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ABSTRACT

Background: Canine parvoviral enteritis is a highly contagious infection in the intestines caused great morbidity and 
mortality in untreated dogs younger than 6 months. Matrix metalloproteinases consist of zinc- and calcium-dependent 
extracellular matrix-degrading endopeptidases that are tightly controlled by endogenous metalloproteinase tissue inhibi-
tors. Canine parvoviral enteritis is common in Turkey. The aim of this study was to examine the expression of matrix 
metalloproteinase-9 (MMP-9) and tissue inhibitor of matrix metalloproteinases-1 (TIMP-1) in natural canine parvoviral 
enteritis infection of 25 dogs diagnosed with parvoviral enteritis by clinical tests and histopathology. 
Materials, Methods & Results: The study material consists of dog’s small intestine, which was brought to Cumhuriyet 
University Faculty of Veterinary Medicine pathology department for necropsy and diagnosed with parvoviral enteritis. 
This investigation was suported by the Comission of Scientific Research Projects of Cumhuriyet University (Project No: 
V-086). For the study, sections of 5 μm were taken from small intestine blocks consisting of duodenum, jejunum and 
ileum, fixed in 10% buffered formalin solution and embedded in paraffin, and stained with hematoxylin-eosin and MMP-
9 and TIMP-1 antibodies using immunohistochemical procedure. On histopathology, shedding and blunting of the villi 
epithelium, severe mononuclear inflammation in the lamina propria and locally enlarged crypts with lymphocytolysis in 
peyer's patches were noted in the ileum. Immunohistochemically, strong expression for MMP-9 and moderate expres-
sion for TIMP-1 were observed in the crypt epithelium and inflammatory cells in the small intestines of infected animals 
compared controls (P < 0.001). 
Discussion: In the present study, immunohistochemical expressions of MMP-9 and TIMP-1 in intestinal tissues were 
investigated in canine parvoviral enteritis, which is an important viral disease in veterinary medicine. Statistically strong 
expression for MMP-9 and moderate expression for TIMP-1 were observed in the crypt epithelium and inflammatory cells 
in the small intestines of infected animals. As a result, high levels of MMP-9 may be one of the factors that trigger the 
inflammatory process in the disease. It is thought that the increase in MMP-9 may be directly proportional to the severity 
of inflammation in the tissue. In addition, it is suggested that the level of its inhibitor, TIMP-1, may increase at similar rates 
in response to this increase in MMP-9 levels. As a result, severe increases MMP-9 and TIMP-1 may indicate the presence 
of inflammation of similar severity in that tissue. Immunohistochemical data obtained from the study showed that MMP-9 
expression was found to increase in inflammatory and degenerative changes in parvoviral enteritis. This may have triggered 
extracellular matrix degradation, intestinal permeability, degenerative changes and inflammation. Abnormal increase in 
MMP-9 levels is thought to contribute significantly to the intestinal lesions in parvoviral enteritis. It was observed that 
TIMP-1 levels increased similarly in response to this increase but weaker expression of TIMP-1 as its inhibitor in canine 
parvoviral enteritis may determine the development of the disease. In this regard, matrix metalloproteinases appear to be 
potential therapeutic targets in canine parvoviral enteritis, and the use of their inhibitors can significantly reduce disease 
progression. However, current findings need to be confirmed by more detailed studies in the future.
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INTRODUCTION

Canine parvoviral enteritis is a very common 
infectious disease that usually affects dogs younger 
than 6 months [2,9,19]. After the virus is ingested by 
the digestive tract, it prefers cells with high mitotic 
activity in the digestive tract and bone marrow, then 
causes severe anorexia, vomiting, foul smelling diar-
rhea, fever, dehydration and weakness clinically [24].

Matrix metalloproteinases (MMPs) consist 
of zinc- and calcium-dependent extracellular matrix-
degrading endopeptidases that are tightly controlled 
by endogenous metalloproteinase tissue inhibitors 
[4,5,17]. MMPs play an important role in embryonic 
development, differentiation, proliferation and tissue 
regeneration [17]. Typically, little or no MMP expression 
occurs in normal healthy tissues, but intense expression 
can occur in some diseases, tissue repair process, or 
inflammation [25]. MMP-9 plays an important role in 
degranulating extracellular matrix proteins and shaping 
tissue remodelling [3,13,22,25].  Metalloproteinase ac-
tivity is regulated by complex activators, cell receptors 
and inhibitors, particularly tissue inhibitor of matrix 
metalloproteinases (TIMPs) [18]. TIMP-1 potentially 
stimulates cell proliferation and stabilizes cells against 
apoptotic stimuli [5]. TIMPs can inhibit or sometimes 
enable MMPs’ activity [10]. Together with its endog-
enous inhibitor TIMP-1, MMPs regulate signaling 
pathways that are very important in inflammation [3].

