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Abstract To evaluate the effects of platelet-rich plasma
(PRP) on cutaneous regeneration and wound healing in
dogs treated with dexamethasone, the present study was
undertaken. Under general anesthesia, six full-thickness
skin wounds were created on the back of five male adult
dogs symmetrically. Left side wounds were left without any
treatment, and right side wounds were treated topically with
PRP jelly. Six days before creating the wounds, dogs
received dexamethasone, 0.5 mg/kg IM, and every other
day up to day 8 after wounding. For macroscopic evaluation,
digital photographs were taken from wounds. In days10, 17,
and 24 after wounding, skin biopsies were taken from the
center and corner of each wounds for hydroxyproline
measurement and histopathological evaluation. No signifi-
cant difference was seen in the percentage of wound
contraction, epithelialization, and healing between test and
control groups during the study (P>0.05). There were no
significant differences between median of hydroxyproline
levels between left and right wounds in dogs treated with
dexamethasone (P>0.0.5). There were no significant differ-

ences between median of epithelialization, inflammatory
cell infiltration, presence of dermal granulation tissue,
fibroblast proliferation, arrangement of fibroblasts, collagen
deposition, and collagen bundle formation scores, in the
specimens of left and right wounds (P>0.05). The results of
the present study demonstrated that PRP did not have
significant effects to promote cutaneous regeneration and
wound healing in dogs treated with dexamethasone at least
16 days after last injection.
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Introduction

The major goal of wound healing biology is to determine
how a wound can be induced to repair the damaged tissues
faster and more efficiently. Enhancement of dermal and
epidermal regeneration is an extremely important goal for
the treatment of many different types of wounds (Ferguson
et al. 2005). The healing of wounds is regulated by several
cell types and by a cascade of peptides known as cytokines
or growth factors. After an injury, growth factor secretion
by platelets and macrophages is induced, and inflammation-
healing process is initiated (Theoret 2005). Although
numerous growth factors are involved, transforming growth
factors-β (TGF-β1) and platelet-derived growth factor
(PDGF) play key roles in wound healing (Carter 2003;
Anitua et al. 2004). TGF-β1 favors the chemoattraction of
monocytes and macrophages, and a combined attraction
and proliferation of fibroblasts (Carter 2003; Theoret 2005).
These peptides also regulate the transcription of extracellu-
lar matrix proteins, including fibronectin, collagen, and
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glycosaminoglycans (Braun et al. 2002; Theoret 2005). The
ability to repair cutaneous wounds following injury is
critical for survival. Advanced age and diseases such as
diabetes or some drug such as corticosteroids alter the
effectiveness of the wound healing process (Ashcroft et al.
1995; Singer and Clark 1999). Local application of growth
factors has important therapeutic potential in the treatment
of chronic wounds, although the exact mechanisms of
synergistic action are not completely understood (Debus et
al. 2000). Growth factors and their receptors regulate key
aspects of soft and hard tissue repair (Benndt and Schultz
1993). Several clinical studies demonstrate that growth
factor treatment accelerates healing of normal tissues and
promotes healing of impaired wounds (Benndt and Schultz
1993). A previous study using topical application of diluted
platelet-derived locally acting growth factors resulted in
repair of previously nonhealing cutaneous wounds in
human (Knighton et al. 1990). Growth factors are essential
for regulating the cellular events involved in wound
healing. Growth factors attract cells into the wound, stimulate
their proliferation, and significantly influence on extracellular
matrix deposition (Declair 1999; Nishimoto et al. 2007).
TGF-β is particularly important because once it is activated,
it affects most aspects of tissue repair, including its initiation
and termination. TGF-β was predicted to be of therapeutic
value in the treatment of chronic, nonhealing, or slow
healing wounds over a decade ago (Ksander et al. 1990).
PDGF improves dermal regeneration, acts locally to promote
protein and collagen synthesis, causes endothelial migration
or angiogenesis (Ross 1987), and induces the expression of
TGF-β (Pierce et al. 1989a, b). TGF-β and PDGF have been
reported to be released at sites of tissue damage during
degranulation of platelet α-granules (Assoian et al. 1983). In
addition to its therapeutic potency, a series of studies suggest
an important role of endogenous PDGF in the repair process.
Upon injury, PDGF is released in large amounts from
degranulating platelets (Reuterdahl et al. 1993; Carmona et
al. 2007), and it is presented in a wound's fluid, particularly
early after injury (Breuing et al. 1997; Harris et al. 1995;
Marikovsky et al. 1993; Soma et al. 1992). Furthermore,
expression of PDGF and its receptor has been demonstrated
in various cells of murine, pig, and human wounds using in
situ hybridization and immunohistochemistry (Ansel et al.
1993; Antoniades et al. 1991; Whitby and Ferguson 1991;
Arguelles et al. 2006). The patterns of PDGF and PDGF
receptor expression suggest a paracrine mechanism of action,
since the ligands are predominantly expressed in the
epidermis, whereas the receptors are found in the dermis
and granulation tissue. Interestingly, expression of PDGFs
and their receptors was reduced in wounds of genetically
healing-impaired diabetic db/db mice and glucocorticoid-
treated mice (Beer et al. 1997, 2000), indicating that a certain
expression level of PDGFs and their receptors is essential for

