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Factors regulating collagen synthesis
and degradation during second-intention healing
of wounds in the thoracic region and the distal
aspect of the forelimb of horses
Anne J. Schwartz, DVM; David A. Wilson, DVM, MS; Kevin G. Keegan, DVM, MS;
Venkataseshu K. Ganjam, DVM, PhD; Yao Sun, MD, PhD; Karl T. Weber, MD; Jiakun Zhang, MD

Objective—To determine significant molecular and
cellular factors responsible for differences in secondintention healing in thoracic and metacarpal wounds
of horses.
Animals—6 adult mixed-breed horses.
Procedure—A full-thickness skin wound on the
metacarpus and another such wound on the pectoral
region were created, photographed, and measured,
and tissue was harvested from these sites weekly for
4 weeks. Gene expression of type-I collagen, transforming growth factor (TGF)-β1, matrix metalloproteinase (MMP)-1, and tissue inhibitor of metalloproteinase (TIMP)-1 were determined by quantitative in
situ hybridization. Myofibroblasts were detected by
immunohistochemical labeling with α-smooth muscle
actin (α-SMA). Collagen accumulation was detected
by use of picrosirius red staining. Tissue morphology
was examined by use of H&E staining.
Results—Unlike thoracic wounds, forelimb wounds
enlarged during the first 2 weeks. Myofibroblasts,
detected by week 1, remained abundant with superior organization in thoracic wounds. Type-I collagen
mRNA accumulated progressively in both wounds.
More type-I collagen and TGF-β1 mRNA were seen in
forelimb wounds. Volume of MMP-1 mRNA
decreased from day 0 in both wounds. By week 3,
TIMP-1 mRNA concentration was greater in thoracic
wounds.
Conclusions and Clinical Relevance—Greater collagen synthesis in metacarpal than thoracic wounds
was documented by increased concentrations of
myofibroblasts, type-I collagen mRNA, TGF-β1 mRNA,
and decreased collagen degradation (ie, MMP-1).
Imbalanced collagen synthesis and degradation likely
correlate with development of exuberant granulation
tissue, delaying healing in wounds of the distal portions of the limbs. Factors that inhibit collagen synthesis or stimulate collagenase may provide treatment options for horses with exuberant granulation
tissue. (Am J Vet Res 2002;63:1564–1570)
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D

