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BACKGROUND/OBJECTIVES: The number of diabetic patients has recently shown a rapid increase, and delayed wound healing
is @ major clinical complication in diabetes. In this study, the wound healing effect of Hominis placenta (HP) treatment was
investigated in normal and streptozotocin-induced diabetic mice.

MATERIALS/METHODS: Four full thickness wounds were created using a 4 mm biopsy punch on the dorsum. HP was injected
subcutaneously at the middle region of the upper and lower wounds. Wounds were digitally photographed and wound size
was measured every other day until the 14th day. Wound closure rate was analyzed using CANVAS 7SE software. Wound
tissues were collected on days 2, 6, and 14 after wounding for H/E, immunohistochemistry for FGF2, and Masson's trichrome
staining for collagen study.

RESULTS: Significantly faster wound closure rates were observed in the HP treated group than in normal and diabetes control
mice on days 6 and 8. Treatment with HP resulted in reduced localization of inflammatory cells in wounded skin at day 6
in normal mice and at day 14 in diabetic mice (P < 0.01). Expression of fibroblast growth factor (FGF) 2 showed a significant
increase in the HP treated group on day 14 in both normal (P < 0.01) and diabetic mice (P < 0.05). In addition, HP treated
groups showed a thicker collagen layer than no treatment groups, which was remarkable on the last day, day 14, in both
normal and diabetic mice.

CONCLUSIONS: Taken together, HP treatment has a beneficial effect on acceleration of cutaneous wound healing via regulation

of the entire wound healing process, including inflammation, proliferation, and remodeling.
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INTRODUCTION

Diabetes, a complex metabolic disorder, is becoming a major
health concern [1]. Among diabetic complications, impaired
wound healing, which often results in infection, chronic
ulceration, and possible amputation of extremities can give rise
to major clinical problems [2,3]. Despite a large number of
studies for development of effective treatments for wound
repair in diabetes, a new treatment for wound healing remains
to be determined [2].

The physiology of wound healing is a complex and sequential
process, which can be broadly categorized according to three
interrelated phases; inflammation, proliferation, and regenera-
tion [4-7]. Diabetes-induced impairment of wound healing is
characterized by inhibition of the inflammatory response,

angiogenesis, fibroplasia, and defects in collagen deposition. In
normal inflammation phase, necrotic tissues are removed in
order to create a platform for growth of healthy tissue. Therefore,
the initial inflammatory response after injury is important for
rapid wound healing. In a pathological condition, such as that
of diabetics, slow removal of necrotic tissue delays the onset
of healing and results in chronic inflammation [8,9]. Angio-
genesis, the formation of new vessels from preexisting ones,
is essential to successful wound healing. Newly formed blood
vessels play pivotal roles in formation of provisional granulation
tissue and supply of nutrition and oxygen to growing new
tissues [10]. Cooperative expression of angiogenic growth
factors, including vascular endothelial growth factor (VEGF),
transforming growth factor beta (TGF-{), fibroblast growth
factor (FGF), and angiopoietins is important in wound angio-
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genesis [10]. FGF-2, called bFGF, is a strong mitogenic factor
of endothelial cells [11] and promotes endothelial cell proli-
feration and differentiation [12]. During this last phase, synthesis
of structural proteins, such as collagen, is important for tissue
regeneration and remodeling. Increasing collagen deposition
improves tensile strength of skin wounds, and has an important
role in interference with scar formation.

Hominis placenta (HP) is a dried placenta isolated from healthy
pregnant women after delivery [13,14]. HP is a rich source of
various bioactive substances, including peptides, nucleic acids,
fatty acids, amino acids, enzymes, minerals, and trace elements
[14,15]. It is known to have various pharmacological effects,
such as anti-oxidation, anti-inflammation, and regeneration,
especially acceleration of wound healing [16-18]. Therefore, we
supposed that HP extract is effective in all phases of the
physiology of wound healing.

In this study, the wound healing effect of Hominis placenta
(HP) treatment was investigated in normal and streptozotocin-
induced diabetic mice.

MATERIALS AND METHODS

Animals

Male C57BL/6 mice, 6-7 weeks of age, weighing 20-25 g
(Samtaco, Seoul, Korea), were used in all experiments. They were
maintained on a 12 h/12 h light/dark schedule with free access
to food and water. All experiments were approved by the Kyung
Hee University Animal Care Committee for animal welfare
[KHUASP(SE)-11-016] and were performed according to the
guidelines of the NIH and the Korean Academy of Medical Sciences.