The aim of this study is to investigate the si-
multaneous expression of MMP-9 and TIMP-1, which 
has not been investigated before, in the pathogenesis 
of natural canine parvoviral enteritis infection. 

MATERIALS AND METHODS

Animals

In the study, 25 dog’s intestinal tissues, brought 
to Cumhuriyet University Faculty of Veterinary Medicine, 
Department of Pathology for necropsy and diagnosed with 
parvo viral enteritis by clinical (IDEXX, SNAP Parvo 
Test)1 and histopathological methods, were used. A total 
of 10 non-lesional intestinal tissues of dogs that have died 
from other diseases were used as negative controls. For 
the study, sections of 5 μm were taken from small intes-
tine blocks consisting of duodenum, jejunum and ileum, 
fixed in 10% buffered formalin solution and embedded 
in paraffin, and stained with Hematoxylin-Eosin (HE)2 
using a routine procedure for light microscopy.

Immunohistochemical (IHC) staining was per-
formed using the routine streptavidinbiotin-peroxidase 
technique according to the manufacturer’s recommenda-
tions [Anti rabbit streptoavidin/biotin immunoperoxidase 
kit (Histostain-Plus Kits)]3. The selected 5 μm paraffin 
tissue sections were stained immunohistochemically 
in order to elucidate the expression of MMP-9 [anti-
MMP-9 antibody, Biorbyt (diluted 1/250)]4 and TIMP-1 
[anti-TIMP-1 antibody, Biorbyt, (diluted 1/250)]4. Color 
reaction was enhanced using 3-amino-9-ethylcarbazole 
(AEC)  (Zymed AEC RED substrat kit, ABD)5 as the 
chromogen. All sections were counterstained with Gill 
hematoxylin (Merck, Germany)2 solution and then 
washed in water. Coverslips were applied with water-
based mounting medium. Stained sections were examined 
under a light microscope (Nikon, YS 100)6.

Immunohistochemical analysis 

Immunolabeling of sections with the MMP-9 
and TIMP-1 antibodies were scored semiquantitatively. 
An area with a high density of positively labeled cells 
was selected. The percentage of cells labeled were 
evaluated at X200 final magnification using an eyepiece 
with grids of 100 squares from 10 adjacent fields that 
constituted a total area of 0.050 mm2. The percentages 
of labeled cells in the lamina propria were scored as 
follows: (–) no staining (negative),  (+) area of stained 
cells <10% (weak staining), (++) area of stained cells 
=10- 30% (moderate staining), (+++) area of stained 
cells >30% (strong staining).

Statistics analysis

Statistical analysis was performed using the 
Mann Whitney U test in SPSS 26 program. P < 0.001 
was considered statistically significant. Statistical 
analysis of the data on MMP-9 and TIMP-1 expressions 
in intestinal tissue, measured by immunostaining in all 
the groups, are listed in Table 1. 

Table 1. Statistical analysis of MMP-9 and TIMP-1 immunohistochemical 
staining in Parvovirus infection and control groups.

Group
MMP-9 Timp-1

Mean (Median) ± SEM Mean (Median) ± SEM

Parvovirus 
infection

2.72 (3.00) ± 0.11*** 2.16 (2.00) ± 0.13***

Control 0.40 (0.00) ± 0.16 0.30 (0.00) ± 0.15
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RESULTS

In the study, small intestinal tissue sections 
of 25 dogs were diagnosed with parvoviral enteritis 
by clinical tests and they were evaluated histopatho-
logically. According to this evaluation, shedding and 

blunting of the villi epithelium, hyperplasia of the 
crypt epithelium, severe mononuclear inflammation 
in the lamina propria and locally enlarged crypts with 
lymphocytolysis in peyer's patches were seen in all 
animals especially in the ileum (Figure 1)

Figure 1. Histopathological examination of intestine tissues with parvoviral enteritis. a- Intact villi epithelium (arrows) and crypts (arrowheads) in 
control intestinal tissue. [HE; Bar=100 μm]. b- Normal Peyer’s patches in control tissue (arrows). [HE; Bar=100 μm]. c- Desquamation of epithelial villi 
(arrows) and dilatation and degeneration in the crypts (arrowheads). Parvoviral enteritis. [HE; Bar=100 μm]. d- Lymphocytolysis in Peyer’s patches (ar-
rows). Parvoviral enteritis. [HE; Bar=100 μm]. e- Dilatation in the crypts (arrows) and mononuclear cell infiltration in the lamina propria (arrowheads). 
Parvoviral enteritis. [HE; Bar=25 μm]. f- Desquame crypt epithelium (arrows). Parvoviral enteritis. [HE; Bar=25 μm].