normal repair. This hypothesis was supported by the finding
that impaired wound healing in aged mice is associated with
a delay in appearance of PDGFA and B isoforms and α- and
β-receptors (Ashcroft et al. 1997). Finally, the levels of
PDGF in nonhealing human dermal ulcers were strongly
reduced compared with surgically created acute wounds
(Pierce et al. 1995) and provided further supporting of the
important role of PDGF for normal healing. On the other
hand, augmented PDGF production might be involved in the
pathogenesis of hypertrophic scars and keloids as suggested
by the potent effect of PDGF on fibroblast proliferation and
extracellular matrix production, the presence of enhanced
levels of this growth factor in hypertrophic scar tissue
(Niessen et al. 2001), and the increased responsiveness of
keloid fibroblasts to PDGF (Haisa et al. 1994). In the present
study, the potential roles of PDGF in preventing the negative
effects of glucocorticoids in cutaneous wound healing of
dogs have been investigated.

Materials and methods

Dogs and experimental setup

Five male, mixed breed dogs (31±4 kg) were used in the
study. They were approximately 4 years old. The dogs were
kept in kennels, fed a maintenance ration twice daily, and
had free access to water. They were given rabies vaccine
and antiparasitic drugs (praziquantel 5 mg/kg and pipera-
zine 100 mg/kg, orally). Clinical examination, complete
blood count and blood serum biochemical analysis (blood
urea nitrogen, creatinine, alanine aminotreasferase, aspar-
atate aminotransferase, alkaline phosphatase, gamma-
glutamyltransferase, cholesterol, and glucose) were carried
out to confirm the health status of the animals. Skin
preparation protocol consisted of hair clipping and povidon
iodine scrubbing. Under general anesthesia (using acepro-
mazine 0.05 mg/kg IM and ketamine 20 mg/kg IM,
followed by halotan), six full-thickness skin wounds (20×
20 mm) were created on the back of each dog symmetri-
cally (three wounds in each side). Bleeding of the wound
bed significantly reduced by pressing sterile tampon. Left
side wounds (control group) were left without treatment,
and right side wounds (test group) were treated topically
with platelet-rich plasma (PRP) jelly. Six days before
creating of the wounds, dogs received dexamethasone
0.5 mg/kg IM every other day up to day8 after wounding.
They received eight injections of dexamethasone totally.
The wounds were covered with a sterile nonadhesive
bandage, and the back of each dog was bandaged with an
absorbent layer of cotton wool and elastic tape. Treatment
of wounds was started 24 h after wounding by 1 ml of PRP
jelly and continued every other day for three successive
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days. The bandages were changed once daily. Biopsy were
taken from the each pair of the wounds at the days10 (pair
1), 17 (pair 2), and 24 (pair 3) after wounding to evaluate
the healing process. The experimental protocol was
approved by the University Ethical Committee.

