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Abstract: This study aims to determine the impact of orthotopic transplantation of human amniotic epithelial cells 
(hAECs) on the pathologic changes of wound tissues in a self-prepared rat stage III pressure ulcer model. Ninety-six 
SD rats were randomly divided into the model group (group M), hAEC transplantation group (group H), traditional 
treatment group (group T), and the control group (group C), with 24 rats in each group. The wound healing time was 
observed in 6 rats from each group, and 6 rats of each group were selected for post-modeling on day(s) (D) 1, 3, and 
7 for HE staining to compare the pathological changes. The healing time of group H was significantly shorter than 
the other three groups. Moreover, pathological observations revealed that group H exhibited significant proliferation 
of fibrous tissues and vessels in the dermal layer, and the appearance time and degree of skin appendages were 
significantly greater than that observed in the other three groups. Pathological observations showed that hAEC 
transplantation could significantly speed up the healing of stage III pressure ulcer.
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Introduction

Pressure ulcer (PU) is localized injury to the skin 
and/or underlying tissue usually over a bony 
prominence, as a result of pressure, or pres-
sure in combination with shear. A number of 
contributing or confounding factors are also 
associated with pressure ulcers; the signifi-
cance of these factors is yet to be elucidated 
[1]. PU normally has a large damage range, eas-
ily causing sepsis, systemic failure, and other 
life-threatening complications. Moreover, PU 
would not only cause patients a considerable 
amount of pain, but also increase body’s con-
sumption, thus affecting the recovery of prima-
ry diseases and increasing the overall cost of 
health care [2]. In recent years, developments 
in stem cell technology have provided new 
directions for the treatments of a variety of 
refractory diseases [3]. In this study, we used 
Sprague-Dawley (SD) rats to generate a stage 
III PU model and transplanted human amniotic 

epithelial cells (hAECs) to treat stage III PU, aim-
ing to evaluate its impacts on healing time and 
pathological conditions of PU and providing a 
basis for preclinical studies of hAECs in treating 
refractory stage III PU.

Materials and methods

Animals and grouping

Ninety-six adult male Sprague-Dawley (SD) rats, 
weighing between 120 and 150 g, were pur-
chased from the Chongqing Tengxin Bill animals 
Sales Co., Ltd. [License No: SCXK (Yu) 2012-
0005], and divided randomly into groups M, T, 
H, and C, with 24 rats in each group. In group M, 
the wound was protected by replacing the medi-
cal sterile applicator daily [4]. Group T was disin-
fected with 0.5% povidone-iodine solution, and 
the wound was then exposed to infrared irradia-
tion for 15-20 min once per day [5]. The wound 
was then covered with 0.5% povidone-iodine-
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soaked gauze, and fixed the gauze with the 
medical sterile applicator, and sterilized. The 
povidone-iodine gauze was replaced daily and 
the wound was disinfected under aseptic condi-
tions and exposed to infrared irradiation [6]. 
Group H was immediately subcutaneously 
injected with normal saline-suspended ~4th-5th 
generation hAECs (5×105 cells/rat), and the 
wound was protected with a medical sterile 
applicator, which was replaced daily. In group C 
rats, the legs were shaved, anesthetized, and 
fixed onto an operating table at the same time 
as other groups, while did not modeling and 
treatment. Animals and operating procedures 
used in this study were compliant with the rel-
evant ethical requirements for animal studies.