Figure 2. MMP-9 expression from intestinal tissues with control and parvoviral enteritis. a- Control group. [IHC; Bar=25 μm]. b- Strong cytoplasmic 
immunoreactivity for MMP-9 in dilate crypt epithelium (arrows). Parvoviral enteritis. [IHC; Bar=25 μm]. c- Strong MMP-9 immunopositive inflamma-
tory cells in the lamina propria (arrowheads) and MMP-9 expression in dilated and hyperplastic crypt epithelium (arrows). Parvoviral enteritis. [IHC; 
Bar=25 μm]. d- MM-9 expression from crypt epithelium (arrows). Parvoviral enteritis. [IHC; Bar=25 μm]. e- MMP-9 immunostaining in dilate cript 
epithelium (arrows) and desquame cells in lumen (arrowhead). Parvoviral enteritis. [IHC; Bar=25 μm]. f- Strong MMP-9 immunopositive inflamatory 
cells in the lamina propria (arrowheads) and MMP-9 expression from degenerative crypt epithelium (arrows). Parvoviral enteritis. [IHC; Bar=25 μm].
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In the immunohistochemical staining, cy-
toplasmic MMP-9 expression detected as strong, 
especially from the crypt epithelium and inflam-
matory mononuclear cells in the small intestines 
of infected animals (Figure 2). Immunostaining 
of TIMP-1 was observed moderate staining in the 
cytoplasm of the crypt epithelium and inflamma-

tory cells in the small intestines of infected animals 
(Figure 3). Weak immunohistochemical expression 
was obtained for both antibodies in control animals. 
Immunohistochemical analysis showed significant 
up-regulation of MMP-9 (Figure 4) and TIMP-1 
(Figure 5) expression in parvoviral enteritis when 
compared to controls (P < 0.001).

Figure 3. TIMP-1 expression from intestinal tissues with control and parvoviral enteritis. a- Control group. [IHC; Bar=25 μm]. b- Cytoplasmic TIMP-1 
expression in crypt epithelium (arrows). Parvoviral enteritis. [IHC; Bar=25 μm]. c- Cytoplasmic TIMP-1 expression in crypt epithelium (arrows) and 
inflamatory cells (arrow heads) in lamina propria. Parvoviral enteritis. [IHC; Bar=25 μm]. d & e- Cytoplasmic TIMP-1 immunopositivity in dilate (ar-
rows) and hyperplastic crypt epithelial cells (arrow head). Parvoviral enteritis. [IHC; Bar=25 μm]. f- Cytoplasmic TIMP-1 immunopositivity in dilate 
and hyperplastic crypt epithelial cells (arrows). Parvoviral enteritis. [IHC; Bar=25 μm].

Figure 4. Comparison of MMP-9 expression intensity in control and 
parvoviral infection.

Figure 5. Comparison of TIMP-1 expression intensity in control and 
parvoviral infection.
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DISCUSSION