Preparation of platelet-rich plasma

Dog platelet-rich plasma was prepared by collecting whole
blood into a sterile bag containing acid citrate dextrose
formula A anticoagulant, each morning before treating the
wounds by PRP at the days 1, 3, and 5 after wounding.
Afterward, they were centrifuged at 120×g for 5 min. The
first supernatant plasma fraction (about 50%), adjacent to
the buffy coat, was obtained under aseptic conditions in a
laminar flow chamber. This fraction was centrifuged at
280×g for 5 min, and 25% from the first fraction was
obtained. A present harvesting program for single donor
platelet with concurrent plasma collection was used to
collect a target yield of about 8×105/µl platelet (PRP).
Normally, 40 ml whole citrated blood was used to prepare
1.5 ml of the PRP evaluated in the present study. Calcium
chloride (4.5 mEq/5 ml, Zist Faravar Co., Iran) 50 µl per
milliliter PRP and thromboplastin-D (commercially avail-
able for PT test) 200 IU/ml (Fisher Diagnostics, USA) were
used to activate the platelets.

Macroscopic evaluation of the wounds

The wounds were evaluated over a 4 weeks’ period. Digital
wound photographs were taken on days 0, 3, 5, 7, 10, 13,
17, 20, and 24 after careful shaving of the area to visualize
the wound margin. The scab of each wound was carefully
removed for better visualization of epithelialization and
granulation tissue formation by using the saline as the
cleaning liquid. Rulers were held vertically and horizontally
close to the wounds as a reference. The area of the
epithelialization and granulation tissue were measured for
each wound using Scion Image software. Percent of the
wound contraction, epithelialization, and healing was
calculated for each wounds based on the following formula:

– Wound contraction:

1. Wound size at the dayðxÞmm2

=wound size at the
day 0ð Þmm2�100 ¼ percent of the wound size at
the dayðxÞ

2. 100−percent of wound size at day (x)=percent of
wound contraction

– Wound epithelialization:

Size of epithelialization area at the dayðxÞmm2

=size of the

wound at the dayðxÞmm2�100 ¼ percent of the
epithelialization

– Wound healing:

1. Granulation tissue at thedayðxÞmm2

=wound size
at the day 0ð Þmm2�100 ¼ percent of the nonhealed
area compared to the woundsize at the day 0ð Þ

2. 100−percent of the nonhealed area compared to the
wound size at the day (0)=percent of the healing

Hydroxyproline measurement

At days 10, 17, and 24 after wounding, biopsies were taken
from the center of each wound using 0.7-mm biopsy punch
for hydroxyproline measurement. Tissue samples for
hydroxyproline assay were washed with physiological
saline and dried in a 100°C oven for 72 h. Hydroxyproline
levels were determined by a spectrophotometer using the
previously described method (Woessner 1961) in micro-
grams per gram dry matter. Initially, each specimen was
weighed and hydrolyzed in 12-N HCl at 130°C for 3 h.
Then each sample was adjusted to a final volume of 1 ml
and centrifuged at 3,000×g for 15 min. The supernatant was
separated off, and an equal volume of isopropanol was
added. Then this mixture was centrifuged at 2,500×g for
10 min. Serial dilutions of pure hydroxyproline were used
as standard, and the concentration of hydroxyproline in
each sample was calculated using the absorbance–concen-
tration curve for the standard hydroxyproline solutions.

Histopathological examination

At days 10, 17, and 24 after wounding, biopsies were taken
from the same corner of each wound using 0.9-mm biopsy
punch for histopathological examination. The wound
specimen from each dog was fixed in 10% buffered
formalin, embedded in paraffin, cut at 5-µm sections, and
stained with hematoxylin and eosin and Masson's trichrome.
Different histological findings of each sample, including
epithelialization, infiltration of inflammatory cells, presence
of granulation tissue, fibroblast proliferation, arrangement
of fibroblasts, collagen deposition, and collagen bundle
formation, were scored as follows: absent, 0; occasional
presence,1; slightly distributed, 2; and abundant, 3.

Statistical analysis

Statistical analysis was performed using the SPSS 9
program for Windows (SPSS Inc., Chicago, IL, USA).
Effects of time on healing were examined using ANOVA.
Effects of time on wound healing, epithelialization, and
contraction were examined using repeated measurements
and included time as a fixed factor and dogs as random
factor. In addition, paired t test was used to compare each
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day between the groups. The median of the groups for
hydroxyproline was compared using pair t test.

For histopathological examination, the median of the
groups was compared using a nonparametric sign test. Differ-
ences were considered statistically significant when P<0.05.

