0.7 mg/m/ of gelatin as a
substrate (porcine skin gelatin, G-8150, Sigma, St. Louis,
MO, U.S.A.) under non-reducing conditions. Each lane of
an 11% SDS-polyacrylamide gel was loaded with 20 u/ of
supernatants containing either 10 ug or 25 ug of total protein
mixed with a 10 u/ aliquot of loading buffer. All samples
were made in duplicate and averaged. Loading buffer con-
sisted of 0.04 g// bromophenol blue (Art. 8122) (BDH),
20% glycerol and 6% sodium dodecyl sulphate (SDS, Prod.
44244) (BDH) at pH 6.8. Electrophoresis was performed by
using a mini-PROTEAN Tetra Cell electrophoresis system
(Bio- Rad Laboratories, Hercules, CA, U.S.A.) under a con-
stant current of 60 MA for 10 min and then 30 MA until the
bromophenol blue reaches the bottom of the gel.

After electrophoresis, the gels were washed in distilled
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Fig.1.  Representative zymogram of protein (25 ug) from intestinal mucosa samples {Pro-MMP-2 and -9 positive samples (lanes

3-6) and samples with no activity (lanes 7 and 8)} and recombinant human pro-MMP-2 (lane 2) and -9 (lane 1).

water and then soaked (2 % 30 min) in renaturing buffer
(2.5% Triton X-100) with gentle shaking at room tempera-
ture in order to remove the sodium dodecyl sulfate. Then,
the gels were soaked in zymogram developing buffer (50
mM Tris Base, pH 7.5 containing 200 mM NaCl, 5 mM
CaCl,-2H,0 and 0.02% Brilj-35) for 30 min at room tem-
perature, then replaced with fresh developing buffer and
incubated for another 18 hr at 37°C. After washing the gels
with distilled water 3 times for 10 min, they were stained
with PageBlue™ Protein Staining Solution (Fermentas) and
stained with gentle agitation for 5 hr. The areas of proteinase
activity were visualized as clear bands by washing the gels
with distilled water.

As a control, each gel was loaded with a diluted (1:600)
recombinant human MMP-2 (9 u/) and -9 (2 ul) (R&D Sys-
tems, Minneapolis, MN, U.S.A.), respectively, to determine
whether MMPs in canine intestinal tissue are equivalent in
molecular size and activity to pro-MMP-2 (72 kDa gelatin-
ase) and pro-MMP-9 (92 kDa gelatinase). For quantification
of gelatin degradation, gels were scanned and were assessed
by densitometer analysis method creating an arbitrary unit
(AU) for each band by calculating the integrated area under
each peak (Alpha-imager densitometer, Alpha Innotech, San
Leandro, CA, U.S.A.). The activity levels of pro- and active
MMP-2 and -9 for each sample were expressed in AU related
to the level of pro-MMP-2 of the positive-control standard
loaded on each gel. Each band’s activity was reported as the
mean of two different measurements of the same sample.

Statistical analysis: The differences between the sepa-
rate parts of the intestine (duodenum, jejunum, ileum and
colon) in their proportions of samples with pro-MMP-2
and -9 activities were analyzed with exact McNemar’s test.
Bonferroni adjustment was used to control for multiplicity
issues. Data are presented as number (%) or median (range)
as appropriate. P values <0.05 were considered statistically
significant. All statistical analyses were performed using the
SAS 9.3 statistical software (SAS Institute Inc., Cary, NC,
U.S.A).

RESULTS

Histological examination: Based on the histological ex-
amination of the intestine, the median total WSAVA score

of all samples was 0 (range 0-3) classifying all findings as
insignificant. There were no histological abnormalities in the
submucosa, the muscularis externa and the serosa in any of
the samples.

Zymography: Zymography was performed with 48 sam-
ples from four different intestinal areas of 12 healthy dogs.
When positive, it showed gelatinolytic activity at the same
level as the positive control bands of pro-MMP-2 and -9 and
was therefore considered to represent canine pro-MMP-2 and
pro-MMP-9 (Fig. 1). Since the majority of samples contain-
ing 10 ug of total protein showed no activity (pro-MMP-2:
40/48, 83%; pro-MMP-9: 33/48, 69%), only the results for
samples containing 25 ug of total protein are presented in
this paper. Pro-MMP-2 and -9 activities were found in 17/48
(35%) and 25/48 (52%) of the samples, respectively. None
of the intestinal samples showed gelatinolytic activity corre-
sponding to the control bands of active MMP-2 and MMP-9.