MMPs are released from fibroblasts, epithelial 
cells, and some inflammatory cells in association with 
infectious intestinal inflammations [20,22]. Abnormal 
regulation of MMPs is a significant factor in many 
diseases and pathological conditions such as inflam-
matory processes, tissue destruction, fibrosis, abnormal 
angiogenesis, autoimmune diseases and carcinogenesis 
[1]. There are limited articles on the role of MMP-9 
in animal diseases. MMP-9 is unique as its protein 
expression and activity is undetectable in most healthy 
intestinal tissues but has been shown to be highly ex-
pressed in a variety of inflammatory states, including 
inflammatory bowel disease [21]. Recently, it has been 
reported that MMP-9 causes an increase in the tight 
junction permeability of the intestinal epithelium. The 
intestinal epithelium is a single layer of cells within the 
gut lumen that serves an important protective function. 
This structure is a selectively permeable barrier that 
allows the absorption of nutrients but prevents harmful 
luminal contents from crossing the intestinal epithe-
lium [6,8]. This barrier damage, resulting in increased 
intestinal permeability, contributes significantly to the 
pathogenesis of inflammatory bowel disease, including 
Crohn's disease, ulcerative colitis, celiac disease, and 
other inflammatory conditions in the gut [11,16]. In 
this study, statistically significant increase in MMP-9 
expression was observed in animals with parvoviral 
enteritis when compared to controls (P < 0.001). It 
suggests that the increase in MMP-9 expression may 
have impaired the tight junction permeability of the 
intestinal epithelium in the pathogenesis of parvoviral 
enteritis. In addition, it is thought that inflammation 
increases with ECM destruction and interleukin activa-
tion. [12,15] and as a result, the clinical findings are 
exacerbated. In the study, parvoviral enteritis in dogs 
was diagnosed by focal antigen, clinical symptoms, 
histopathology and haematological findings. The dogs 
with parvoviral enteritis and control were examined for 
Giardia, Cryptosporidium and coccidiosis, and those 
with negative results were included in the study. Even 
if there is another unidentified disease in a few animals 
that may contribute to intestinal lesions, it is thought 
that the results of the study will not change significantly 
with the statistics performed on 25 animals.

MMPs are inhibited by TIMPs, which are 
endogenous protein regulators and tissue inhibitors 
[1,23]. Inside the ECM, TIMPs inhibit the proteolytic 

activity of MMPs. In this context, a disruption or 
alteration in the balance between MMPs and TIMPs 
plays a role in the pathophysiology and progression 
of various diseases [7]. Previous study suggests that 
MMP-2, MMP-7, and MMP-9 may be a potential 
therapeutic target, and the use of inhibitors of these 
such as TIMP-1 and TIMP-2 can significantly decrease 
ulcerative colitis improvement in human [14]. In the 
present study, strong MMP-9 and moderate TIMP-1 
expression were observed in the crypt epithelium and 
inflammatory cells in the small intestines of infected 
animals (P < 0.001). These results suggest that increase 
in MMP 9 may be directly proportional to the severity 
of inflammation occurring in the tissue. In addition, it 
was thought that TIMP-1 levels increased at a similar 
rate in order to prevent the increase in MMP-9 levels. 
As a result, increased levels of MMP-9 and TIMP-1 
may indicate the presence of inflammation of similar 
severity in that tissue.

CONCLUSSION

Immunohistochemical data obtained from the 
study showed that MMP-9 expression was found to 
increase in inflammatory and degenerative changes in 
parvoviral enteritis. This may have triggered ECM deg-
radation, intestinal permeability, degenerative changes 
and inflammation. Abnormal increase in MMP-9 levels 
is thought to contribute significantly to the intestinal 
lesions in parvoviral enteritis. It was observed that 
TIMP-1 levels increased similarly in response to this 
increase but weaker expression of TIMP-1 as its inhibi-
tor in canine parvoviral enteritis disease may determine 
the development of the disease. In this regard, MMPs 
appear to be potential therapeutic targets in canine 
parvoviral enteritis, and the use of their inhibitors can 
significantly reduce disease progression. However, 
current findings need to be confirmed by more detailed 
studies in the future.

MANUFACTURERS
1Idexx BioAnalytics. Westbrook, ME, USA.
2Merck KgaA. Darmstadt, Germany.
3Thermo FisherScientific. Waltham, MA, USA.
4Biorbyt. Cambridge, United Kingdom.
5Zymed Laboratories Inc. South San Francisco, CA, USA.
6Nikon. Tokyo, Japan.

Funding. This study was suported by the Comission of Sci-
entific Research Projects of Cumhuriyet University (Project 
No: V-086).



6

                                                                                                           M.Ö. Karayiğit, A. Aydoğan, M. Halıgur, O. Başbuğ & Ö. Karataş. 2024. Canine Parvoviral Enteritis - The Role of MMP-9 and TIMP-1 in 
the Pathogenesis of Intestinal Inflammation.                                                                                                                  Acta Scientiae Veterinariae. 52: 1964.

Ethical approval. Approval by the Committee on the Ethics of Ani-
mal Experiments of the Cumhuriyet University was not required 
because the experiment did not involve any invasive procedures 
for animal experiment and none of the animals was sacrificed.

Declaration of interest. The authors have declared no conflict 
of interests. The authors alone are responsible for the content 
and writing of the paper.

REFERENCES

1 Amalinei C., Carunt I.D., Giusca S.E. & Balan R.A. 2010. Matrix metalloproteinases involvement in pathologic 
conditions. Romanian Journal of Morphology and Embryology. 51(2): 215-228. PMID:20495735.

