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The Effect of Human Placenta Extract in a Wound Healing Model
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Abstract: Human placenta had been used on wound healing such as burns,
chronic ulcers, and skin defects. Recently, human placenta has been widely
used in the form of human placental extracts (HPE) by clinical field.
However, it is unclear what the effect of HPE is on wound healing. We
studied the effect and mechanism of HPE on wound healing.

In this study, 10 mice (imprinting control region mice, 5 week old males,
30 g) were divided into an experimental group and a control group. An 8-mm
diameter single full-thickness skin defect was made on the back by skin
punch biopsy. At least 2.0 � 10�3 mL/30 g HPE was injected into the
boundaries of the wound. Wound size measurements were taken by digital
image every 3 days over 2 weeks. Hematoxylin and eosin (H and E),
transforming growth factor beta (TGF-�), vascular endothelial growth factor
(VEGF), and CD31� immunohistochemical stains were performed on the
6th and 14th day.

The experimental group showed acceleration in the decrease of wound
size compared with the control group from the third day to the ninth day.
TGF-� on the 6th day showed a statistically significant increase in the
experimental group. VEGF on the 14th day showed a statistically significant
increase in the experimental group. CD31� was increased in the experimen-
tal group as wound healing progressed, but this increase was not statistically
significant. The total number of vessels increased in the experimental group,
but this was not statistically significant.

We conclude that administering HPE directly to a wound margin pro-
moted wound healing. This mechanism appears to be related to an increase
in TGF-� in the early phase of wound healing and VEGF in the late phase.
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The use of human placenta on wounds such as burns,1 versatile
wounds,2 ulcers,3,4 restoration of the cornea,5 and prevention of

intestinal adhesion6 has been reported. The use of human placenta
for wound management accelerated wound healing,7 and prevented
fibrosis and acceleration of epithelization.3 Also, due to its bacteri-
ostatic effects on bacteria,1,5 it has been used effectively in biologic
dressing materials for large defect areas that skin grafts are incapa-
ble of covering.8 A placental-derived tissue matrix has also been
used in the treatment of abdominal fistulas.9 Thus, human placenta
is thought to prevent adhesions, protect wounds, alleviate pain, and
accelerate epithelization,5 and human placental extract (HPE) has
been applied clinically for 30 years.10–13 Kaushal et al reported
studies on 120 patients with oral mucositis after radiation therapy on
squamous cell carcinoma.14 These 120 patients were divided into 2
groups as follows: an HPE injected group and a contrast group. The

HPE-injected group revealed improvements in not only oral mucosi-
tis, but also dysphagia, pain, and nutritional status. Tiwary et al
reported the effects of application of an HPE gel and cream on
chronic, nonhealing wounds.15 Shukla et al investigated the effec-
tiveness of HPE on wound healing, and reported an accelerated
decrease in wound surface area and neovascular progression upon
histologic examination in the HPE injected group with chronic
wounds.16

However, the mechanism by which HPE enhances wound
healing has not been clarified. Therefore, we used standardized
restriction in an animal wound model and investigated wound
healing in an HPE-injected group to investigate the biochemical
mechanism(s) underlying HPE-induced wound healing.

MATERIALS AND METHODS

Experimental Animals and Creation of a Wound
In this study, 10 imprinting control region mice supplied by

the Central Laboratory Animal Institute (5 weeks GA males, 30 g)
were used. All animals included in the experiment were bred in the
animal laboratory of Yonsei University College of Medicine, and
this study was approved by the Institutional Animal Care and Use
Committee, Seoul, Korea, under the rules and regulations governing
animal experiments. Laboratory animals were randomly divided into
2 groups and each 5 animals were used in the experimental group
and control group.

Anesthesia was performed with inhalant isoflurane (Forane,
Choongwae PharmaceuticalCo., Korea) and xylazine (0.0015 mL/
100 g) peritoneal anesthesia after removal of the dorsal scalp area.
Punch biopsy with an 8-mm diameter for histologic examination
was used for forming the full thickness skin graft. A 2-mL ampule
(Melsmon Pharmaceutical, Japan) was used for HPE injection.
Generally for clinical use, 1 to 2 ample can be used at once. In this
study, the proper amount for 30-g imprinting control region mouse
was calculated with reference to 2 ample for 60 kg human. For easy
injection, a 0.2-mL injection around the wound area was prepared by
diluting a single 2-mL ampule with 200 mL 0.9% saline solution.
Melsmon (2.0 � 10�3 mL) was included in the HPE diluted
solution. This was injected at 8 points along the boundary of the
wound. In the control group, 0.2 mL of 0.9% saline solution was
injected at 8 points. The formed skin defect was maintained for 24
hours with Tegaderm (3M Health Care, St. Paul) to prevent dehy-
dration.