evelopment of exuberant granulation tissue is an
important problem that affects the healing of
wounds in the distal portion of the limbs of horses.
Because of the lack of underlying soft tissue and the
fact that there is virtually no excess skin on the distal
portion of the limbs, primary closure of these wounds
is often not possible, thereby necessitating secondintention healing.1 Because of poor wound healing in
the distal portion of the limbs, the use of an injured
horse is often compromised, and the economic value
declines markedly. Second-intention healing of
wounds in the distal portion of the limbs is more complicated in horses than in other domestic species as a
result of several factors, including minimal blood supply to the distal portion of the limbs, minimal amounts
of underlying soft tissues, hypoxia, inability to immobilize the area, lack of cutaneous musculature, and
infection or chronic inflammation.1-4 Other complications associated with second-intention healing in this
location include indolent wounds, hypergranulating
wounds, and formation of sarcoids.5
Wounds heal by contraction and epithelialization.
Rate of epithelialization varies with the region of the
body. Wounds on the distal portion of the limbs of
horses heal at a rate slower than that for wounds on the
rest of the body. Wounds in the flank area of a horse
will epithelialize at a rate of 0.2 mm/d, compared with
a rate as slow as 0.09 mm/d for wounds in the distal
portion of the limbs.6 Without epithelial cover, granulation tissue will continue to proliferate.
In horses, differences exist between the healing of
wounds in the distal portion of the limbs and wounds
on the body with respect to expression of growth factors during the normal repair phase of wound healing.1,7 During a 14-day study,8 expression of transforming growth factor (TGF)-β1 persisted in wounds in the
distal portion of the limbs, whereas it regressed in
wounds on the body. Basic fibroblast growth factor and
TGF-β1 have been identified as stimulators for production of granulation tissue.9
Macrophages stimulate the migration of fibroblasts
and epithelial cells into wounds. Fibroblasts produce
certain growth factors, and they are responsible for the
proliferation and synthesis of extracellular matrix proteins as well as formation of new capillaries.
Transforming growth factor-β1 is released from
macrophages and fibroblasts, and it stimulates the synthesis of collagen, myofibroblasts, and tissue inhibitor
of metalloproteinase (TIMP) while decreasing production of collagenase. In addition to producing growth
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factors, fibroblasts produce collagen (predominantly
type I but small amounts of type III) at wound sites.10
Normal skin and subcutaneous tissues consist primarily of type-I collagen.
Myofibroblasts (phenotypically transformed
fibroblasts) play a major role in wound contraction and
collagen synthesis at sites of tissue repair. Myofibroα-SMA)
blasts that express α-smooth muscle actin (α
are not typical residents of most tissues. They appear in
pathologic situations associated with inflammation or
tissue injury.11 After their appearance, myofibroblasts
begin to increase in number and secrete matrix proteins, specifically collagen type I, which is 1 of the
major fibrillar collagens in tissue under repair.
Increases in myofibroblast numbers at the site of
wound repair is probably mediated by TGF-β1 as well
as factors such as platelet-derived growth factor and
connective tissue growth factor.
Collagen degradation involves enzymes defined as
matrix metalloproteinases (MMPs). Matrix metalloproteinase-1, a collagenase, is central to the remodeling of injured and fibrotic tissues and acts by cleaving
fibrillar collagen.10 Activity of MMP-1 is inhibited by
TIMP. Synthesis of MMP-1 and TIMP is regulated by a
constellation of locally generated growth factors that
include TGF-β1.10,11
The purpose of the study reported here was to
determine whether there is a significant difference in
the molecular and cellular factors associated with second-intention healing of wounds between the thoracic
region and the distal portion of the forelimb of horses.
Our hypothesis was that an imbalance exists between
collagen synthesis and collagen degradation in forelimb wounds but that there is a balance between collagen synthesis and collagen degradation in thoracic
wounds of horses.
Materials and Methods
Animals—Six mature mixed-breed horses that ranged
from 6 to 11 years of age were used in the study. Each horse
underwent a physical examination prior to the start of the
study, and rectal temperature, pulse, and respiration were
monitored daily. The study was performed in accordance
with guidelines established by the Animal Care and Use
Committee at the University of Missouri.
Procedure—Each horse was sedated with xylazine
hydrochloride (1 mg/kg, IV) and butorphanol (0.02 mg/kg,
IV). Local analgesia was obtained by SC infusion of a 2%
solution of lidocaine hydrochloride. Surgical sites were
clipped and aseptically prepared for surgery. Using a plastic
template to ensure consistency of wound size (4 X 4 cm), a
full-thickness section of skin was removed from the left pectoral region and the mid-dorsal aspect of the left metacarpal
region of each horse. Wounds on the forelimbs were wrapped
to control initial hemorrhage. Duration of surgery was
approximately 20 minutes. Phenylbutazone (2.2 mg/kg, IV)
was administered after surgery to minimize discomfort associated with the procedure. Bandages on the forelimbs were
removed the day after surgery, and all wounds were allowed
to heal by second intention.
Every 7 days for 4 weeks, horses were sedated, and
wounds were cleansed with sterile saline (0.9% NaCl) solution and then photographed. Wounds were subjectively classified regarding the amount of granulation tissue12 and it was
categorized in accordance with the following standards:
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grade I, depressed below the skin edges; grade II, proliferated to the level of the skin edges; grade III, elevated above the
skin edges; and grade IV, required trimming back to the level
of the epithelium to control excessive proliferation that was
inhibiting advancement of epithelium. Grade-IV granulation
tissue was considered exuberant.12
Biopsy specimens were obtained from each wound on
the day wounds were created (day 0) and at weekly intervals
for 4 weeks. A randomly generated system was used to determine the site (8 sites/wound) of each biopsy. Full-thickness,
10-mm-diameter biopsy specimens were collected near the
edge of each granulating wound. Specimens were placed in
liquid nitrogen and stored at –70ºC until tests were performed on the tissue samples.
Tissue morphology and fibrosis—Cryostat sections
(4 µm thick) were prepared and examined by use of light
microscopy. Sections were stained with H&E and collagenspecific picrosirius red to enable identification of tissue
injury and fibrosis, respectively.
Immunohistochemical labeling with α-SMA—Cryostat
sections (6 µm thick) were prepared, air-dried, fixed in neutral-buffered 10% formalin for 5 minutes, and washed in PBS
solution for 10 minutes. Slides then were incubated with primary anti-SMA antibodya (diluted 1:400 in PBS solution containing 1% bovine serum albumin) for 30 minutes and
washed in PBS solution for 10 minutes. Sections then were
incubated with IgG peroxidase-conjugated secondary antibodyb (diluted 1:150), washed in PBS solution for 10 minutes, incubated with diaminobenzidine tetrahydrochloride
2-hydrate plus 0.05% H2O2 (5 mg/mL) for 10 minutes, and
again washed in PBS solution. Negative-control sections were
incubated with secondary antibody alone, stained with
hematoxylin, dehydrated, mounted, and examined by use of
light microscopy.
In situ hybridization for mRNA of type-I collagen (proβ1, MMP-1, and TIMP—Localization and
collagen), TGF-β
optical density of mRNA concentrations of type-I collagen
and TGF-β1 were detected by use of quantitative in situ
hybridization.13-15 Coronal cryostat sections (16 µm thick)
were fixed in 4% formaldehyde for 10 minutes, washed with
phosphate buffer (pH, 7.4), and incubated in 0.25% acetic
anhydride in 0.1M triethanolamine hydrochloric acid for 10
minutes. Sections then were hybridized overnight at 45ºC
with a random primed 35S-dATP-labeled type-I collagen,
TGF-β1, MMP-1, or TIMP-1 cDNA-probe.c Sections were
washed, dried, and subsequently exposed to radiographic
film.d Quantification of mRNA density in all tissue samples
was performed by use of a computer image analysis system.e
Statistical analysis—Statistical analysis of results of in
situ hybridization was performed by use of an ANOVA.
Values were expressed as mean ± SEM with values of P < 0.05
considered significant. Multiple comparisons at several time
points during wound healing were made by use of the Scheffe
F test.

