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Abstract

Wound healing is important for long life. Midkine is a cytokine involved in controlling tissue
repair and new tissue development, and regulating inflammation. We investigated the effect
of midkine on wound healing in rats. In total, 108 Wistar albino rats were used: 12 as healthy
and diabetic controls; 96 split into four groups: healthy, saline treated (HW); healthy, midkine
(10 ng/kg, 48-hourly intervals) treated (HM); diabetic, saline treated (DW); and diabetic,
midkine treated (DM). Following wound creation, 6 rats per group were euthanized on days 3,
7, 14 and 28; the wounded skin was removed. Levels of epidermal growth factor (EGF),
matrix metalloproteinase-8 (MMP-8), transforming growth factor beta (TGF-f), platelet
derived growth factor (PDGF), vascular endothelial growth factor (VEGF) and thiobarbituric
acid-reactive substances (TBARS) were measured. MMP-8 and PDGF levels fluctuated in all
groups; TGF- fluctuated in the diabetic groups and was significantly higher in the HM group
than other groups after 14 days. EGF and VEGF levels were increased in the HM group after
3 days. TBARS levels were highest in the diabetic groups. Macroscopically, the midkine
treated groups healed better. Midkine can accelerate wound healing by influencing growth

factors and oxidative status in wound tissues.

Keywords: Midkine; wound healing; growth factors.
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Introduction

A wound is defined as the impairment of tissue or organ integrity. The normal wound healing
process is a well-orchestrated, complex and interlinked series of different processes (Guo and
DiPietro 2010). Systemic problems often impair the phases of wound healing and nonhealing
wounds may herald systemic pathologies, with delayed wound healing serving as a source of
morbidity and mortality in chronic diseases because of the associated tissue inflammation and
infection. For years, many researchers have focused on discoveries that could support the
healing of skin wounds. A variety of chemicals and drugs have been tested to improve the
quality and strength/speed of wound healing. There are no perfect drugs, although there are

many that are promising (Rhett et al. 2008).

Macrophages, fibroblasts, platelets, endothelial cells and keratinocytes play important roles
during wound healing. They provide a storehouse of growth factors, cytokines and
chemoattractant molecules. Epidermal growth factor (EGF) acts in the formation of new
epidermis. It increases collagen accumulation and induces proliferation of epidermal cells and
keratinocyte migration, and in doing so strength/speed the healing of wounds (Kondo and
Ishida 2010; Seeger and Paller 2015). Along with matrix metalloproteinase (MMP),
transforming growth factor beta (TGF-B) supplies new matrix. MMP allows modulation,
coordination of wound healing and organization of granulation tissue (Kondo and Ishida
2010; Martins et al. 2013). It also contributes to the migration of cells/structures (Martins et
al. 2013). Platelet derived growth factor (PDGF) allows chemotaxis and mitogenesis of
neutrophils and macrophages, and conversion of fibroblasts to myofibroblasts and smooth
muscle cells (Barrientos et al. 2008; Werner and Grose 2003). It accelerates wound healing
(Judith et al. 2010). PDGF is the only FDA-approved growth factor for diabetic wound
healing (Brem and Tomic-Canic 2007). It acts synergistically with TGF-f3 (Barrientos et al.

2008; Werner and Grose 2003). TGF-f stimulates the synthesis of collagen and inhibitors of
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MMP. It plays an important role in inflammation, angiogenesis, re-epithelialization and
connective tissue regeneration (Faler et al. 2006). In addition, it aids the formation of
granulation tissue and plays a part in all steps of wound healing (Kondo and Ishida 2010).
Vascular endothelial growth factor (VEGF) plays an essential role in the proliferation and
formation of new endothelial cells. It promotes formation of new blood vessels (Barrientos et

al. 2008; Kondo and Ishida 2010).

The oxidative state of a wound is a key determinant of its healing outcome. Levels of
thiobarbituric acid-reactive species (TBARS) and malondialdehyde (MDA) depend on the
level of free radicals. The increased accumulation of free radicals induces lipid peroxidation
in the wound area. Therefore, it has been shown that antioxidants may be helpful in wound

healing (Rasik and Shukla 2000).