Wound Size Evaluation
To evaluate changes in wound size, digital photographs were

taken for 2 weeks every 3 days starting from the first experimental
day. To minimize the error from the position of the camera, the
camera was fixed at a certain distance using a stand. Pictures were
taken with the indicator for image analysis. The digitally-imaged
wound was refigured using the Image J program (NIH, Washington)
so as to calculate the open area of the wound.
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HE Staining and Immunohistological Staining of
TGF-�, Vascular Endothelial Growth Factor, and
CD31�

On days 6 and 14 of wound healing, wound tissue was
harvested and immunohistologic staining with antitransforming
growth factor beta (anti-TGF-�; MAB1032, Chemicon International
Inc., Temecula, CA), rabbit antivascular endothelial growth factor
(VEGF; RB-222-P; Laboratory Vision, Fremont, CA), or antimouse
platelet endothelial cell adhesion molecule-1 (PECAM/CD31) poly-
clonal antibody (M20; Santa Cruz Biotechnology, Santa Cruz, CA)
was done. Using computer-assisted planimetry (Metamorph, Meta-
morph Ltd., Limerick, Ireland), the integrated optical density of each
stained antibody on the digital image was calculated. Hematoxylin
and eosin staining was also performed at these time points to
investigate histologic features.

Calculation of the Amount of Neovascularization
During the analysis process, previously CD31 immunostained

wounds from days 6 and 14 were randomly acquired for calculation,
and the comparative analysis of the number of vessels at each high
power field (�400) was performed.

Statistical Analysis
All test results are given as the average � SD. The signifi-

cance of differences between groups was evaluated using T tests and

Mann-Whitney U tests. Statistical significance was set at P � 0.05.
Statistical analyses were conducted using SPSS 13.0 (SPSS Inc.,
Chicago, USA).

RESULTS

Change in Wound Size
Application of HPE resulted in an accelerated decrease in

wound size in the experimental group compared with the control
group. On day 3 and 9, in particular, a statistically significant
decrease in wound size was noted compared with the control group
(Fig. 1). The time taken for the wound size to decrease to 50% of its
original size was 3.04 days in the experimental group compared with
4.49 days for the control group. However, both groups showed
similar-sized wounds on day 14.

Expression of TGF-�
On days 6 and 14, the tissues from the experimental and

control groups were stained immunohistologically and integrated
optical density was analyzed using computer-assisted planimetry
(Metamorph, Metamorph Ltd., Limerick, Ireland). On day 6, the
experimental group had a TGF-� staining value of 49,823 � 8596
compared with 40,203 � 4404 in the control group; on day 14, the
experimental group had a value for TGF-� staining of 40,373 �
9564 compared with 33,556 � 7757 in the control group. Based on
the immunohistological staining results, TGF-� levels were higher
on day 6 than day 14 in both the experimental and control groups
(Fig. 2). Notably, on day 6, levels of TGF-� were higher in the
experimental group than in the control group (P � 0.05).

Expression of VEGF
On days 6 and 14, the tissues from the experimental and

control group were stained immunohistologically for VEGF, and
analysis of integrated optical density was done with computer-
assisted planimetry (Metamorph, Metamorph Ltd., Limerick, Ire-
land). For day 6, the value for VEGF staining was 53,706 � 8692
in the experimental group and 43,670 � 4403 in the control group;
on day 14, the experimental group had a VEGF value of 60,173 �
9021 and the control group had a VEGF value of 44,557 � 4216. As
wound healing progressed, VEGF expression increased in the ex-
perimental group compared with the control group (Fig. 3).

Expression of CD31� Vascular Endothelial Cell
In the experimental and control group tissues, CD31� im-

munohistologic staining was performed to analyze the amount of
expression. On day 6, the experimental group showed a CD31�

FIGURE 1. Graph of the change in wound size. The initial
size of the wounds in the HPE-injected experimental and
control groups is set to 100%, and the relative change in
size is shown (* indicates P � 0.05).

FIGURE 2. Analysis of TGF-� expression. Computer-assisted
planimetry (Metamorph, Metamorph Ltd., Limerick, Ireland)
was used for calculations. A significant increase in the experi-
mental group compared with the control group was noted
on day 6 (* indicates P � 0.05).