Results

Macroscopic evaluation

Initially, all wound areas increased in size. After the initial
enlargement, wound areas decreased in size between days

10 and 24 in control and test group. No significant
differences were seen in percent of wound contraction,
epithelialization, and healing between test and control
group during the study (P>0.05) (Figs. 1, 2, and 3).

Hydroxyproline levels

There were no significant differences between median of
hydroxyproline levels (µg/mg dry matter) between left and
right wounds in dogs treated with dexamethasone (P>
0.0.5). Although at days 17 and 24, hydroxyproline level
was greater in PRP-treated wounds (Fig. 4).

Histopathological evaluation

There were no significant differences between median of
epithelialization, infiltration of inflammatory cells, presence
of granulation tissue, fibroblast proliferation, arrangement
of fibroblasts, collagen deposition, and collagen bundle
formation scores in the specimens from left and right
wounds at days 10, 17, and 24 of sampling (P>0.05).

-60

-40

-20

0

20

40

60

80

100

0 3 5 7 10 13 17 20 24

Day

W
o

u
n

d
 C

o
n

tr
ac

ti
o

n
PRP-Group

Control

Fig. 1 Percent of wound contraction in the control and test wounds.
There were no significant differences between left (control) and right
(PRP-treated) wounds (P>0.05)
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Fig. 2 Percent of wound epithelialization in the control and test
wounds. There were no significant differences between left (control)
and right (PRP-treated) wounds (P>0.05)
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Fig. 3 Percent of wound healing in the control and test wounds.
There were no significant differences between left (control) and right
(PRP-treated) wounds (P>0.05)
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with dexamethasone. There were no significant differences between
left (control) and right (PRP-treated) wounds (P>0.05)
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Although at day 24, epithelialization, fibroblast prolifera-
tion, and collagen bundle formation were greater in PRP-
treated wounds according to the descriptive study (Figs. 5
and 6; Table 1).

Discussion

For the activation of the platelets in the concentrated PRP,
calcium chloride and thromboplastin-D were used at the
present study (Mendelsohn et al. 2007). This inexpensive

method is used for PT test and can be available in most
veterinary clinics. A well-defined sequence of events
follows dermal injury and normal healing. There is a
controlled progression to re-epithelialization, scarring, and
restoration of an intact epidermis. Hemostasis is promoted
rapidly after injury when platelets released from blood at
the wound site bind to freshly exposed tissue components
(Carter et al. 2003). These cells contain many chemicals
that act as messenger molecules responsible for initiating
blood coagulation, inflammation, and wound healing. One
of the most important molecules for healing is PDGF.

Fig. 5 Epidermal thickness is thicker in PRP-treated skin (a) in comparison to the control skin (b), day 17. Proliferation of fibroblasts is also
more prominent in the PRP-treated skin. Hematoxylin and eosin-stained, sectioned through the middle of the wounds, ×64