The cytokine midkine (MK) is a heparin-binding growth factor of 13 kDa (Muramatsu 2011).
It promotes cell growth, cell migration, chemotaxis, and fibrinolysis, as well as
embryogenesis and survival by influencing the mitogen-activated protein kinase (MAPK) and
phosphatidyl inositol 3-kinase (PI3K)/AKT pathways (Xu et al. 2014). MK induces
epithelial-mesenchymal interactions, neurogenesis, angiogenesis, anti-apoptosis and
migration in embryogenesis (Muramatsu 2010). Because of its properties and physiological
functions, MK could be effective in wound treatment trials (Unoki et al. 1995). MK affects
regulation of inflammation, growth of fibroblasts and keratinocytes, cell proliferation,
inflammatory cell migration (macrophages and neutrophils, among others) and the formation
of the cytoskeleton, an effect it provides through the receptor tyrosine phosphatase (RPTP-3)
(Muramatsu 2011; Sumi et al. 2000). MK levels may be associated with the levels of the
growth factors that can assist healing (Kadomatsu et al. 2014). MK reduces apoptosis, and
increases cell viability and proliferation. It also reverses hypoxia-induced increases in

intracellular reactive oxygen species (Lee et al. 2012).
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Diabetes is a chronic disease with dysregulation of glucose, which also leads to lipid and
protein metabolism disorders. It can cause a number of complications, including some that
make it harder for wounds to heal. Impaired wound healing is a frequent and very severe
problem in patients with diabetes mellitus. The nonenzymatic glycation of proteins,
generating advanced glycation end-products, acts as an active pathogenic stream that affects
healing (Dagogo-Jack and Alberti 2002). The excessive apoptosis, increased matrix
degradation and disintegration of the cell matrix connections associated with hyperglycemia
cause delays in wound healing (Darby et al. 1997). In addition, irregular inflammatory
responses, impairment of inflammatory cell migration, prolonged inflammation, impaired
neovascularization and unbalanced collagen expression retard wound healing in diabetic

patients (Ahmed 2005).

In this research, it hass been hypothesized that effects of MK on the some inflammatory
biological markers which play role in the healing of wound (Muramatsu 2010) are taken into
consideration; MK may show some beneficial effect in the wound healing in the healthy or

diabetic subjects.

The costs of treating pathologies related to this deficit in the healing process increase the
importance of studies searching for new treatment approaches that are capable of interacting
with damaged tissues to accelerate the healing process/treatments. In this study, we aimed to
evaluate the effect of MK application to a full-thickness skin wound model in healthy and

diabetic rats.

Materials and Methods

Animals

https://mc06.manuscriptcentral.com/cjpp-pubs
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A total of 108 male Wistar albino rats (10-12 weeks, 250-350 g) were housed in cages in a
room with automatic ambient humidity (55 + 5%), temperature (22 + 2°C), and light—dark
control (12-h light/dark cycle). The animals were obtained from the KONUDAM
Experimental Medicine, Application and Research Center, Konya, Turkey. They were fed ad
libitum with a commercial diet (Bil-Yem Feeds, Ankara, Turkey) that included the following:
88% dry matter, 23% crude protein, 7% crude fibre, 3% crude oil, 1.0-2.5% calcium, 0.9%

phosphorus and 0.5-1% sodium, and had free access to water.

All experiments and manipulations were carried out in accordance with the Guide for the Care
and Use of Laboratory Animals (1996, published by National Academy Press, 2101
Constitution Ave. NW, Washington, DC 20055, USA) and our use of animals was reviewed
and approved by the appropriate animal care review committee at the Ethics Committee of
Necmettin Erbakan University Kombassan Experimental Medicine Research and Application

Center, Turkey.

Induction of diabetes

Streptozotocin (STZ, >98% [HPLC], Sigma-Aldirich Co., USA) dissolved in citrate buffer
(pH 4.5, 20 mg/mL) was used to induce diabetes, with two consecutive daily subcutaneous
(s.c.) doses of freshly prepared STZ (40 mg/kg) being given (Gelling et al. 2006). The rats
were allowed to drink 5% glucose solution overnight to accomplish the drug-induced
hypoglycemia (Liang et al. 2013). Rats with nonfasting blood glucose levels of >300 mg/dL

2 weeks after STZ injection were considered to be diabetic (Haidara et al. 2009).