FIGURE 3. Analysis of VEGF expression. Computer-assisted
planimetry (Metamorph, Metamorph Ltd., Limerick, Ireland)
was used for calculations. A significant increase in the level
of VEGF in the experimental group compared with the con-
trol group was noted on day 14 (* indicates P � 0.05).
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staining value of 17,787 � 946 compared with the control group
value of 18,268 � 1916; on day 14, the experimental group showed
a CD31� staining value of 35,444 � 10,544, while the control

group showed a value of 32,888 � 8579. As wound healing
progressed, an increase in CD31 staining was noted in endothelial
cells. However, no significant differences were noted between the
experimental group and the control group (Fig. 4).

Number of Newly Formed Vessels
In the experimental and control group tissues, CD31� im-

munohistologic staining was performed to analyze if the degree of
vascularization increased with wound healing. Comparative analysis
was performed by counting the neovascularized vessels with a
high-power field (�400). Both experimental and control groups
showed an increase in vascularization as the wound healing pro-
gressed, and there was no significant differences in vascularization
between the 2 groups (Fig. 5).

Changes in Histologic Features
On day 6, hematoxylin and eosin staining revealed an in-

crease in the number of inflammatory cells in the experimental
group compared with the control group. These cells were concen-
trated between the wound and the normal tissue. However, a similar
amount of inflammatory cells was noted in the control group. On the
14th day, complete healing was noted in both groups (Fig. 6).

DISCUSSION
The placenta has long been used to treat various diseases in

folk and traditional medicine. Besides its therapeutic applications, it
has also been clinically applied as an anesthetic in many fields,
including internal medicine, general surgery, ENT, ophthalmology,
orthopedic surgery, plastic surgery, dermatology, obstetrics, and
gynecology.14

In addition, several studies have evaluated the effect of HPE
on wound healing and a considerable amount of data suggests that
HPE promotes wound healing.13,14,16 According to O’Keefe et al,
keratinocytes culture far better when mixed with HPE than with
insulin or EGF. In HPE cultures with keratinocytes, promotion of
keratinocyte proliferation has been observed.17,18 Muratore et al
reported the promotion of fibroblast proliferation by HPE.19

Although the wound healing effects of HPE have been shown
in vitro experiments, there are no reports explaining its mechanism

FIGURE 4. Analysis of CD31� expression. As wound healing
progressed, CD31� positive endothelial cells also increased,
this was not significant.

FIGURE 5. Amount of neovascularization. Neovascularization
increased as wound healing progressed in both groups, with
no statistical differences between the control and experi-
mental groups.

FIGURE 6. Hematoxylin and eosin
staining (�100). The normal side is
to the left of the arrow; the wound
side is to the right of the arrow.
On wound day 6, more inflamma-
tory cells were seen concentrated
around the wound margin area in
the experimental group (above left)
than the control group (above
right), although this difference was
not statistically significant. On
wound day 14, no differences were
seen between the experimental
group (below left) and the control
group (below right).
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or function in vivo. Bearing this in mind, we set out to investigate
the effects of HPE on wound healing in vivo and to elucidate the
mechanisms of this process by establishing a wound healing model
in rats.

Although there are many substances in HPE, we do not know
the exact substances and their amount.11,20,21 Therefore when we
refer to the dose, we define in terms of the dose of the manufactured
HPE rather than the substances. Although not clinically defined, we
use 1 to 2 ample in each session. Sometimes, 32 mL of HPE were
used in 8 weeks.21 Therefore, we did a preliminary experiment using
0.1 mL assuming we administer 1 ample in each session. This is
considered be the minimal dose for clinical use. There was, how-
ever, no significant difference between the experiment and the
control group. In addition, we were not able to carry out the
experiment when we used the 10-fold dose because of the severe
inflammation around the wound. Therefore, we set our experimental
model as 2 fold, which is 0.2 mL.

Wound healing consists of a complex set of processes, in-
volving many growth factors secreted by keratinocytes, fibroblasts,
leukocytes, and vascular endothelial cells.22 Fibroblasts synthesize
collagen and keratinocytes construct new epithelium. Angiogenesis
also occurs to supply oxygen and nutrients to the newly formed
granulation tissue.23 The inflammatory phase of wound healing
begins immediately after blood clot formation 1 day after wound
formation. Epithelization also occurs during this period. The wound
then enters the proliferation phase from day 4, during which neo-
angiogenesis and granulation tissue formation begins. From day 7,
wound contraction begins, and continues for about 3 weeks.