Acquisition, culture, and identification of 
hAECs

Amniotic membranes were obtained from the 
parturients at the affiliated Hospital of Zunyi 
Medical College after obtaining their informed 
consent. The amniotic membrane was peeled 
from the fresh placenta of a full-term parturient 
on whom C-section was performed, prior to 
which physical examinations were carried out 
to exclude the possibility of hepatitis B, hepati-
tis C, syphilis, human immunodeficiency virus 
(HIV), and other diseases [7]. Peeled amniotic 
membranes were cultured from fresh placenta 
under aseptic conditions. Membranes were 
rinsed with freshly prepared D-Hank’s solution 
before the experiment and then cut into pieces. 
Next, 0.02% ethylene diamine tetraacetic acid 
(EDTA)-containing 0.05% trypsin solution (for 
digestion) followed by addition of 10% Fetal 
Bovine Serum (FBS)-containing medium to ter-

minate digestion [8]. The cell precipitate was 
then resuspended in L-DMEM, containing 1% 
β-mercaptoethanol, 1% GlutaMAX, 10% FBS, 
10 μg/mL EGF, and 1% NEAA. The above cul-
tured cells were namely the primary hAECs [9]. 
The isolated primary cells were then seeded in 
25 cm2 flasks [10] with a density of 5×105 cells/
mL for 72-96 h of culture. Once the cells exhib-
ited >80% confluence, a solution of 0.125% 
trypsin and 0.02% EDTA was added for diges-
tion and subculture [11]. Flow cytometery and 
immunocytochemistry were then carried out to 
identify hAECs [12].

Model preparation

Based on a previously reported method [13], 
rats were fixed in the supine position onto a 
cushion pad for anesthesia with propofol (the 
first anesthesia dose, 10 mg·kg-1 with a 30 
mg·kg-1·h-1 maintenance dose; the second anes-
thesia dose, 8 mg·kg-1 with a 20 mg·kg-1·h-1 
maintenance dose). We used a self-made PU 
preparing apparatus (Figure 1), after anestheti-
zation and fixed the rat, interior skin, and mus-
cle tissues of the left thigh were placed under 
the transmission shaft. Sandbags were then 
placed onto the load table such that the local 
tissues would be under pressure, followed by 
ischemic necrosis [8]. The modeling site was 
compressed for 2 h, and reperfusion was then 
performed for 0.5 h, 3 times a day for 7 con-
secutive days.

Transplantation of hAECs

The P4 hAECs digested in the single cell sus-
pension, adjusted to a cell density of 1×106 

Figure 1. Working line chart of animal pressure ulcer model machine (China patent, No. 201420090436x).
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cells/960 μL with D-PBS. The cell suspension 
(480 μL) was subcutaneously injected in each 
rat and the wound center was demarcated with 
a circle, and the greatest distance from the 
center was considered the radius for drawing a 
circle. A concentric circle with the half the radi-
us of the original circle was drawn, following 
which 4 straight lines were drawn through the 
center, dividing the two circles into eight sec-
tors. The 45° extension cord intersected the 
two circles and formed eight points, such that a 
total of 16 transplantation points could be 
obtained. One 50 μL micro syringe was then 
used to inject 30 μL of the cell suspension into 
each transplantation point.

Detection of wound healing rate and healing 
time

One disposable, sterile, transparent sheet of 
graph paper was used to draw the shape of the 
wound for calculating the wound area and the 
wound healing rate. Wound healing rate = (origi-
nal wound area - area when detected)/original 
wound area ×100%, when the healing rate was 
more than 95%, it could be considered as com-
pletely cured [9].

The transparent graph paper was then cut in 
into 5×5 cm2 fragments and sterilized with eth-
ylene oxide. Then shape of the wound was then 
drawn on the transparent graph paper. When 

Figure 2. Wound healing comparison among the groups on D1, 3 and 7.
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the pattern filled a large lattice, it was counted 
as 1 cm2, and when it filled a small lattice, it 
was counted as 0.01 cm2, if the pattern could 
not fill a small lattice, it was counted in accor-
dance with the rounding-off method. Greater 
than half the lattice was counted as 0.01 cm2, 
while smaller than half the lattice was not 
counted. Repeated measurements were per-
formed to reduce the error to less than 0.01 
cm2, which fell within the allowable range for 
this experiment.