Experimental design and full-thickness skin wound model

First, 12 Wistar albino rats were divided into two groups (6 healthy [H group] and 6 diabetic
[D group] to act as the controls (Hour 0). The dorsal skin of these animals that did not

undergo application of MK or saline was removed under anesthesia at 0 hour.
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The remaining 96 rats were divided into four procedure groups: healthy control (HW), healthy
midkine (HM), diabetic control (DW), and diabetic midkine (DM), giving 24 rats per group.
The dorsal skins of these 96 animals were shaved and cleaned with iodine solution. With the
animals under anesthesia, four full-thickness skin wounds (approximately 6 mm in diameter)
were created using a 6-mm biopsy punch at 0 hour (diabetes mellitus having been previously

established in the two diabetic groups).

In two groups (HW and DW), the wound area of the rats was treated with 0.9% saline solution

(s.c.) at 48-hourly intervals during the study period.

In the remaining two groups (HM and DM), the wound area of the rats was treated with MK

solution (10 ng/kg, s.c.; Sigma-Aldirich Co.) at 48-hourly intervals during the study period.

From each of these groups, six rats were examined at each of four time points (3, 7, 14, and
28 days). The wounded skin was collected at the appropriate sampling time, with the rats
anesthetized using 20 mg/kg intraperitoneal thiopental sodium (Pental 1 g; Ulagay, Istanbul,

Turkey).

Evaluation of wound healing

The wound granulation tissues were harvested at each time point. Harvested skins were stored
at —80°C for further analysis. The concentrations of growth factors were measured using an
ELISA reader (Bio-Tek Instruments Inc., MWGt Lambda Scan 200) and the following rat-
specific ELISA kits: EGF, PDGF, TGF- (USCN Business Co., Ltd., USA); MMP-8, VEGF
(Cusabio, China); and TBARS (Cayman Chemical, USA) according to the manufacturer’s

protocol.

Statistical analysis
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All experimental values are presented as mean + SE. The data were analyzed by ANOVA,
and the Duncan test was then used as a post-hoc test to analyze the difference between the

groups and across the days (IBM SPSS Statistics 22.0). P < 0.05 was considered significant.

Results

EGF levels in HW group were lower than in all of the other groups at day 3 (P < 0.05), while
EGF levels in the HM group were higher than all of the other groups at day 28 (P < 0.05). In
the HM group, the levels increased steadily across the sampling days and the levels on days

14 and 28 were statistically significantly (P < 0.05) higher than at 0 hour (Table 1).

MMP-8 levels were highest (P < 0.05) on days 3 and 7 in the HW group, compared with the
other groups. In the HW group, the MMP-8 level was highest on day 3, compared with the
other days (P < 0.05), however, MMP-8 levels reduced from 0 hour in the DM group (P <

0.05) (Table 1).

The PDGEF level was higher in the DW group than the other groups on day 3 (P < 0.05) and it
was higher in the HM group than the HW and DW groups on day 14. In the other words,
levels of PGDF were found to fluctuate across the days, with the levels being highest on days
7, 14, 3 and 14 in the HW, HM, DW and DM groups, respectively (P < 0.05). At 0 hour and
on day 28, PDGF levels were determined to be lowest in the HW group. In contrast, the other

groups were observed to be low only at 0 hour (P < 0.05) (Table 1).

The TGF-p level of the DW group was higher than the other groups on day 3 (P < 0.05).
When the HM group was compared with the HW group, the TGF-f level was higher (P <
0.05) on days 14 and 28 and its highest level was found in the HM group on day 28. In the
HM group, TGF-B level was higher at 0 hour compared with day 28 (P <0.05). Fluctuations

were seen in the TGF-f levels of the DW group. The TGF- level decreased in the DW group

https://mc06.manuscriptcentral.com/cjpp-pubs

Page 8 of 24



Page 9 of 24

162

163

164
165
166

167

168
169
170
171

172

173
174

175
176
177
178
179
180
181
182
183
184

185

Canadian Journal of Physiology and Pharmacology

after day 3 (P < 0.05), whereas in the DM group the highest TGF-f level was detected on day

14 (P < 0.05) (Table 1).

VEGF levels increased in the DM and HM groups up until day 14. The VEGF level was
higher in the HW group than in the DM group on day 3 (P < 0.05). This level was shown to
be highest in the HM group on day 7 among the groups and the level of VEGF was lower in

the DW group than in the HM group on day 14 (Table 1).

TBARS levels decreased in the HW group after 0 hour (P < 0.05). In the diabetic groups,
TBARS levels were found to be very high at 0 hours, but levels reduced after the wound was
created (P < 0.05). At 0 hours, there was a significant difference between the healthy and the
diabetic groups (P < 0.05). In the same time, the TBARS level was highest in the DW group

on day 28 (P < 0.05) among the groups (Table 1).