These growth factors may influence each other or induce the
expression of other factors involved in wound healing. Growth
factors can be broadly categorized as those involved in granulation
tissue formation (eg, TGF-�) and those involved in neoangiogenesis
(eg, VEGF).24–27 Although many growth factors are involved in the
process of wound healing, adequate amount of growth factors must
be secreted in a timely fashion for proper wound healing to occur.28

Therefore, we examined TGF-� for the early wound healing phase
and VEGF for the late phase in our study.

When we examined the effects of HPE on wound healing in
terms of changes in wound size, the experimental group showed a
greater decrease in wound size compared with the control group.
The difference was noted starting on day 3 to day 9. The differences
in wound size during this period were statistically significant (P �
0.05). Although the final size of the wounds were similar on day 14,
near the end of the wound healing, the time required for the wound
to reach 50% of its original size was 3.04 days for the experimental
group compared with 4.49 days in the control group. Therefore, we
can infer from these data that speeded-up the wound healing process.

A similar result was observed after analyzing the expression
of TGF-�. In general, the level of TGF-� increases during the initial
phase of wound healing and decreases as wound healing progresses.
Our experiment results were consistent with these findings. A surge
of TGF-� was observed in both the experimental and control groups
on day 6 and a drop in the level of TGF-� was noted in both groups
on day 14. TGF-� increased to a significantly greater extent in the
experimental group than the control group. This indicates that HPE
facilitated an increase in the expression of TGF-�, which in turn
recruited more inflammatory cells thereby accelerating the initial
phase of wound healing. The increased infiltration of inflammatory
cells was ascertained using hematoxylin and eosin staining (Fig. 6).

New blood vessel formation is a key component of wound
healing and this process accelerates as the wound healing progresses.28

In our study, the expression of VEGF increased in both the exper-
imental group and the control group, and this was statistically
significant especially on day 14. HPE therefore appears to increase

the expression of VEGF. In addition, we investigated the extent of
new blood vessel formation by analyzing the expression of CD31�
positive endothelial cells. However, the neovascularization was not
significantly different between the experimental and control groups.

Although we did not evaluate whether the TGF-� and VEGF
were produced by the cells or were derived from the HPE, HPE
influenced the process of wound healing by increasing the levels of
TGF-� and VEGF.

In the 8-mm sized defect, the increase of fibroblast and
contraction during the normal wound healing process resulted in
almost similar size on the 14th day. Therefore, we cannot argue that
the wound healing was accelerated from this experiment alone;
however, we can conclude that it had a positive effect on the wound
healing. For more studies in the future, the experiment with delayed
wound healing model using DM mouse must be performed. Also,
different effects for systemic and local application for the topical
injection in the wound healing model must be clarified.

We conclude that HPE acted by increasing the level of TGF-�,
thus increasing the amount of inflammatory cell infiltration in the initial
phase of wound healing. It also elevated VEGF, which increased new
blood vessel formation in the later stage of wound healing.

CONCLUSIONS
Locally administration of HPE directly onto wound margins

promotes wound healing due to an increase in the amount of TGF-�
in the early phase of wound healing and VEGF in the late phase.

REFERENCES
1. Robson MC, Krizek TJ. The effect of human amniotic membranes on the

bacteria population of infected rat burns. Ann Surg. 1973;177:144–149.

2. Gruss JS, Jirsch DW. Human amniotic membrane: a versatile wound dressing.
Can Med Assoc J. 1978;118:1237–1246.

3. Mermet I, Pottier N, Sainthillier JM, et al. Use of amniotic membrane
transplantation in the treatment of venous leg ulcers. Wound Repair Regen.
2007;15:459–464.

4. Bennett JP, Matthews R, Faulk WP. Treatment of chronic ulceration of the
legs with human amnion. Lancet. 1980;1:1153–1156.

5. Azuara-Blanco A, Pillai CT, Dua HS. Amniotic membrane transplantation for
ocular surface reconstruction. Br J Ophthalmol. 1999;83:399–402.

6. Rennekampff HO, Dohrmann P, Fory R, et al. Evaluation of amniotic
membrane as adhesion prophylaxis in a novel surgical gastroschisis model.
J Invest Surg. 1994;7:187–193.

7. Watson AL, Burton GJ. A microscopical study of wound repair in the human
placenta. Microsc Res Tech. 1998;42:351–368.

8. Subrahmanyam M. Amniotic membrane as a cover for microskin grafts. Br J
Plast Surg. 1995;48:477–478.

9. Alam H, Kim D, Brun E, et al. A placental-derived tissue matrix as a bowel
wall substitute in rats: preliminary study. Surgery. 1998;124:87–91.