2 Atkinson B.K.,  Goddard A., Engelbrecht M.,  Pretorius S. & Pazzi P. 2022. Circulating markers of endothelial 
activation in canine parvoviral enteritis. Journal of South African Veterinary Association. 93(1): 2-7. PMID:35950803.

3 Bailey C.J., Hembry R.M., Alexander A., Irving M.H., Grant M.E. & Shuttleworth C.A. 1994. Distribution of the 
matrix metalloproteinases stromelysin, gelatinasesA and B, and collagenase in Crohn’s disease and normal intestine. 
Journal of Clinical Pathology. 7(2): 113-116. DOI: 10.1136/jcp.47.2.113. 

4 Birkedal-Hansen H., Moore W.G., Bodden M.K., Windsor L.J., Birkedal-Hansen B., DeCarlo A. & Engler 
J.A. 1993. Matrixmetalloproteinases: a review. Critical Review in Oral Biology & Medicine. 4(2): 197-250. DOI: 
10.1177/10454411930040020401.

5 Brinckerhoff C.E. & Matrisian L.M. 2002. Matrixmetalloproteinases: a tail of a frog that became a prince. Nature 
Reviews Molecular Cell Biology. 3(3): 207-214. DOI: 10.1038/nrm763.

6 Camilleri M. 2019. Leaky gut: mechanisms, measurement and clinical implications in humans. Gut. 68(8): 1516-1526. 
DOI: 10.1136/gutjnl-2019-318427.

7 Cabral-Pacheco G.A., Garza-Veloz I., Castruita-De la Rosa C., Ramirez-Acuña J.M., Perez-Romero B.A., 
Guerrero-Rodriguez J.F., Martinez-Avila N. & Martinez-Fierro M.L. 2020. The Roles of Matrix Metalloproteinases 
and Their Inhibitors in Human Diseases. International Journal of Molecular Sciences. 21(24): 9739. DOI: 10.3390/
ijms21249739.

8 Capaldo C.T., Powell D.N. & Kalman D. 2017.  Layered defense: how mucus and tight junctions seal the intestinal 
barrier. Journal of Molecular Medicine. 95(9): 927-934. DOI: 10.1007/s00109-017-1557-x

9 Chen C., Guo X., Liang H., Ning B., Li J., Zhong S., Liu X. & Li L. 2019. Determination of parvovirus antibodies in 
canine serum using magnetic bead-based chemiluminescence immunoassay. Biotechnology and Applied Biochemistry. 
66(4): 586-590. DOI: 10.1002/bab.1758.

10 David M.R., Andrew J.S., Steve P.H., Vong L., Gareau M.G., Kumar S.A.,  Johnson-Henry K.C.  & Sherman 
P.M. 2012.  Matrix metalloproteinase 9 contributes to intestinal microbe homeostasis in a model of infectious colitis. 
BMC Microbiology. 13(12): 105. DOI: 10.1186/1471-2180-12-105.

11 Groschwitz K.R. & Hogan S.P. 2009. Intestinal barrier function: molecular regulation and disease pathogenesis. 
Journal of Allergy and Clinical Immunology. 124(1): 3-20. DOI: 10.1016/j.jaci.2009.05.038.

12 Hayden D.M., Forsyth C. & Keshavarzian A. 2010. The role of matrix metalloproteinases in intestinal epithelial 
wound healing during normal and inflammatory states. Journal of Surgical Research. 168(2): 315-324. DOI: 10.1016/j.
jss.2010.03.002.

13 Heimesaat M.M., Dunay I.R., Fuchs D., Trautmann D., Fischer A., Kühl A.A.,  Loddenkemper C.,  Siegmund 
B.,  Batra A.,  Bereswill S. & Liesenfeld O. 2011. The distinct roles of MMP-2 and MMP-9 in acute DSS colitis. 
European Jorrnal of Microbiology and Immunology. 1(4): 302-310. DOI: 10.1556/EuJMI.1.2011.4.6.

14 Jakubowska K.,  Pryczynicz A., Iwanowicz P., Niewinski A., Maciorkowska E., Hapanowicz J., Jagodzinska D., 
Kemona A. & Guzinska-Ustymowiczi K. 2016. Expressions of Matrix Metalloproteinases (MMP-2, MMP-7, and 
MMP-9) and Their Inhibitors (TIMP-1, TIMP-2) in Inflammatory Bowel Diseases. Gastroenterology Research and 
Practice. 2016: 2456179. DOI: 10.1155/2016/2456179.