Discussion

The repair of cutaneous wounds in the adult body involves a complex series of spatially and
temporally organized processes to prevent infection and restore homeostasis that last months
and years. Three characteristic phases of wound repair (inflammation, proliferation including
re-epithelialization, and remodeling) overlap in time and space. Extracellular matrix,
inflammatory mediators and a wide range of growth factors take part in these cascades; these
factors are now being increasingly recognized as an important modality for accelerating and
modulating healing processes (Li et al. 2007). MK plays a part in proliferation, growth,
migration and survival of different cell types. In addition, it induces synthesis of extracellular
matrix proteins and regeneration of the basic structures that form the cell skeleton
(Kadomatsu et al. 2014; Shirakata et al. 2005; Sumi et al. 2000). MK is a cytokine or growth

factor that has a similar structure to other growth factor-related protein families, such as the
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fibroblast growth factor family and neuronal growth factors (Kosugi et al. 2006). MK may

have different effects in inflammatory pathologies.

Levels of EGF increased in MK-treated healthy rats (Table 1). EGF accelerates wound
healing and supports skin morphogenesis and homeostasis (Barrientos et al. 2008; Kondo and
Ishida 2010). The presence of keratinocytes is necessary, when normal wound healing
(specifically epidermis and hairs) is required. In this case, EGF ensures regulation and
migration of keratinocytes and hemostasis in the skin (Blumenberg 2013; Nanba et al. 2013).
At the same time, it supplies new epithelium, promoting formation of matrix and cell
proliferation (Santoro and Gaudino 2005; Shirakata et al. 2005). Hence, epithelialization is
accelerated in wound areas by the migration of increased numbers of keratinocytes (Shirakata
et al. 2005). Wound healing is delayed when keratinocytes and fibroblast cells are inhibited

(Cho Lee et al. 2005).

MK can have influence on keratinocytes directly or can affect the synthesis of growth factors
from inflammatory cells indirectly, so increasing rates of wound closure and hair growth. As a
result, EGF may have increased the number of keratinocytes in the HM group, leading to the
faster wound healing and hair growth that occurred in this group. However, these features
were not at the desired level because of fluctuating EGF levels in the DW and DM groups. It
may be that high glucose concentrations impair proliferation and differentiation in
keratinocytes, and affect the growth factors released from macrophages (Maruyama et al.
2007; Spravchikov et al. 2001). For these reasons, the regenerative effect of MK on wound
healing is not absolutely proven in the diabetic group because this group might have a lack of
normal cells such as macrophages and keratinocytes in comparison with healthy animals. In
addition, increased EGF and glucose levels may have induced excessive endogenous MK
levels (Rawnagq et al. 2014). Therefore, wound healing may have been partially delayed in the

DM group compared with the HM group.
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It is suggested that epidermal healing and hair growth are delayed because of the fluctuations
in EGF levels in the diabetic groups (Table 1). However, this may depend on increases in the
number of keratinocytes as higher EGF levels can speed up hair growth and wound healing in
the HM group. It is reported that EGF reduces the formation of scars, and accelerates
vascularization and wound healing. In addition, it is reported to increase collagen levels (Xing
et al. 2013). In the present study, increased EGF levels may have raised the amount of
collagen and vascularity in the HM group, in which, scarless and early wound healing was

observed.

In the present study, MMP-8 levels statistically fluctuated in the HW group, whereas, in the
other groups, they were linear. However, MMP-8 levels were very low in the diabetic groups
(Table 1). MMP-8 is the predominant collagenase involved in healing wounds (Nwomeh et al.
1999). MMP degrades extracellular matrix helping the migration of cells, the deposition of
new matrix and the development of new tissue. MMP regulates the balance between tissue
synthesis and degradation that is required for inflammation and regeneration. Tissue inhibitors
of MMP (TIMP) strongly inhibit the effects of MMP (Martins et al. 2013; Xue et al. 2006).
TGF-B stimulates TIMP and the protease inhibitor (Diegelmann and Evans 2004). For this
reason, MK cannot affect MMP-8 levels sufficiently. Excessive degradation of the
extracellular matrix due to MMP leads to increased diabetic wounds and delays in wound
healing (Martins et al. 2013; Xue et al. 2006). MMP-8 derives from inflammatory cells that
are necessary for normal wound healing, especially in the early phase. If these cells are

insufficient, wound healing is delayed (Gutierrez-Fernandez et al. 2007).