Results of the McNemar test for statistical analysis showed
no significant difference of pro-MMP-2 and -9 activities
between the four separate parts of the intestine (duodenum,
jejunum, ileum and colon) (P>0.05). However, for pro-
MMP-2, the number (and percentage) of positive samples
in four different parts of the intestine of 12 dogs were from
the highest to the lowest as follows: ileum, 7/12 (58.3%);
jejunum, 5/12 (41.7%); duodenum, 3/12 (25%); and colon,
2/12 (16.7%). For pro-MMP-9, ileum had the highest posi-
tivity rate (8/12; 66.7%), followed by jejunum (6/12; 50%),
duodenum (6/12; 50%) and colon (5/12; 41.7%). From all
48 canine intestinal mucosa samples examined with zymog-
raphy, no pro-MMP-2 and -9 activity was found in 31/48
(65%) and 23/48 (48%), respectively.

The enzyme activities ranged for pro-MMP-2 between
0.015 and 6.449 AU and for pro-MMP-9 between 0.018 and
5.680 AU. In the examined four different parts of the intes-
tine, the median (range) pro-MMP-2 activity was from the
highest to the lowest: ileum, 0.175 (0-3.337) AU; jejunum,
0 (0-6.449) AU; duodenum, 0 (0—4.301) AU; and colon, 0
(0-0.146) AU. The highest pro-MMP-9 activity (median
and range) was found in the ileum (0.086 (0-1.443) AU),
followed by colon (0.018 (0-1.652) AU), jejunum (0.011
(0-2.810) AU) and duodenum (0 (0-5.680) AU). In the ma-
jority of positive samples (36/42; 86%), either pro-MMP-2
or -9 activities were lower than 2 AU throughout the whole
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Table 1.  Distribution of pro-MMP-2 and -9 gelatinolytic activities in mucosa samples from duodenum, jejunum, ileum and colon of 12
healthy dogs AU: arbitrary units, Pro: pro-enzyme
. . Dog’s No
Intestinal part Variable
1 2 3 4 5 6 7 8 9 10 11 12

Duodenum Pro-MMP-2 (AU) 0 0 0 0 430 0 0 0 0.51 146 0 0
Pro-MMP-9 (AU) 023 0 0 0 0 0.04 0 0 568 542 062 0

Jejunum Pro-MMP-2 0 0 0 0 645 058 153 023 023 0 0
Pro-MMP-9 0.02 0 0 0 0 0 1.09 0.18 2.81 0.02 0.73

Ileum Pro- MMP-2 015 029 0 0 0 056 0 334 020 0.50 1.88
Pro-MMP-9 059 0 1.44  0.06 O 010 0 062 0.18 008 009 0

Colon Pro-MMP-2 015 0 0 0 0 0 0 0 0 0 0.03
Pro-MMP-9 1.65 0 0.14 009 0 0 0 0 004 005 0 0.04

intestine (Table 1). Comparably high activities (AU >2) of
pro-MMP-2 were recorded in two mucosa samples from du-
odenum and jejunum and one ileum. Two duodenal mucosa
samples and one jejunum sample had the highest activities of
pro-MMP-9 (Table 1).

DISCUSSION

This study aimed to detect the presence of MMP-2 and
-9 in four different parts of the intestinal mucosa of clini-
cally healthy beagle dogs by using gelatin zymography. The
method has been used earlier to study MMP-2 and -9 in
intestinal samples from humans [2, 10, 17], but to the best
of our knowledge, not yet in samples from canine intestinal
mucosa.

In the current study, we used intestinal mucosa samples
from 12 clinically healthy beagle dogs. To avoid the unnec-
essary use of laboratory animals for experimental studies,
we sampled intestinal mucosa during necropsy from all 12
dogs after they were euthanized when finishing another
non-related study. The collected samples were then stored
at —80°C for later research. This approach complies with
the principles of replacement, reduction and refinement of
animal experiments [9]. It seems unlikely that the previous
studies could have interfered with our results since all dogs
had the same living and nutritional conditions and were
clinically healthy at the time of euthanasia. In addition, the
histological examination of the intestinal mucosa was a
part of our study to investigate the possibility of subclinical
intestinal inflammation which might have influence on the
interpretation of the study results.