Fig. 6 Dermal collagen reorganization is more improved in PRP-treated skin (a) in comparison to the control skin (b), day 24. Masson's
trichrome-stained, sectioned through the middle of the wounds, ×160
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Fibroblasts at the wound site are stimulated by PDGF and
other growth factors to proliferate and produce extracellular
matrix (ECM) as a component of granulation tissue. The
presence of functional ECM is required to allow keration-
cyte migration from the wound edge and re-epithelializes
the wound surface with eventual scar formation. Cutaneous
wound healing involves repair and regeneration. It is
controlled by growth factors that regulate expression,
enzyme production, cellular differentiation, proliferation,
metabolism, and migration, as well as the synthesis and
remodeling of ECM proteins (Steed 1998; Komarcevic
2000; Carter et al. 2003). The ECM then coordinates
cellular events and modulates cellular responsiveness to
growth factors and cytokines. Glucocorticoids, in contrast,
inhibit wound healing in humans and in animal models of
tissue repair (Kane et al. 1991; Roberts et al. 1988). The
inhibition of procollagen synthesis in fibroblasts and the
decrease in circulation monocyte levels associated with
systemic administration of glucocorticoids sharply reduce
the potential host responses for wound repair in vivo (Kane
et al. 1991; Tsunawaki et al. 1988). Because of therapeutic
potency of PDGF, a series of studies suggest an important
role of endogenous PDGF in the repair process. Upon
injury, PDGF is released in large amounts from degranulat-
ing platelets (Roberts and Sporn 1990), and it is present in
wound fluid, particularly early after injury (Matsuoka and
Grotendorst 1989). At the present experiment, there was no
significant difference in macroscopic evaluation of the
wounds during the study. Dogs at the present study
received dexamethasone IM and 6 days before up to 8 days
after wounding, so this result could be due to the effects of
dexamethasone on wound healing. Expression of PDGF
and its receptor has been demonstrated in various cells of
murine, pig, and human wounds using in situ hybridization
and immunohistochemistry (Ono et al. 1995; Rengove et al.
2000; Vogt et al. 1998). The patterns of PDGF and PDGF
receptor expression suggest a paracrine mechanism of
action, since the ligands are predominantly expressed in
the epidermis, whereas the receptors are found in the dermis
and the granulation tissue. Interestingly, expression of
PDGF and its receptor was reduced in wounds of
healing-impaired genetically diabetic db/db mice and
glucocorticoid-treated mice (Werner and Grose, 2003;
Carter et al. 2003), indicating that a certain expression
level of PDGF and its receptor is essential for normal
repair. At the present study, no significant differences were
seen in the amount of hydroxyproline in test and control
groups. As previously mentioned, certain expression level
of PDGF and its receptor is essential for normal repair.
Dexamethasone can reduce the expression level of PDGF
and other cytokines in wounds. Statistically there was no
significant difference in the amount of hydroxyproline, but
the amount of hydroxyproline increased at days 17, and 24T
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in PRP-treated group. This finding could be attributed to
the reducing effects of dexamethasone after the last
injection at day8 after wounding.

TGF-β1 is produced by a variety of cells normally
recruited to an injury site. TGF-β1 regulates cellular
differentiation, proliferation, chemotaxis, and synthesis of
many ECM components (Roberts et al. 1988; Kane et al.
1991; Carter et al. 2003). The release of H2O2 by macro-
phages is suppressed by TGF-β (Tsunawaki et al. 1988;
Carter et al. 2003), so that growth factors and cytokines
secreted by macrophages exert their effects, but the ability
to induce cell death by oxidative stress is alleviated
(Roberts and Sporn 1990; Carter et al. 2003). Topical
application of TGF-β1 in cutaneous wounds in pig and rat
promotes healing (Mustoe et al. 1987; Pierce et al. 1989a,
b; Carter et al. 2003). Differentiation can be induced by
natural compounds (Carter and Parham 1997; Carter and
Madden 2000; Carter et al. 2003), including growth factors.
TGF-β decreases basal keratinocyte proliferation and
induces suprabasal cell differentiation to stimulate epider-
mal regeneration associated with cutaneous wound healing
(Choi and Fuchs 1990; Kane et al. 1990, 1991; Carter et al.
2003). At the present study, no significant differences were
seen in histopatological evaluation of healing between test
and control groups. As previously mentioned results for
macroscopic and hydroxyproline evaluation between test
and control groups, this could be attributed to the effects of
dexamethasone during the study. Although at the day 24,
descriptive study of PRP-treated wounds showed mature
granulation tissue characterized by dense parallel dermal
collagen bundles.

Dense, tightly packed, organized collagen fiber bundles
are characteristic of mature granulation tissue, whereas thin,
randomly organized collagen bundles containing many
fibroblasts characterize the early stages of granulation
tissue deposition (Moyer et al. 2002). Treatment of
fibroblasts with TGF-β significantly increases cellular
synthesis of collagen, fibronectin, and glycosaminoglycans
and promotes matrix formation (Hsuan 1989; Ignotz and
Massagué 1986; Carter et al. 2003). TGF-β triggered
synthesis and rapid maturation of collagen in early wounds
caused by cutaneous incisions in rabbits (Carter et al.
2003). When PDGF was used in diabetic rats, collagen
deposition in experimental wounds increased to the level of
control, nondiabetic animals (Grotendorst et al. 1985).
Combined PDGF and TGF-β resulted in higher collagen
deposition than rats treated just by TGF-β (Lawrence et al.
1986; Carter et al. 2003). The results of the present study
demonstrated that PRP cannot promote wound healing
significantly in dogs treated with dexamethasone at least
16 days after last injection. But beneficial effects of PRP as
a source of important growth factors needed for wound
healing should be kept in mind.