Diabetic mouse model and experimental groups

Diabetic mice were established by intraperitoneal injection
of 50 mg/kg STZ (Sigma-Aldrich, Gyunggi-do, Korea) dissolved
in 0.01 M sodium citrate buffer after 8 hour starvation for five
consecutive days. Normal mice received equal volumes of
sodium citrate buffer. Blood glucose levels in diabetic mice were
measured under fasted conditions by tail vein sampling on the
first day, the last day, and three days after the last day (eighth
day) of STZ injection. Mice with blood glucose levels higher
than 200 mg/ml on the eighth day were included in the diabetic
experiment. Normal mice underwent equal procedures, except
STZ injection.

Mice were divided into four groups: 1) wounded and untreated
normal mice (N/W, n=17), 2) wounded and HP treated normal
mice (N/W+P, n =20), 3) wounded and untreated diabetic mice
(DB/W, n=17), and 4) wounded and HP treated diabetic mice
(DB/W+P, n=15).

Full thickness wound preparation and pharmacopuncture treatment

Before wound preparation, hair on the dorsal skin of mice
was shaved. After mice were slightly anesthetized with ethyl
ether, four full-thickness wounds were made using a disposable
sterile 4 mm biopsy punch (Kai industries, Seki city, Japan). A
10 ml ampule extracted from human placenta (Korean Pharma-
copuncture Institute, Seoul, Korea) was used for HP injection.
Mice received subcutaneous injection of 0.02 ml of HP at the
middle region of the upper and lower wound every other day

for 14 days. An equal volume of saline (0.02 ml) was injected
into the control mice as a control for HP injection.

Measurement of wound closure rate

For measurement of wound size, four wounds were measured
for each mouse. The wound areas were measured every other
day from the day of wounding (dO) until 14 days after wounding
(d14). Wounds were digitally photographed and wound closure
was quantified using CANVAS 7SE software (Deneba System Inc,
Miami, Florida, USA). The rate of wound closure was expressed
as the ratio of wound area compared to the area of d0.

Sample harvesting

On the day of wounding (d0) and days 2, 6, and 14 after
wounding, mice were sacrificed and the skins were harvested
each time. Then, tissue samples around wounds were harvested
and immediately placed in 3% formalin solution for fixation.
A few days later, the samples were embedded in paraffin and
cut into 4 ym slices and placed on microscope slides, and then
used for histological staining.

Histological analysis

Before the histological procedure, the slides were incubated
in xylene and then hydrated in 100% ethanol and 95% ethanol
for removal of paraffin. Slides were stained with Harris hema-
toxylin and eosin for inflammatory cells, and Masson Trichrome
for collagen fiber.

For immunohistochemical staining of FGF2, the slides were
incubated in 3% hydrogen peroxide for 10 minutes, washed
in wash buffer (TBS-T, Tris Buffered Saline containing 0.1%
Tween-20), and incubated in blocking solution (TBS-T with 5%
normal goat serum) for 1 hour. Then, the rabbit polyclonal FGF2
antibody (Santa Cruz, CA, USA) was diluted in blocking solution
and added to each section. These solutions were incubated
overnight at 4°C. The sections were then rinsed with wash buffer
and incubated with biotinylated anti-rabbit 1gG (Vector
Laboratories Inc., Burlingame, CA, USA) for 1 hour. Slides were
incubated with ABC reagent (Vector Laboratories Inc., Burlin-
game, CA, USA) and incubated in 0.02% diaminobenzidine and
0.003% hydrogen peroxide in 1M Tris-buffered saline (pH 7.5).
As soon as the sections were developed, the slides were
immersed in distilled water. The sections were counterstained
with hematoxylin. After staining, slides were dehydrated in 95%
and 100% ethanol, incubated in xylene, and mounted. Pictures
of the skin layers were taken using a bright-field microscope
(BX51; Olympus, Tokyo, Japan).

Statistical analysis

All data were expressed as the mean + standard deviation
(SD). Statistical analysis was performed using a student t-test
and two way ANOVA followed by Bonferroni post-test analysis
using Prism ver.5 (GraphPad Software, Inc.,, California, USA).
Differences were considered statistically significant at P < 0.05.

RESULTS

Wound closure rate
Delayed wound healing process was observed in diabetic
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Fig. 1. Effects of Hominis placenta treatment on wound closure in normal and
diabetic mice. Values with different superscripts are significantly different by 2-way
ANOVA followed by least significant difference test (* <005, ** £<0.001), *
means statistical difference vs. group W, Values are expressed as mean + SD. (A)
N/W: untreated group after wounding, N/W+P: Hominis placenta treated group after
wounding. (B) DB/W: untreated diabetes group after wounding, DB/W+P: Horminis
placenta treated diabetes group after wounding,

mice compared to normal mice from day 6 (P<0.05 on day
6, P<0.01 on day 8, P<0.05 on day 10, P<0.001 on day 12,
P <0.05 on day 14). Treatment with HP resulted in a more rapid
reduction in wound areas in both normal and diabetic mice,
and significant changes were observed on days 6 and 8 in both
normal (P <0.001 on day 6 and P <0.05 on day 8) (Fig. 1A)
and diabetic mice (P <0.001 on day 6 and P < 0.05 on day 8)
(Fig. 1B). In addition, wounds remained until the 14th day in
normal and diabetic control mice, whereas mice in HP treated
groups recovered from their wounds.