Results
Gross examination—Wounds in the thoracic
region steadily decreased in size during the study.
Grossly, wounds in the thoracic region appeared to
contract and epithelialize. There was substantial overlap as a result of wound contraction at the site of specimen collection for wounds in the thoracic region at
week 4. The 10-mm biopsy specimens obtained at
week 4 contained virtually the entire remaining thoracic wound on most horses. There was no overlap of
collection sites during any of the preceding weeks. Of
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the 6 thoracic wounds in the horses evaluated at week
1, 2 were type I, (depressed below the level of the skin
edges) and 4 were type II (proliferated to the level of
the skin edges). At week 2, 1 wound was type II, and
the remaining 5 were type III (elevated above the skin
edges). During weeks 3 and 4, all wounds in the thoracic region were type III.
Wounds in the distal portion of the forelimb
increased in size for 2 weeks and then decreased in size
during the remainder of the study. Of the 6 wounds
evaluated at week 1, 3 were classified as type I, and 3
were type II. At week 2, 1 wound was type I, 2 were
type II, and 3 were type III. At weeks 3 and 4, all
wounds were subjectively classified as type II or III.

and forelimb wounds, respectively) and increased progressively from weeks 1 through 4 in both wounds.
Mean optical density for wounds in the thoracic region

Histologic examination—Histologic evaluation of
H&E-stained section of all wound biopsy specimens
obtained at week 0 subjectively revealed normal tissue
with hair follicles, blood vessels, collagen, and few
WBCs. Inflammation was evident in specimens
obtained at all subsequent weeks. At week 1, the cells
were primarily neutrophils, and there was evidence of
new capillary formation. At week 2, the cells were primarily macrophages with a few spindle-shaped cells
(fibroblasts). At week 3, there appeared to be a
decrease in the number of inflammatory cells. At week
4, there was an increase in collagen content and a further decrease in inflammatory cells. Although histologic evaluation was not quantified, subjective evaluation
did not reveal a qualitative difference in the number of
macrophages and neutrophils between wounds in the
thoracic region and wounds in the forelimb.
Examination of tissue specimens obtained from
wounds included all layers (ie, epidermis, dermis, hair
follicles, and fat deep in the tissue)subsequent samples
included granulation tissue. At week 0, tissues from
the thoracic wounds had dense collagen in all layers.
At week 1, there were a few spindle-shaped fibroblastlike cells evident. At week 2, superficial collagen deposition was detected, and density of the collagen was
increased throughout the depth of the tissues. At week
3, collagen was more abundant in the superficial layers
of the tissues, and at week 4, collagen was apparent
and organized in parallel fibrils in all tissue layers
(Fig 1).
For wounds in the forelimb, collagen was abundant in all tissue layers at week 0 and gradually
increased from weeks 1 to 4. Collagen fibrils were not
aligned in an organized fashion, compared to the collagen obtained at similar time points from the thoracic
wounds. Collagen content was not quantified.
Immunohistochemical labeling with α-SMA—
Myofibroblasts were detected in tissue specimens by
week 1, became more evident at week 2, and persisted
throughout the 4-week period. At weeks 3 and 4,
myofibroblasts appeared to be much more organized in
thoracic wounds than in wounds in the distal aspect of
the forelimb (Fig 2).
In situ hybridization of mRNA—A small amount
of type-I collagen was evident at time 0 in the wounds
in the thoracic region and the forelimb (mean ± SEM
optical density of 0.4 ± 0.6 and 0.3 ± 0.4% for thoracic
1566