Acknowledgment This study was supported by the research fund of
Ferdowsi University of Mashhad, Iran (research project number; 3636,
26/10/1386).

References

Anitua E, Andia I, Ardanza B (2004) Autologous platelets as a source
of proteins for healing and tissue regeneration. Thromb Haemost
91:4–15

Ansel JC, Tiesman JP, Olerud JE, Krueger JG, Krane JF, Tara DC,
Shipley GD, Gilbertson D, Usui ML, Hart CE (1993) Human
keratinocytes are a major source of cutaneous platelet-derived
growth factor. J Clin Invest 92:671–678

Antoniades HN, Galanopoulos T, Neville-Golden J, Kiritst CP, Lynch
SE (1991) Injury induces in vivo expression of platelet-derived
growth factor (PDGF) and PDGF receptor mRNAs in skin
epithelial cells and PDGF mRNA in connective tissue fibroblasts.
Proc Natl Acad Sci USA 88:565–569

Arguelles D, Carmona JU, Paster J, Iborra A, Vinals L, Martinez P,
Bach E, Prades M (2006) Evaluation of single and double
centrifugation tube methods for concentration equine platelets.
Res Vet Sci 81:237–245

Ashcroft GS, Horan MA, Ferguson MW (1997) The effects of ageing
on wound healing: immunolocalisation of growth factors and
their receptors in a murine incisional model. J Anat 190:351–365

Ashcroft GS, Horan MA, Ferguson MW (1995) The effects of aging
on cutaneous wound healing in mammals. J Anat 187:1–26

Assoian RK, Komoriya A, Meyers GA, Miller DW, Sporn UB (1983)
Transforming growth factor-beta in human platelets. J Biol Chem
258:71–7160

Beer HD, Fassler R, Werner S (2000) Glucocorticoid-regulated gene
expression during cutaneous wound repair. Vitam Horm 59:217–239

Beer HD, Longaker MT, Werner S (1997) Reduced expression of
PDGF and PDGF receptors during impaired wound healing. J
Invest Dermatol 109:132–138

Benndt NT, Schultz GS (1993) Growth factors and wound healing.
Part II. Role in normal and chronic wound healing. Am J Surg
166:74–81

Braun S, Keller U, Beer HD (2002) Meeting report: growth factors in
development, repair and disease. Eur J Cell Biol 81:375–382

Breuing K, Andree C, Helo G, Slama J, Liu PY, Eriksson E (1997)
Growth factors in the repair of partial thickness porcine skin
wounds. Plast Reconstr Surg 100:657–664

Carmona JU, Arguelles D, Climent F, Prades M (2007) Autologous
platelet concentration as a treatment of horses with osteoarthritis: A
preliminary pilot clinical study. J Equine Vet Sci 27(4):167–170

Carter CA, Jolly DG, Worden CE, Hendren DG, Kane CJM (2003)
Platelet-rich plasma gel promotes differentiation and regeneration
during equine wound healing. Exp Mol Pathol 74:244–255

Carter CA, Madden V (2000) A newly characterized human
endometrial adenocarcinoma cell line (CAC-1) differentiates in
response to retinoic acid treatment. Exp Mol Pathol 69:175–191

Carter CA, Parham GP (1997) State of differentiation affects the
response of endometrial adenocarcinoma cells to retinoic acid.
Anticancer Res 17:1973–1984

Carter K (2003) Growth factors: the wound healing therapy of the
future. Wound Care 8:S15–S23

Choi Y, Fuchs E (1990) TGF-beta and retinoic acid: regulators of
growth and modifiers of differentiation in human epidermal cells.
Cell Regul 1:791–809

Debus ES, Schmidt K, Ziegler UE, Thiede A (2000) The role of
growth factors in wound healing. Zentralbl Chir 125:49–55

Declair V (1999) The importance of growth factors in wound healing.
Ostomy Wound Manage 45:64–68

Comp Clin Pathol (2011) 20:155–162 161



Ferguson M, Byrnes C, Sun L, Marti G, Bonde P, Duncan M, Harmon
JW (2005)Wound healing enhancement: electroportion to address a
classic problem of military medicine. World J Surg 29:S55–S59