Localization of Inflammatory cells in wounded area

HE staining was performed for analysis of localization of
inflammatory cells. The numbers of neutrophils and macro-
phages were counted after staining. In normal mice, the number
of inflammatory cells were increased until day 6, and then
showed a rapid decrease.

Treatment with HP resulted in a significant reduction in the
number of inflammatory cells on day 6 in normal mice (P<
0.01) (Fig. 2A, Q). In diabetic mice, the number of inflammatory
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Fig. 2. Changes of inflammatory cells in normal and diabetic mice. Values with
different superscripts are significantly different by 2-way ANOVA followed by least
significant difference test (* £<0.05, ** £<0.01). *means statistical difference vs,
group W, Values are expressed as mean + SD. (A, C) N/W: untreated group after
wounding, N/W+P: Hominis placenta treated group after wounding, (B, D) DB/W:
untreated diabetes group after wounding, DB/W+P: Hominis placenta treated
diabetes group after wounding.

cells showed a sharp increase on day 6, and then decreased.
Treatment with HP also resulted in a significant reduction in
the number of inflammatory cells on day 14 in diabetic mice
(P <0.05) (Fig. 2B, D).

FGF2 expression

Wound tissues were stained immunohistologically for FGF2,
and the expression level of FGF2 at the granulation tissue was
analyzed. The number of FGF2 positive cells increased until day
6 in normal and diabetic control mice, and then decreased.
However, HP treated mice exhibited higher numbers of FGF2
positive cells in both normal and diabetic mice on day 14 (P
<0.01 in normal mice and P < 0.05 in diabetic mice) (Fig. 3).

HP treatment induced collagen changes

Masson's trichrome staining was performed for analysis of
collagen deposition at the granulation tissue and dermis. The
blue color indicated the amount of collagen fibers, the red color
indicated keratin and muscle fibers, the light red color indicated
cytoplasm, and the black color indicated cell nuclei. We found
that the collagen layer of diabetic mice was thinner than that
of normal mice throughout the entire experiment. HP treatment
induced a thicker collagen layer than control in both the normal
and diabetic groups, and the collagen layer was markedly
increased on day 14 (Fig. 4).
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Fig. 3. Changes of FGF2 expression in normal and diabetic mice. Values with
different superscripts are significantly different by 2-way ANOVA followed by least
significant difference test (* £<0.05, ** £<0.01). *means statistical difference vs,
group W, Values are expressed as mean + SD, (A, C) N/W: untreated group after
wounding, N/W+P: Hominis placenta treated group after wounding. (B, D) DB/W:
untreated diabetes group after wounding, DB/W+P: Hominis placenta treated
diabetes group after wounding.
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Fig. 4. Changes of collagen at the granulation tissue and dermis in normal and
diabetic mice. (A) N/W: untreated group after wounding, N/W+P: Hominis placenta
treated group after wounding. (B) DB/W: untreated diabetes group after wounding,
DB/W+P: Homiris placenta treated diabetes group after wounding, Red: keratin and
muscle fibers, blue: collagen and bone, light red: cytoplasm, black: cell nuclei,
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Table 1. Body weight and blood glucose level of diabetic mice

Group Body weight (g) Blood glucose level (mg/ml)
DB/W 22.1+0.25 416 £27.9
DB/W+P 222+0.27 4948 +17.4

Body weight and blood glucose level of diabetic mice on day 14, No significant
difference was observed between groups, DB/W: untreated diabetes group after
wounding, DB/W+P: Hominis placenta treated diabetes group after wounding.,

Blood glucose levels and body weight

To verify physiological conditions of diabetic mice, we
measured body weight (g) and blood glucose level (mg/ml)
under non-fasted conditions on day 14. The average body
weight and blood glucose level of each group is shown in Table
1. No significant difference was observed between groups.

DISCUSSION

The main objective of this study was to investigate the
therapeutic effect of HP treatment on cutaneous wound healing
in normal and diabetic mice. Our findings indicated that HP
treatment remarkably promoted the wound closure rate in
normal and diabetic mice and increased FGF2 expression and
collagen synthesis. In addition, HP treatment resulted in signifi-
cantly reduced delayed localization of inflammatory cells.