10. Gold-Aubert P, Chaumontet M, Capt M. An experimental study of the
anti-inflammatory and anti-arthritic properties of a standardized placental
extract. Int J Tissue React. 1981;3:155–165.

11. Nair B, Elmore AR. Final report on the safety assessment of human placental
protein, hydrolyzed human placental protein, human placental enzymes,
human placental lipids, human umbilical extract, placental protein, hydro-
lyzed placental protein, placental enzymes, placental lipids, and umbilical
extract. Int J Toxicol. 2002;21(suppl 1):81–91.

12. Lubowe II. Topical use of placenta-extract gel (non-estrogenic) in the treat-
ment of aging skin. J Am Geriatr Soc. 1963;11:914–917.

13. Anil S, Beena VT. Oral submucous fibrosis in a 12-year-old girl: case report.
Pediatr Dent. 1993;15:120–122.

14. Kaushal V, Verma K, Manocha S, et al. Clinical evaluation of human
placental extract (placentrex) in radiation-induced oral mucositis. Int J Tissue
React. 2001;23:105–110.

15. Tiwary SK, Shukla D, Tripathi AK, et al. Effect of placental-extract gel and
cream on non-healing wounds. J Wound Care. 2006;15:325–328.

16. Shukla VK, Rasheed MA, Kumar M, et al. A trial to determine the role of
placental extract in the treatment of chronic non-healing wounds. J Wound
Care. 2004;13:177–179.

Annals of Plastic Surgery • Volume 65, Number 1, July 2010 Effect of HPE in Wound Healing Model

© 2010 Lippincott Williams & Wilkins www.annalsplasticsurgery.com | 99

http://www.annalsplasticsurgery.com


17. O’Keefe EJ, Payne RE, Russell N. Keratinocyte growth-promoting activity
from human placenta. J Cell Physiol. 1985;124:439–445.

18. O’Keefe EJ, Chiu ML. Stimulation of thymidine incorporation in keratino-
cytes by insulin, epidermal growth factor, and placental extract: comparison
with cell number to assess growth. J Invest Dermatol. 1988;90:2–7.

19. Muratore O, Pesce Schito A, Cattarini G, et al. Evaluation of the trophic effect
of human placental polydeoxyribonucleotide on human knee skin fibroblasts
in primary culture. Cell Mol Life Sci. 1997;53:279–285.

20. Liu KX, Kato Y, Kaku T, et al. Human placental extract stimulates liver
regeneration in rats. Biol Pharm Bull. 1998;21:44–49.

21. Kong MH, Lee EJ, Lee SY, et al. Effect of human placental extract on
menopausal symptoms, fatigue, and risk factors for cardiovascular disease in
middle-aged Korean women. Menopause. 2008;15:296–303.

22. Singer AJ, Clark RA. Cutaneous wound healing. N Engl J Med. 1999;341:
738–746.

23. Galeano M, Deodato B, Altavilla D, et al. Adeno-associated viral vector-

mediated human vascular endothelial growth factor gene transfer stimulates
angiogenesis and wound healing in the genetically diabetic mouse. Diabeto-
logia. 2003;46:546–555.

24. Crowe MJ, Doetschman T, Greenhalgh DG. Delayed wound healing in
immunodeficient TGF-beta 1 knockout mice. J Invest Dermatol. 2000;115:
3–11.

25. Werner S, Krieg T, Smola H. Keratinocyte-fibroblast interactions in wound
healing. J Invest Dermatol. 2007;127:998–1008.

26. Roy H, Bhardwaj S, Yla-Herttuala S. Biology of vascular endothelial growth
factors. FEBS Lett. 2006;580:2879–2887.

27. Byrne AM, Bouchier-Hayes DJ, Harmey JH. Angiogenic and cell survival
functions of vascular endothelial growth factor (VEGF). J Cell Mol Med.
2005;9:777–794.

28. Ohtani T, Mizuashi M, Ito Y, et al. Cadexomer as well as cadexomer iodine
induces the production of proinflammatory cytokines and vascular endothelial
growth factor by human macrophages. Exp Dermatol. 2007;16:318–323.

Hong et al Annals of Plastic Surgery • Volume 65, Number 1, July 2010

100 | www.annalsplasticsurgery.com © 2010 Lippincott Williams & Wilkins

http://www.annalsplasticsurgery.com