Histopathological examination

Six rats from each group were randomly select-
ed and treated by cervical dislocation method 
on the post-hAEC transplantation day(s) (D) 1, 3 
and 7, then 1 cm2 of wound central tissues was 
taken, soaked in 10-fold 4% paraformaldehyde 
solution for 24 h of fixation. The specimens 
were then sent to the department of Pathology 
at the Affiliated Hospital of Zunyi Medical 
College, for paraffin embedding, slicing, hema-
toxylin-eosin (HE) staining, and histopathologi-
cal examination.

Statistical analysis

The experimental data were expressed as 
mean ± standard deviation (

_
x  ± s), SPSS19.0 

software was used for statistical analysis, and 
ANOVA was used for the intergroup compari-
son, with P<0.05 considered statistically 
significant.

Results

Wound observations

Figure 2 shows that, on D1 of treatment, group 
M secreted a yellow, purulent fluid in the wound. 
Groups T and H secreted a pale yellow transpar-
ent exudate. On D3 of treatment, group T 
showed no wound exudate, group M showed a 
small amount of yellow exudate, while group H 
exhibited crusting on skin surface without an 
exudate. On D7 of treatment, group M showed 
no crusting on the skin surface, with a yellow 
transparent exudate, group T exhibited crusting 
on partial skin surface with no significant exu-
date, group H showed a healed wound, and 
group T showed a partially healed wound, and 
the wound area in group T was smaller than 
group M.

Changes in wound healing rates of skin and 
muscle tissues 

As shown in Table 1, on D1 of treatment, the 
wound healing rates of group T and group H 
were higher than group M (P<0.05). On D3, the 
wound healing rate of group H was significantly 
higher than group M and group T (P<0.05). On 
D7, the wound healing rate of group H was sig-
nificantly higher than group M and group T 
(P<0.05), and that of group T was higher than 
group M (P<0.05).

Comparison of wound healing time

As shown in Table 2, compared to group M and 
group T, the wound healing time of skin and 
muscle tissues in group H was significantly 
shorter (P<0.05, P<0.01), and that of group T 
was shorter than group M (P<0.05).

Pathological examination of PU tissues

Normal skin tissues were composed of full-lay-
er integral structures, namely the epidermis, 
dermis and subcutaneous tissues, in addition 
to the corneum, granular, spinous layer, basal, 
and papillary layers. Structure of the reticular 
layer was clear, as well as numerous sebaceous 
glands, hair follicles, sweat glands, and other 
skin appendages, and the skin blood vessels 
were rich [10]. We observed that the PU model 
rats exhibited an empurpled leg, with a small 
amount of ulceration and mild exudate. HE 
staining confirmed that skin surface had exu-

Table 1. Changes of wound healing rates of skin 
and muscle tissues among groups after hAECs 
transplantation (%) (

_
x  ± s, n=6)

Group D1 D3 D7 d
M 9.67±1.11 14.83±1.47 70.29±2.54
T 10.17±1.17* 16.33±1.11 71.71±3.45*

H 12.33±1.97*,Δ 47.67±3.14*,Δ 91.43±2.13*,Δ

Compared with group M, *P<0.01; compared with group T, 
ΔP<0.05.

Table 2. Comparison of wound healing time (_
x  ± s, n=6)
Group Healing time (d)
M 9.83±0.69**

T 9.17±0.69*,#

H 5.5±1.52
Compared with group H, *P<0.05, **P<0.01; Compared 
with group M, #P<0.05.
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dates, necrosis, fibrous proliferation, and lym-
phocytic infiltration (Figure 3).

On D1, each group exhibited dermal defects, 
with obvious edema in subcutaneous tissues 
and more inflammatory cell infiltration. Group H 
exhibited lighter inflammatory cell infiltration 
than groups T and M. Group M secreted more 
subcutaneous inflammatory exudate, and 
group H exhibited proliferation of fibrous tis-
sues and vessels in the dermis. Compared with 
group M and group T, group H exhibited lighter 
inflammatory cell infiltration (Figure 4).