HP consists of various bioactive molecules, such as hepato-
cyte growth factor (HGF), nerve growth factor (NGF), interferon,
interleukins, colony-stimulating factor (CSF), globulin, albumin,
and prostaglandin. HP is usually administrated orally or by
intradermal injection. In East Asian medicine, a developed
injection technique for injection of refined herbal extract into
a specific point, such as an acupuncture point is commonly used
in order to produce a synergistic effect of acupuncture and
herbs [19]. HP has been used for improvement of physiological
function in various diseases [13,14,16,18] and various pharma-
cological effects of HP have been reported, such as reducing
pain, regulation of inflammatory cytokines, promoting regene-
ration after injury, and anti-oxidative effect [14,20-22]. HP is also
effective in wound repair [16,18,23], however, therapeutic effect
of HP in diabetes and the underlying mechanism of HP treatment
has not been clearly defined. This study demonstrated the effect
of HP on cutaneous wound healing in diabetes for the first time.

Impaired wound healing, a major clinical complication of
diabetes [3,24], is caused by peripheral neuropathy, ischemic
arterial disease, infection, repeated mechanical stress, and
autonomic deficit [25,26]. Biologically, delayed wound healing
in diabetes is a very complicated process involved in infiltration
of inflammatory cells, production of growth factors, formation
of blood vessels, proliferation of new tissues, and composition
of extracellular matrix [23,27,28].

In inflammation phase, wounded tissue secretes growth
factors and cytokines for initiation of the wound healing process.
Neutrophils phagocytize foreign bodies and bacteria and
gradually replace monocytes with macrophages. Macrophage
phagocytize microorganisms, fibrin, neutrophils, and fragments
of the extracellular matrix (ECM) and secrete biomolecules for
effective wound repair [29]. These released molecules proceed
to the next phase of the wound in order to provide the basis
for formation of the extracellular matrix [26]. In our result,
inflammatory cells of normal mice were increased from day 2
and maximized on day 6, and then decreased on day 14. In
normal condition, it is a physiological wound healing process.
However, in diabetic mice, inflammatory cells did not increase
on day 2 and showed a rapid increase on day 6. In addition,
inflammation was prolonged until day 14. These results reflect
the delayed wound repair in diabetes. The HP treatment group
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showed a significant decrease in the number of inflammatory
cells on day 6 in normal and day 14 in diabetic mice. The
number of inflammatory cells of the HP treated group in diabetes
on day 14 was the same as that of normal condition. Therefore,
HP treatment accelerates the inflammatory process and transition
to the next phase of the wound healing process.

The proliferation phase is characterized by tissue granulation,
production of ECM, and formation of new blood vessels
(angiogenesis). The angiogenic process is a major part of the
proliferation phase and involves variable growth factors such
as platelet-derived growth factor (PDGF), FGF2, TGF-(3, VEGF,
NGF, EGF, and angiotensin [26,30-34]. These growth factors
stimulate proliferation of fibroblasts, angiogenesis, and collagen
synthesis for repair of wounded tissue [30]. FGF2, one of the
most important growth factors associated with angiogenesis,
accelerates angiogenesis by synergic effect with VEGF and TGF-
B [35]. FGF2 is mainly produced by keratinocytes and stimulates
fibroblast migration, formation of new blood vessels, and
production of ECM [30]. In our result, FGF2 expression was
increased until day 6 and then decreased in the wounded group
of normal and diabetic mice. However, HP treatment prolonged
the expression of FGF2, meaning that HP treatment has an
effect in increasing fibroblast production resulting in formation
of new tissues.

The regeneration phase, involving extensive tissue remode-
ling, was replaced with proteoglycan and collagen molecules,
which organized into thicker bundles, resulting in stronger
tissue [26]. Collagen fiber synthesis is one of the most important
events in wound healing. In diabetes, collagen fiber synthesis
was impaired and it was accompanied by an increased apoptosis
of fibroblasts [36,37]. In our study, the wounded lesions of the
HP treated group showed increased collagen synthesis compared
with the control group in normal and diabetic mice, and
collagen synthesis showed a noticeable increase on the last day,
day 14. Therefore, HP treatment is effective in increasing collagen
synthesis, suggesting that HP treatment accelerates regene-
ration of tissues and might also be helpful for other diseases
involving delayed wound lesion.

In our study, HP treatment showed effectiveness in acceleration
of the wound healing process, however, several limitations
remain. HP treatment had no effect on the blood glucose level,
suggesting that intradermal HP treatment to the local area
around the wound works only locally, not systemically. It could
differ by the location of HP treatment; therefore, conduct of
further studies will be needed in order to determine the diffe-
rence between local effect and systemic effect of HP treatment.

In summary, our data indicate that HP represents a promising
treatment for repair of normal and diabetic wounds. HP improved
the entire wound healing process through anti-inflammation,
FGF2 activation, and collagen deposition. Further investigations
are required in order to elucidate the exact molecular mecha-
nism of HP treatment during the process of wound healing in
healthy and diabetic subjects.
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