Grotendorst GR, Martin GR, Pencev D, Sodec J, Harvey AK (1985)
Stimulation of granulation tissue formation by platelet-derived
growth factor in normal and diabetic rats. J Clin Invest 76:2323–
2329

Haisa M, Okochi H, Grotendorst GR (1994) Elevated levels of PDGF
alpha receptors in keloid fibroblasts contribute to an enhanced
response to PDGF. J Invest Dermatol 103:560–563

Harris IR, Yee KC, Walters CE, Cunliffe WJ, Kearney JN, Wood EJ,
Ingham E (1995) Cytokine and protease levels in healing and
non-healing chronic venous leg ulcers. Exp Dermatol 4:342–349

Hsuan JJ (1989) Transforming growth factors. Br Med Bull 45:425–437
Ignotz RA, Massagué J (1986) Transforming growth factor-beta

stimulates the expression of fibronectin and collagen and their
incorporation into the extracellular matrix. J Biol Chem 261:4337–
4345

Kane CJM, Hebda PA, Mansbridge JN, Hanawalt PC (1991) Direct
evidence for spatial and temporal regulation of transforming
growth factor ≷1 expression during cutaneous wound healing. J
Cell Physiol 148:157–173

Kane CJM, Knapp AM, Mansbridge JN, Hanawalt PC (1990)
Transforming growth factor-≷1 localization in normal and
psoriatric epidermal keratinocytes in situ. J Cell Physiol
144:144–150

Knighton DR, Ciresi K, Fiegel VD, Schumerth S, Butler E, Cerra FB
(1990) Stimulation of repair in chronic, nonhealing, cutaneous
ulcers using platelet- derived wound healing formula. Surg
Gyneclo Obstet 170:56–60

Komarcevic A (2000) The modern approach to wound treatment. Med
Pregl 53:363–368

Ksander GA, Chu GH, McMullin H, Ogawa Y, Pratt BW, Rosenblatt JS,
McPherson JM (1990) Transforming growth factors-ß1 and ß2
enhance connective tissue formation in animal models of dermal
wound healing by secondary intent. In: Piez KA, Sporn MB (eds)
Transforming growth factor-ßs: chemistry, biology, and therapeu-
tics, vol 593. New York Academy of Sciences, New York

Lawrence WT, Sporn MB, Gorschboth C, Norton JA, Grotendorst GR
(1986) The reversal of an adriamycin induced healing impairment
with chemoattractants and growth factors. Ann Surg 203:142–147

Marikovsky M, Breuing K, Liu PY, Eriksson E, Higashiyama S,
Farber P, Abraham J, Klagsbrum M (1993) Appearance of
heparin binding EGF-like growth factor in wound fluid as a
response to injury. Proc Natl Acad Sci USA 90:3889–3893

Matsuoka J, Grotendorst GR (1989) Two peptides related to platelet
derived growth factor are present in human wound fluid. Proc
Natl Acad Sci USA 86:4416–4420

Mendelsohn EE, Solum NO, Brosstad F (2007) Effects of platelets
and platelet-derived material on the activated partial thrombo-
plastin time (Cephotest) coagulation test. Scan J Clin Lab Invest
65:321–332

Moyer KE, Davis A, Saggers GC, Mackay DR, Ehrlich HP (2002)
Wound healing: the role of gap junctional communication in rat
granulation tissue maturation. Expt Mol Pathol 72:10–16

Mustoe TA, Pierce GF, Thomason A, Gramates P, Sporn MB, Deuel
TF (1987) Accelerated healing of incisional wounds in rats
induced by transforming growth factor-≷. Science 237:1333–
1336

Niessen FB, Andriessen MP, Schalkwijk J, Visser L, Timens W (2001)
Keratinocyte-derived growth factors play a role in the formation
of hypertrophic scars. J Pathol 194:207–216

Nishimoto S, Oyama T, Matsuda K (2007) Simultaneous concentra-
tion of platelets and marrow cells: a simple and useful technique
to obtain source cells and growth factors for regeneration
medicine. Wound Rep Reg 15:156–162