Figure 1—Photomicrographs of biopsy specimens obtained 4
weeks after a 4 X 4-cm wound was created in the pectoral
region (A) or distal aspect of the left forelimb (B) of a horse.
Notice that collagen type I appears more organized in the thoracic wound than in the forelimb wound. Picrosirius red stain;
bar = 35.7 mm.
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for weeks 1 to 4 was 50.8 ± 9.0, 66.7 ± 11.0, 75.4 ±
23.0, and 120.9 ± 14.4%, whereas mean optical density for wounds in the distal aspect of the forelimb for
weeks 1 to 4 was 74.3 ± 4.3, 94.5 ± 16.7, 97.3 ± 13.9,
and 134.4 ± 7.2%. Expression of type-1 collagen was
significantly (P = 0.01) greater in wounds in the fore-

limb than in wounds in the thoracic region at weeks 1
to 4 (Fig 3).
An abundance of TGF-β1 mRNA was evident in all
tissue specimens by week 1, and optical density of
TGF-β1 mRNA in the tissues that were being repaired
increased steadily from weeks 1 to 3 but declined at
week 4. Mean optical density for thoracic wounds for
weeks 0 to 4 was 13.5 ± 5.0, 33.7 ± 6.4, 40.0 ± 10.4,
73.0 ± 8.0, and 40.1 ± 17.9%, whereas optical density
for forelimb wounds for weeks 0 to 4 was 14.5 ± 2.0,
30.8 ± 4.7, 58.3 ± 11.7, 100.2 ± 13.1, and 55.2 ±

Figure 3—Mean ± SEM expression of type-I collagen mRNA in
biopsy specimens obtained at the time 4 X 4-cm wounds were
created (week 0) in the pectoral region (white bars) and the distal aspect of the left forelimb (black bars) of horses and during 4
weeks of second-intention healing. *Within a sample collection
time, values differ significantly (P = 0.01) between groups.

Figure 2—Photomicrographs of biopsy specimens obtained 4
weeks after a 4 X 4-cm wound was created in the pectoral
region (A) or distal aspect of the left forelimb (B) of a horse.
Notice the material labeled with a-smooth muscle actin (brown).
Fibroblasts are abundant in both wounds but appear more organized in the thoracic wound than in the forelimb wound. αSmooth muscle actin label; bar = 35.7 mm.
AJVR, Vol 63, No. 11, November 2002

Figure 4—Mean ± SEM expression of transforming growth factor-β1 mRNA in biopsy specimens obtained at the time 4 X 4-cm
wounds were created (week 0) in the pectoral region (white
bars) and the distal aspect of the left forelimb (black bars) of
horses and during 4 weeks of second-intention healing. See
Figure 3 for key.
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12.8%. There was a significantly (P = 0.01) greater
amount of TGF-β1 mRNA at weeks 2 to 4 in wounds
of the distal aspect of the forelimb, compared with the
amount in wounds of the thoracic region (Fig 4).
The amount of MMP-1 mRNA in tissue specimens
obtained at week 0 was significantly (P = 0.01) greater
for thoracic wounds (mean optical density, 138.6 ±
32.5%), compared with forelimb wounds (mean optical density, 104.0 ± 31.5%). Compared with values for
week 0, MMP-1 mRNA was attenuated at weeks 1 and
2 and remained low during the subsequent weeks.
Except for control samples, none of the values differed
significantly. Mean optical density for thoracic wounds

Figure 5—Mean ± SEM expression of matrix metalloproteinase-1 mRNA in biopsy specimens obtained at the time 4
X 4-cm wounds were created (week 0) in the pectoral region
(white bars) and the distal aspect of the left forelimb (black
bars) of horses and during 4 weeks of second-intention healing. See Figure 3 for key.