MMP-2 and -9 were extracted from canine intestinal
mucosa according to Castaneda et al. [4]. However, in the
current study, Precellys device (Bertin technologies) with
tubes containing ceramic beads was used for grinding the
mucosa samples. To prevent temperature rising during the
lysis process and to protect sensitive molecules from deg-
radation, cold air (—50°C) was sprayed by Cryolys device
(Bertin technologies) beside the tubes so that temperature
during homogenization remained at approximately 4°C.

Gelatin zymography is a highly sensitive technique and is
still widely used in the determination of MMP-2 and -9 in tis-
sue samples. This technique can detect even small amounts

of MMP-2 and -9 from tissue-homogenization supernatant
[41]. The gelatin zymography used here was described by
Rajamaiki et al. selecting both, 10 and 25 ug of total protein
in the extracted samples [35]. The amount of 10 xg protein
is often used in human IBD research for determination of
MMPs by gelatin zymography. However, the majority of our
samples containing 10 ug of total protein showed no activ-
ity. It is likely that the levels of MMP-2 and -9 activities
in healthy dogs are too low to be detected in 10 ug protein
samples in comparison to 25 ug protein samples. Therefore,
only the results for samples containing 25 ug of total protein
are presented in this paper for the characterization of MMP-
2 and -9 in the intestinal mucosa of healthy dogs. To assess
whether higher protein amounts lead to MMP detection in
negative samples, we used also larger protein amounts of
100 ug leading also to negative results.

In our canine samples, the zymography method produced
distinct bands on the gel which corresponded to the stan-
dards with human pro-MMP-2 and -9. We did not detect any
substantial difference between the migration of these en-
zymes from human standards and intestinal mucosa samples
obtained from healthy dogs, which is in concordance with
MMP-2 and -9 enzymes being highly conserved among spe-
cies [6].

Gelatin zymography appears to be a useful method for the
evaluation of intestinal mucosa samples, because it requires
only a small piece of intestinal tissue sample (5 mg mucosa)
which is the weight of about 1-2 endoscopically taken bi-
opsies.

In the present study, 65% and 48% of all samples showed
no activity for pro-MMP-2 and -9, respectively, and the colon
showed the lowest activity. One possible reason for the high
amount of undetectable activity might be that the level of
gelatinolytic activity of both MMPs was less than the detec-
tion limit of the gelatin zymography assay. In addition, the
extraction of MMPs from tissues has some limitations for
the following reasons: (1) MMPs, such as MMP-1, MMP-2
and MMP-9, are tightly bound to the ECM; (2) it is difficult
to ascertain whether all MMPs are extracted; (3) specific
MMPs localized in a relatively small part of the tissue may
not be detected due to dilution in the entire tissue extract [41,
44]. Therefore, difficulties in the extraction of MMPs from
tissues might also be another reason for samples without
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MMP-2 and -9 activities. Similar results were reported for
normal human colon mucosa samples. In the study by Baugh
et al., pro-MMP-2 and -9 were not detected in 20% and 56%
of their samples, respectively, using gelatin zymography
when examining colon mucosa from nine healthy human
subjects [2]. In our study, none of the intestinal samples
showed gelatinolytic activity corresponded to the control
bands of active MMP-2 and MMP-9. Similar to our results,
Baugh et al. did not detect active forms of MMP-2 and -9
in any of the colonic mucosal samples in healthy human
subjects [2].

Gao et al. reported the mean (+ SEM) activities of pro-
MMP-2 and pro-MMP-9 in normal colonic mucosa of
humans to be <2 AU with 0.64 £ 0.1 and 1.18 £ 0.19 AU,
respectively [10]. Similar to findings of Gao et al. [10],
the majority of our samples (86%) had pro-MMP-2 and
-9 activities <2 AU. However, in the present study, some
histologically unremarkable samples had comparably high
pro-MMP-2 and -9 activities>2 AU for which we have not
found any explanation so far.