Treatment with MK increased PDGF levels in the proliferation and remodeling phase of
wound healing in the present study (Table 1). PDGF is important in various stages of wound
healing. It is a chemoattractant, particularly of fibroblasts, collagen, neutrophils and

monocytes. It regulates contraction of wounds and formation of granulation tissue. PDGF
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levels are reported to be decreased in diabetics (Santoro and Gaudino 2005). Application of
PDGF in a wound increases re-epithelization, vascularity and the maturation rate of

granulation tissue (Cheng et al. 2007).

In the present study, the formation rate of granulation tissue, angiogenesis, fibroblasts and
collagen may have increased because MK increased PDGF levels. Therefore, this can produce
better wound healing in the HM and DM groups. However, the effect of PDGF alone may be

insufficient for wound healing in the DM group.

TGF-p levels were enhanced by MK treatment in the present study, with a significant increase
in the HM group (Table 1). TGF-f is released by platelets, macrophages and T lymphocytes.
TGF- is the main control signal that organizes fibroblast function and extracellular matrix
deposition (Diegelmann and Evans 2004). It helps with the activation of macrophages,
stimulation of angiogenesis, migration of keratinocytes, accumulation of collagen, and re-
epithelization (Rhett et al. 2008; Santoro and Gaudino 2005). In this way, TGF-B may have
raised own release from keratinocytes and macrophages (Kondo and Ishida 2010). As a result,
decreased TGF-f levels are reported to delay wound healing (Crowe et al. 2000) and levels

are insufficient in diabetics (Jude et al. 2002).

MK may enhance keratinocyte numbers because MK increases the TGF- level and so can
accelerate hair growth and wound healing. Hair growth and wound healing was slower in the
DM group compared with the HM group because the TGF-f level fluctuated, particularly in
the final stages of wound healing. Wound healing is delayed in diabetic rats because of the
abnormal inflammatory response, such as lack of neutrophils (Komesu et al. 2004). In the
present study, MK may affect inflammatory cells and the release of their growth factors
(TGF-B and EGF, among others). In addition, wound healing and hair growth showed a

greater improvement in healthy rats compared with diabetic rats.
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The quantity and exposure time of MK is reported to result in changes in collagen synthesis
and the usage of a 100 ng/mL dose in vitro has been recommended (Yamada et al. 1997). In
the present study, treatment with MK may have increased collagen and accelerated wound
healing because of a rise in TGF-§ levels. As a result, MK may be increasing the synthesis of

collagen directly and indirectly.

In the present study, VEGF levels increased in the HM group (Table 1). Angiogenesis is an
essential element in normal wound healing. VEGF promotes blood vessel regeneration during
repair (Diegelmann and Evans 2004). Keratinocytes and macrophages are the source for
angiogenic factors (Rossiter et al. 2004). Because MK may have induced these cells,

angiogenesis and rapid wound healing may have occurred.

The amount of VEGF was lower in the diabetic groups in the present study (Table 1). It is
well known that collagen, granulation tissue and new vessels are insufficient in diabetics,
mainly due to the lower levels of angiogenic factors (VEGF and angiopoietin 2, among
others) and inflammatory cells compared with healthy subjects (Blakytny and Jude 2006;
Sharma et al. 2006). Topical VEGF application to diabetic mice contributes to blood vessel
formation in the local wound environment and accelerates repair (Galiano et al. 2004). MK
plays a critical role on inflammatory cells (polymorphonuclear neutrophils and macrophages,
among others) during acute inflammation (Weckbach et al. 2014). MK may have induced
angiogenic factors in the early phase of wound healing in healthy rats, but it had no similar
effect in the diabetic rats because of an insufficiency of angiogenic and inflammatory cells. It
can provide growth factors synthesis such as VEGF so for this reason may have induced
angiogenic factors and epithelization in the HM group but not in other groups. Therefore, MK

can accelerate angiogenesis and wound healing in healthy groups.
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In the current research, the TBARS level was very high in the diabetic groups at 0 hour (Table
1). Polyunsaturated fatty acid peroxidation causes oxidative stress and damage to cells
affected by certain diseases such as diabetes (Del Rio et al. 2005). Excessive oxidative stress
disrupts the effects of fibroblasts and the response of fibroblasts to growth factors (Soneja et
al. 2005). For this reason, the effects of fibroblasts and cells involved in wound healing are
damaged in the diabetics groups. After the wound had been created, the TBARS levels were
similar between the healthy and diabetic groups, because the test materials (skin samples)
were developing new granulation tissue. The main molecule on assays of TBARS is MDA
(Del Rio et al. 2005), which is high and leads to incomplete wound healing in diabetics
compared to healthy subjects. Hyperglycemia causes apoptosis (Arya et al. 2011). Wound
healing in diabetic groups with very high levels of TBARS may be delayed because of

excessive apoptosis.