Figure 6—Mean ± SEM expression of tissue inhibitor of metalloproteinase-1 mRNA in biopsy specimens obtained at the time
4 X 4-cm wounds were created (week 0) in the pectoral region
(white bars) and the distal aspect of the left forelimb (black bars)
of horses and during 4 weeks of second-intention healing. See
Figure 3 for key.
1568

for weeks 1 to 4 was 66.0 ± 10.2, 69.5 ± 10.6, 85.6 ±
12.5, and 76.4 ± 9.4%, whereas mean optical density
for forelimb wounds for weeks 1 to 4 was 52.2 ± 11.7,
61.9 ± 6.1, 89.2 ± 14.6, and 87.3 ± 13.9% (Fig 5).
In the thoracic wounds, the amount of TIMP-1
mRNA steadily increased from weeks 0 to 3 and then
decreased at week 4. Mean optical density for thoracic
wounds for weeks 0 to 4 was 25.9 ± 4.5, 39.9 ± 9.0,
54.6 ± 12.5, 69.8 ± 2.9, and 51.6 ± 16.7%. In the forelimb wounds, the amount of TIMP-1 mRNA was significantly (P = 0.01) increased at weeks 1 and 4, compared with the amount of TIMP-1 mRNA at week 0;
however, we did not detect a clear pattern. Mean optical density for forelimb wounds for weeks 0 to 4 was
40.9 ± 7.8, 60.4 ± 4.2, 45.2 ± 9.8, 48.9 ± 11.6, and 64.6
± 11.0%. At weeks 0 and 1, TIMP-1 mRNA expression
was significantly higher for forelimb wounds than for
thoracic wounds, but at week 3, TIMP-1 mRNA
expression was significantly higher for thoracic
wounds than for forelimb wounds (Fig 6).
Discussion
Grossly, none of the wounds in our study developed exuberant granulation tissue (Grade IV).
Thoracic wounds appeared to be healed at the completion of the 4-week study, whereas wounds in the distal
aspect of the forelimb remained, with minimal contraction and epithelialization. Because of the substantial contraction observed in thoracic wounds between
weeks 3 and 4, the data for week 4 may not accurately
reflect the true activity of typical thoracic wounds at
that time after injury. It was difficult to determine the
confounding effects of overlap of collection sites on
our results. The significant decrease in expression of
TGF-β1 mRNA and TIMP-1 mRNA between weeks 3
and 4 may have been a result of this overlap. However,
similar changes were also detected in forelimb wounds
in which there was no overlap of collection sites.
Molecular and cellular factors measured in the
study reported here supported the concept that there
are factors that either stimulate collegen synthesis or
degredation that are associated with the development
of exuberant granulation tissue. In the study reported
here, exuberant granulation tissue may not have
formed because the wounds were relatively small (4 X
4 cm) and all horses were housed in stalls, thus
decreasing motion at the wound sites.
During the development of exuberant granulation
tissue, collagen synthesis continues unabated. In the
study reported here, factors consistent with collagen
synthesis were increased, whereas concentrations of
MMP-1, a factor associated with collagen degradation
and maturation, were reduced from baseline at all
times in thoracic and forelimb wounds. This finding
has been reported in other species,16 but we were not
able to identify a report in horses.
Neutrophils, an indicator of acute inflammation,
were detected in all samples at week 1. By week 2,
macrophages appeared in tissue specimens, signifying
chronic inflammation. Macrophages remained abundant and were the predominant cell type in tissue specimens from week 2 until the completion of the study.
These cells continue to secrete and synthesize growth
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factors, and, in turn, those growth factors stimulate
migration of fibroblasts to the wound. Persistence of
fibroblasts in these wounds induces the stimulus for
release of growth factors from macrophages as well as
fibroblasts. The net effect is an accumulation of extracellular matrix proteins and collagen.
Collagen (types I and III) was identified by use of
staining with picrosirius red in normal skin. Collagen
fibers were densely packed and arranged in an organized,
linear fashion. Collagen was abundant in tissue specimens obtained at week 1 and increased progressively
throughout the 4-week study. There was a greater accumulation of collagen in wounds of the distal aspect of the
forelimb at all time points. Collagen fibrils were disorganized in tissue of the forelimb but were more organized in
the thoracic wounds. Disorganized collagen fibrils can be
representative of exuberant granulation tissue. Organized
collagen fibrils were consistent with progression toward
normal wound healing.
Myofibroblasts, which are 1 of the cell types
responsible for collagen synthesis, were more organized in the thoracic then the forelimb wounds at
weeks 3 and 4, compared with weeks 1 and 2.
Persistence of myofibroblasts for the entire 4 weeks of
the study provides evidence of the ongoing repair
phase of wound healing. Myofibroblasts are crucial for
wound contraction.16 Orientation of the myofibroblasts
was much more organized in the thoracic wounds,
which should have enhanced the ability of the healing
wound to contract. This was also reported in a study17
of second-intention healing that compared wounds in
horses and ponies.
Transforming growth factor-β1 is released from
macrophages and fibroblasts and acts as a stimulus for
collagen synthesis and TIMP while simultaneously
inhibiting the production of collagenase.11 The amount
of TGF-β1 mRNA was significantly increased at week
1 in thoracic and forelimb wounds. It reached a peak at
week 3 and declined at week 4, but it still remained significantly increased above baseline values. Significantly
greater up-regulation of TGF-β1 mRNA was evident at
weeks 2 to 4 in the forelimb wounds, compared with
values for the thoracic wounds. Greater expression of
TGF-β1 mRNA was observed in the forelimb wounds.
Increased amounts of TGF-β1 mRNA signified the
potential for greater induction of collagen synthesis in
these forelimb wounds, compared with the thoracic
wounds. In a similar study8 in which investigators evaluated second-intention healing in horses, TGF-β1 concentrations increased from baseline values and peaked
at 24 hours in wounds on the trunk and on the distal
aspects of the limbs. In that study, concentrations of
TGF-β1 returned to baseline values in wounds of the
trunk by 14 days but remained increased in wounds of
the distal aspects of the limbs for the 14-day duration
of the study. Differences between that study and the
study reported here are probably related to the methods used for measurement. We evaluated up-regulation
of TGF-β1 mRNA by use of in situ hybridization,
whereas an ELISA test was used to measure TGF-β1
protein in the other study.
Concentrations of MMP-1 remained low throughout the study, and there was not a significant differAJVR, Vol 63, No. 11, November 2002