Ono I, Gunji H, Zhang JZ, Maruyama K, Kaneko F (1995) Studies on
cytokines related to wound healing in donor site wound fluid. J
Dermatol Sci 10:241–245

Pierce GF, Tarpley JE, Tseng J, Bready J, Chang D, Kenney WC,
Rudolph R, Robson MC, Vandeberg J, Reid P, Kaufman S,
Farrell CL (1995) Detection of platelet-derived growth factor
(PDGF)-AA in actively healing human wounds treated with
recombinant PDGF-BB and absence of PDGF in chronic
nonhealing wounds. J Clin Invest 96:1336–1350

Pierce GF, Mustoe TA, Lingelbach J, Masakowski VR, Gramates P,
Deuel TF (1989a) Transforming growth factor ß reverses the
glucocorticoid-induced wound healing deficit in rat: possible
regulation in macrophages by platelet-derived growth factor. Pro
Natl Acad Sci 86:2229–2233

Pierce GF, Mustoe TA, Lingelbach J, Masakowski VR, Griffin GL,
Senior RM, Deuel TF (1989b) Platelet derived growth factor and
transforming growth factor-beta enhance tissue repair activities
by unique mechanisms. J Cell Biol 109:429–440

Rengove NJ, Bielefeldt-Ohmann H, Stacey MC (2000) Mitogenic
activity and cytokine levels in non-healing and healing chronic
leg ulcers. Wound Repair Regen 8:13–25

Reuterdahl C, Sundberg C, Rubin K, Funa K, Gerdin B (1993) Tissue
localization of beta receptors for platelet-derived growth factor
and platelet-derived growth factor B chain during wound repair
in humans. J Clin Invest 91:2065–2075

Roberts AB, Flanders KC, Kondaiah P, Thompson NL, Van
Obberghen-Schilling E, Wakefield L, Rossie P, De Crumbrugghe
B, Heine U, Sporn MB (1988) Transforming growth factor ≷:
biochemistry and roles in embryogenesis, tissue repair and
remodeling, and carcinogenesis. Rec Prog Horm Res 44:157–197

Roberts AB, Sporn MB (1990) The transforming growth factor-betas.
In: Sporn MB, Roberts AB (eds) Peptide growth factors and their
receptors: handbook of experimental pharmacology, vol 95.
Springer, Heidelberg

Ross R (1987) Platelet-derived growth factor. Ann Rev Med 38:71–79
Singer AJ, Clark RA (1999) Cutaneous wound healing. N Enl J Med

341:738–746
Soma Y, Dvonch V, Grotendorst GR (1992) Platelet-derived growth

factor AA homodimer is the predominant isoform in human
platelets and acute human wound fluid. FASEB J 6:2996–3001

Steed DL (1998) Modifying the wound healing response with
exogenous growth factors. Clin Plast Surg 25:397–405

Theoret CL (2005) The pathophysiology of wound repair. The
Veterinary Clinics of North American Equine Practice 21:1–13

Tsunawaki S, Sporn M, Ding A, Nathan C (1988) Deactivation of
macrophages by transforming growth factor-≷. Nature 334:260–
262

Vogt PM, Lehnhardt M, Wagner D, Jansen V, Krieg M, Steinau HU
(1998) Determination of endogenous growth factors in human
wound fluid: temporal presence and profiles of secretion. Plast
Reconstr Surg 102:117–123

Werner S, Grose R (2003) Regulation of wound healing by growth
factors and cytokines. Physiol Rev 83:835–870

Whitby HJ, Ferguson MWJ (1991) Immunohistochemical localization
of growth factors in fetal wound healing. Dev Biol 147:207–215

Woessner JF (1961) The determination of hydroxyproline in tissue and
protein samples containing small proportions of this amino acid.
Arch Biochem Biophys 91:440–447

162 Comp Clin Pathol (2011) 20:155–162


	Effects of platelet-rich plasma (PRP) on cutaneous regeneration and wound healing in dogs treated with dexamethasone
	Abstract
	Introduction
	Materials and methods
	Dogs and experimental setup
	Preparation of platelet-rich plasma
	Macroscopic evaluation of the wounds
	Hydroxyproline measurement
	Histopathological examination

	Statistical analysis
	Results
	Macroscopic evaluation
	Hydroxyproline levels
	Histopathological evaluation

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