MK is reported to be a potent stimulator of glycosaminoglycan and collagen synthesis and it
is suggested to be helpful in the treatment of delayed wound healing (Yamada et al. 1997). In
one trial, an ischemic wound was found to delay healing and wound healing accelerated after
day 7 because of a reduction in ischemia (Chen et al. 1999). Hence, MK can affect collagen
synthesis and angiogenesis in the inflammatory phase because of its influence on
inflammatory cells that release growth factors (VEGF, TGF-, etc.), and can be protective
against hypoxia. This mechanism explains the increase in angiogenesis and oxygenation
because MK improves the expression of VEGF, TGF-f and insulin-like growth factor-1
(Zhao et al. 2014). MK may improve angiogenesis and wound healing because it increases
levels of VEGF and TGF-B in the HM group. In addition, it partly supplied these growth
factors and improved wound healing in the DM group; however, it was not as good as in the

healthy rats. Wound healing is delayed because of lack of neutrophils, macrophages, pro-
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inflammatory mediators and excessive apoptosis in the early phase, after which inflammation

continues uncontrolled (Koh and DiPietro 2011).

Inflammatory or immune cells in nonhealing diabetic wounds cause impairments in the
expression of growth factors, extracellular matrix formation, angiogenesis and re-
epithelialization (Ochoa et al. 2007). MK may possibly control inflammation in the early
phase of wound healing. Delayed wound healing in diabetes is a very complex situation, with
uncontrolled inflammation and late angiogenesis, and other reasons. MK is known to increase
synthesis of extracellular matrix molecules and it can be of use in burns and skin damage. It

has greater effects in the early phase compared with the late phase in vitro (Sumi et al. 2000).

As a result, MK can show different effects in different stages. MK interacts with specific
integrin molecules (Muramatsu et al. 2004), which ensure contact in the cell and movement of
cells. Integrin molecules have a and B subtype. On migration of cells, endothelial cells have a
high affinity to these subtypes (Falanga 2005). MK binds to integrin subtypes and activates
adapter protein of paxillin in the cell, allowing the tyrosine phosphorylation of the protein.
Phosphorylated paxillin increases the stimulation of growth factors (Muramatsu et al. 2004).
In addition, it promotes cell motility, transformation and maturation. Macrophages,
lymphocytes and smooth muscle cells have abundant paxillin (Turner 1998). To our best
knowledge, there was no any research about MK relationship wound healing in diabetic and
healthy subjects; hence effects of MK on the EGF, VEGF, MMP-8, TGF-B, PDGF and
TBARS have not been evaluated, which are very important factors in the wound healing.
Beneficial effects of MK on the wound healing may be derived from effecting of MK on cell
migration and the release of growth factors by activating intracellular proteins such as
paxillin. However, MK cannot affect the deficiency or disorder of the inflammatory cells in
diabetics, meaning that wound healing is more regular and rapid in the HM group than in the

DM group.
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Conclusions and Suggestions

Wound healing depends on many factors (levels of growth factors and cytokines) and
different cells (keratinocytes and endothelial cells, etc) and is different in diabetic subjects
from healthy subjects. MK may show different effects in healthy and diabetic subjects
because of its effects on the inflammatory cells that are present at low levels in diabetics. MK
may affect many growth factors, cytokines and some other factors in cells. It may affect
angiogenesis, formation of new matrix and accelerate the development of new epidermis. MK
may increase hair growth and wound healing. In addition, its effect may be more powerful in

the early stages of wound healing.

MK may be more effective in wound healing among healthy subjects than diabetics, but it
could possibly be utilized with different drugs that are effective in diabetics, although its
effects may change depending on time and affected cells. In the future, the effects of MK on
wound healing should be researched in more detail and it may provide a new treatment
strategy for wound healing. Further investigations or clinical studies are needed to determine

the specific cellular target or other effects of MK.
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Figure Legends

Table 1. Growth factors and TBARS levels in the wound areas of healthy and diabetic rats on sacrificed times
(mean + SE).
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Table 1. Growth factors and TBARS levels in the wound areas of healthy and diabetic rats on sacrificed times (mean =+ SE).