Thirty-five percent of the samples were positive for
pro-MMP-2 activity in the present study. In healthy dogs,
pro-MMP-2 activity was mostly seen in the small intestine.
This might be due to high levels of epithelial cell turnover
in the small intestine [3]. MMP-2 is commonly expressed
in normal intestinal tissues and is believed to participate in
the maintenance of collagen homeostasis and the intestinal
tissue remodeling [10, 39].

In the current study, pro-MMP-9 activity was detected
within 25/48 (52%) of the samples. Under normal condi-
tions, MMPs including MMP-9 are expressed at low levels,
usually in the pro-form, and when activated, they play a role
in normal tissue ECM turnover, including intestinal tissue
[30].

In humans, MMP-2 and MMP-9 seem to be actively
involved in the inflammatory and remodeling processes in
IBD [2, 10, 16]. In a mouse model of IBD, mucosa-derived
MMP-2 serves to protect against tissue damage possibly by
regulation of epithelial barrier function [11, 12, 37]. In human
IBD, it participates in the ECM remodeling and degradation
of the basal membrane type IV collagen leading to intestinal
ulceration, epithelial damage and/or fistula formation [10,
28, 29, 42]. The exact role of MMP-2 in mucosal injury of
IBD remains to be fully clarified, however. MMP-9 has a
crucial role in the induction of intestinal tissue inflammation
through defective re-epithelialization, increased paracellular
permeability and reduction in adhesion complex integrity,
resulting in impaired wound healing, especially in the acute
phase [11, 12, 37].

In human IBD, several studies have investigated the role
of MMPs and their inhibitors in the differentiating subtypes
of IBD [25-27, 32, 33, 36, 38, 42]. Based on the study by
Maikitalo et al., MMP-7 has been suggested to aid in dif-
ferentiation between Crohn’s disease and ulcerative colitis,
while MMP-10 and TIMP-3 may be markers of IBD etiol-
ogy in inflammatory processes of the gut [24]. MMP-profiles
in operated inflammatory disease (IBD) patients have also
been looked at to evaluate the etiology of inflammatory

flares - IBD or other - to properly treat them [25, 42]. To our
knowledge, MMP profiles are not yet used for therapeutic
purposes, but efforts to characterize IBD and to examine
how treatment affects MMP expression have been made [26,
27,32, 33]. MMP expression may also predict precancerous
potential [36] and long-term remission [38]. While treatment
for IBD subtypes share similarities, the most notable differ-
ence is found in surgical treatment, being more conservative
in Crohn’s disease. MMP expression in the gut or elsewhere
in the body, e.g. serum, may in the future help in properly
differentiating the disease subtypes and severity and to en-
able tailored treatment choices for individuals.

Whether MMP-2 and -9 are also involved in the patho-
genesis of canine IBD remains unknown and requires further
investigation. In future studies, however, immunohisto-
chemistry should be included to also assess the localization
of MMPs in canine intestinal mucosa and their correlation
with intestinal pathologies in dogs.

The activity of MMP-2 and MMP-9 in different parts of
the intestinal mucosa of healthy dogs has been determined
here, laying the groundwork for future studies in canine
chronic intestinal diseases, including IBD. Pro-MMP-2 and
-9 activities were found in the intestinal mucosa of the small
and large intestines in healthy dogs, mostly in the ileum.
Active forms of MMP-2 and -9 were not detected in the
intestinal mucosa of healthy dogs. Understanding the role
of MMP-2 and -9 in the pathogenesis of chronic intestinal
inflammation in the future and using them as biomarkers for
differentiating canine IBD subtypes might offer a possibility
to improve the current treatment approach.

The sample processing used for the study led to histologi-
cal slides of sufficient quality for assessment. A limitation of
the study might be that in some occasional samples, it was
not possible to interpret epithelial changes due to processing
artifact. However, since we used several samples per loca-
tion for histology, there was enough epithelial layer on the
majority of samples from the same intestinal part of every
dog to allow a final interpretation. The submucosa, muscula-
ris and serosa were not affected by artifacts.

In conclusion, based on the results of the current study and
reports from studies in human IBD [2, 10, 41], zymography
presents as an appropriate method to evaluate MMP-2- and
-9 profiles in canine intestinal mucosa. The results of this
study may provide valuable information for future studies
evaluating the role of MMPs in the pathogenesis of canine
chronic enteropathies including IBD.
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