ence between forelimb and thoracic wounds. Matrix
metalloproteinases such as collagenases, gelatinases,
and stromelysins play an important role in degradation of extracellular matrix and are important in second-intention healing because they facilitate cell
migration across a collagen substrate.4 Matrix metalloproteinase-1 is responsible for collagen degradation or
cleavage of collagen fibrils.10 Therefore, controlled
increases in MMP-1 activity could aid in the reduction
of exuberant granulation tissue. Additional in vitro
evaluation of treatment with MMPs should be conducted before considering in vivo use, because MMPs
are also associated with invasion of tumors through
their role in facilitating degradation of the extracellular matrix.16
Tissue inhibitor of metalloproteinase inhibits
MMP activity.10,18 In the study reported here, transcription of TIMP-1 increased in the thoracic wounds
between weeks 0 to 3 and then decreased by week 4. At
weeks 0, 1, and 4, but not at weeks 2 or 3, concentration of TIMP-1 was increased in the forelimb wounds.
Increased concentrations of TIMP may allow time for
initial synthesis of collagen. Production of TIMP
steadily increased through week 3 in the thoracic
wounds but did have a predictable pattern in the forelimb wounds. Matrix metalloproteinases and TIMP are
substantially involved in regulating angiogensis.18 It is
believed that a balance of MMPs and TIMP is necessary
for normal wound healing because of their actions
affecting angiogenesis as well as deposition and degradation of collagen. Administration of a substrate that
would induce the production of, or be chemotactic for,
MMPs may improve collagen degradation and, therefore, control the development of exuberant granulation
tissue.
In the study reported here, concentrations of the
factor most closely associated with collagen degradation activity (MMP-1) were lower in forelimb and thoracic wounds at all time points. An imbalance of collagen synthesis and degradation could be expected to
lead to the development of exuberant granulation tissue and subsequent delayed healing in wounds in the
distal aspect of the limbs, compared with wounds in
the thoracic regions of horses. Factors that inhibit collagenase (eg, TIMP) and, thus, enhance collagen synthesis or that stimulate collagenase (eg, MMPs) and
thereby degrade collagen may provide new therapeutic
options for treatment of horses with exuberant granulation tissue.
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