Parameters Groups Hour 0 Day 3 Day 7 Day 14 Day 28
Healthy (control) (HW) 1.72+0.40™* 1.63+£0.134° 1.99+0.23%* 2.48+0.66™° 2.5+0.224°
EGF Healthy + Midkine (HM) 1.72+0.40%* 2.57+0.295* 2.83+0.315° 3.67+0.29%%* 4.19+0.55%°
(ng/100 mg tissue) Diabetic (control) (DW) 1.88+0.28"* 2.60+0.25%* 2.79+0.28"* 2.01£0.29** 2.69+0.22"%°
Diabetic + Midkine (DM) 1.88+0.28"* 2.19+0.434® 2.54+0.43%° 2.77+0.98** 2.4+0.43%°
Healthy (control) (HW) 70.20+53.00%* 314.9+78.97™° 92.23+43.56"° 59.59+40.68%* 25.39+12.35%°
MMP-8 Healthy + Midkine (HM) 70.20+53.00*° 67.72426.73*° 8.65+1.33*° 59.60+51.81%° 22.89+14.04"°
(ng/100 mg tissue) Diabetic (control) (DW) 29.90+19.32"* 3.67+1.70*° 19.97+14.44"" 3.48+3.33% 3.17+1.36*°
Diabetic + Midkine (DM) 29.90+19.32%* 6.85+2.77°" 1.22+0.465° 0.91+0.16"* 0.66:£0.48%*
Healthy (control) (HW) 1.72+0.62%° 15.82+2.06*%° 17.98+3.68"* 7.92+4.27°%¢¢ 6.08+1.13%*
PDGF Healthy + Midkine (HM) 1.72+0.62* 15.1£1.875° 18.74+2.36"* 26.02+2.73% 14.24+2.80%*
(ng/100 mg tissue) Diabetic (control) (DW) 1.810.93¢* 25.29+1.52%* 18.07+2.02"* 14.40+1.98%" 16.12+3.38"*
Diabetic + Midkine (DM) 1.81+0.93%* 16.37+1.07°B* 17.95+2.234B2 24.14+4 46 11.50+5.655
Healthy (control) (HW) 8.45+2.85™° 5.30+0.69™° 8.45+0.78"* 6.49+1.85*° 9.93+1.61*°
TGF-p Healthy + Midkine (HM) 8.45+2.85"* 6.58+1.32%° 10.24+2 .424P* 13.00+2.214%* 14.24+2 80
(pg/100 mg tissue) Diabetic (control) (DW) 7.49+0.56"° 11.73£1.19** 7.68+1.46° 7.55+1.63% 8.82+0.92"%°
Diabetic + Midkine (DM) 7.4940.56"B 6.06+0.56"" 9.28+1.45"B2 10.29+1.16%® 8.98+1.78"B*°
Healthy (control) (HW) 206.63+56.08™* 473.55+92.31*° 225.84+50.41*° 405.45+244.36™° 185.97+63.98**
VEGF Healthy + Midkine (HM) 206.63+56.08* 323.13+154.655® 793.45+109.94"52 922.79+193.16"* 454.83+123.195%*
(pg/100 mg tissue) Diabetic (control) (DW) 166.82+65.20"* 193.75+100.734 206.79+84.85° 47.34+10.04"° 310.91£153.14%*
Diabetic + Midkine (DM) 166.82+65.205¢ 89.70+42.115° 83.11+24.90°° 435.26+141.58*® 130.68+29.485¢
Healthy (control) (HW) 1.99+0.46"° 0.88+0.12"* 0.82+0.10°* 1.06+0.36%° 1.04+0.17°°
TBARS Healthy + Midkine (HM) 1.99+0.46"° 2.16+0.97** 1.79+0.85"* 2.25+1.10% 0.73+0.03*°
(uM/25 mg tissue) Diabetic (control) (DW) 25.45+8.72%° 0.97+0.16"* 1.11£0.16* 1.40+0.60°* 1.49+0.19°*
Diabetic + Midkine (DM) 25.45+8.72* 2.32+1.45%° 0.91+0.8%* 0.79+0.05"* 0.84+0.13%°

Different letters in the same column (**€), and line (**) are statistically significant (P<0,05).
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