15 Lakatos G., Hritz I., Varga M.Z., Juhasz M., Miheller P., Cierny G., Tulassay G. & Herszényi L. 2012. The im-
pact of matrix metalloproteinases and their tissue inhibitors in inflammatory bowel diseases. Digestive Disease. 30(3): 
289-295. DOI: 10.1159/000336995.

16 Lee B., Moon K.M.  & Kim C.Y. 2018. Tight Junction in the Intestinal Epithelium: Its Association with Diseases and 
Regulation by Phytochemicals. Journal of Immunology Research. 2018: 2645465. DOI: 10.1155/2018/2645465.



7

                                                                                                           M.Ö. Karayiğit, A. Aydoğan, M. Halıgur, O. Başbuğ & Ö. Karataş. 2024. Canine Parvoviral Enteritis - The Role of MMP-9 and TIMP-1 in 
the Pathogenesis of Intestinal Inflammation.                                                                                                                  Acta Scientiae Veterinariae. 52: 1964.

http://seer.ufrgs.br/ActaScientiaeVeterinariae
1964

17 Li Z., Wei J., Chen B., Wang Y., Yang S., Wu K. & Meng X. 2023. The Role of MMP-9 and MMP-9 Inhibition in 
Different Types of Thyroid Carcinoma. Molecules. 28(9): 3705. DOI: 10.3390/molecules28093705.

18  Liu T.H.,  Wei Y., Dong X.L., Chen P., Wang L., Yang X.,  Lu C.  & Pan M.H. 2022. The dual roles of three MMPs 
and TIMP in innate immunity and metamorphosis in the silkworm, Bombyx mori. The FEBS Journal. 289(10): 2828-
2846. DOI: 10.1111/febs.16313.

19 Mazzaferro E.M. 2020. Update on Canine Parvoviral Enteritis. Veterinary Clinics of North America: Small Animal 
Practice. 50: 1307-1325. DOI: 10.1016/j.cvsm.2020.07.008.

20 Munoz M., Heimesaat M.M., Danker K., Struck D., Lohmann U., Plickert R., Bereswill S., Fischer A.,  Dunay 
I.R., Wolk K., Loddenkemper C., Hans-Willi K., Libert C., Lund L.R., Frey O., Hölscher C., Iwakura Y., 
Ghilardi N., Ouyang W., Kamradt T., Sabat R. & Liesenfeld  O. 2009. Interleukin (IL)-23 mediates Toxoplasma 
gondii induced immunopathology in the intestinal via matrixmetalloproteinase- 2 and IL-22 but independent of IL-17. 
Journal of Experimental Medicine. 206(13): 3047-3059. DOI: 10.1084/jem.20090900.

21 O’Sullivan S., Gilmer J.F. & Medina C. 2015. Matrix metalloproteinases in inflammatory bowel disease: anupdate. 
Mediators of Inflammation. 2015: 964131. DOI: 10.1155/2015/964131.

22 Salmela M.T., MacDonald T.T., Black D., Irvine B., Zhuma T., Saarialho-Kere U.  & Pender S.L.F. 2002. Up-
regulation of matrix metalloproteinases in a model of T cell mediated tissue injury in the intestinal: analysis by gene 
array and in situ hybridization. Gut. 5(4): 540-547. DOI: 10.1136/gut.51.4.540.

23 Schmitt R., Tscheuschler A.,  Laschinski P.,  Uffelmann X., Discher P., Fuchs J., Remi P.  & Kari F.A. 2020. A 
Potential key mechanism in ascending aortic aneurysm development: Detection of a linear relationship between MMP-
14/TIMP-2 ratio and active MMP-2. Plos one. 14(2): e0212859. DOI: 10.1371/journal.pone.0212859.

24 Turk J., Miller M., Brown T., Fales W., Fischer C., Gosser H., Nelson S., Shaw D. & Solorzano R. 1990. Coli-
form septicemia and pulmonary disease associated with canine parvoviral enteritis: 88 cases (1987-1988). Journal of 
American Veterinary Medical Association. 196(5): 771-773. PMID: 2155191.

25 William C.S., Carole L.W. & Yolanda S.L.B. 2014. Matrix metalloproteinases as modulators of inflammation and 
innate immunity. Immunology. 4(8): 617-629. DOI: 10.1038/nri1418.

https://seer.ufrgs.br/ActaScientiaeVeterinariae