On D3, inflammation and edema in subcutane-
ous tissues of each group was eased by various 
degrees, group T secreted lesser inflammatory 
exudate than group M. Group H exhibited sig-
nificantly reduced inflammatory cells than the 
other 2 groups, and tissue edema was signifi-
cantly reduced. Group H exhibited lighter 
inflammatory infiltration than groups T and M, 
and group H exhibited significant proliferation 

of fibrous tissues and vessels in dermis, as well 
as a small amount of skin appendages (Figure 
5).

On D7, group H exhibited significantly reduced 
number of inflammatory cells, and its extent of 
tissue edema was lower than the other two 
groups, indicating that the tissue defects were 
significantly repaired. The number of capillaries 
in group H was smaller than group M and group 
T, while that in group M was greater than group 
T. Collagen fibrosis proliferation, scar forma-
tion, and skin appendages were observed to 
increase in the dermis of group H (Figure 6).

Discussion

PU animal models can be divided into ischemic 
PU, ischemia-reperfusion PU, and bacteria-
infected PU models [14, 15]. The ischemic PU 
model exhibited pathological changes such as 
hemoconcentration, characterized by an 
increase in blood viscosity and thrombosis, 

Figure 3. Pathological detection of normal skin tissues and resected necrotic tissues. Note: A: Normal skin tissues 
(HE×40); B: Normal skin tissues (HE×200); C: Necrotic tissues (HE×40); D: Necrotic tissues (HE×200).
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which might lead to local blood circulation dis-
orders, edema, and tissue necrosis [16]. 
Ischemia-reperfusion PU is caused when the 
body is compressed, and the capillaries are 
blocked, tissue ischemia-hypoxia would then 
induce body’s compensation reactions [17]. 
Owing to calcium overloading, outbreak of oxy-
gen free radicals as well as an increase in 

inflammatory factors further aggravated tissue- 
and organ-damage when blood flow was 
restored. Currently, the commonly observed 
reason for PU is ischemia-reperfusion that 
causes chronic skin- and muscle tissue-dam-
age [18-20]. Presently, the magnetic compres-
sion, innerspring compression, and mechanical 
compression methods are normally used to 

Figure 4. Comparison of HE staining of wound on D1 among the groups. Note: epidermis, inflammatory cells, blood 
vessels and fibrous tissues, scar tissues.

Figure 5. Comparison of HE staining of wound on D3. Note: epidermis, inflammatory cells infiltration, blood vessels 
and fibrous tissues, skin appendages.
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generate a PU model. Because the magnetic 
compression method and innerspring compres-
sion method need surgical intervention, they 
cause bodily damages to the experimental ani-
mals; moreover, the formation mechanisms of 
PU cannot be elucidated using these methods. 
This study selected a mechanical compression 
method for preparation of an ischemia-reperfu-
sion PU model of rat skin and muscle tissues. 
Seven days after modeling, we observed that 
the skin hardened and became darker. 
Histopathological identification confirmed our 
observations as stage III PU, indicating that this 
study successfully generated a rat PU model.

On D3, after each group received the appropri-
ate treatment, group H exhibited significantly 
higher wound healing rate than the other two 
groups. Compared with groups M and T, group 
H exhibited significantly shortened wound heal-
ing time. HE staining showed that the numbers 
of inflammatory cells in group H at different 
time points were lower than group M, while the 
number of newborn capillary networks on D3 
were higher than the other two groups, on D7, 
group H exhibited significantly reduced wound 
skin defects than the other two groups, and the 
numbers of capillaries under microscope were 
less than the other two groups, while the prolif-
eration of a lot of collagen fibers and the forma-
tion of skin appendages could also be seen in 
group H.

In summary, pathological changes among dif-
ferent groups showed that group H exhibited 
the most significant improvements, indicating 
that hAEC transplantation could play distinct 
roles in the treatment stage III PU.
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