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ABSTRACT
Background: The main activity of the skin is to create a protective barrier against damage. Loss of the skin due to 

injury or disease and failure to regenerate the affected area may result in disability, infection, or even death. We 

conducted the animal study to evaluation of the effectiveness of nano-hydroxyapatite particles in wound healing. 

Method: This animal study performed in Isfahan university of medical science animal lab. Experiments were 

performed on 30 wistar in 5 groups. Biopsies 5 mm × 5 mm were obtain of abdominal, and were transferred to the 

cell culture laboratory into the Phosphate Buffer Saline (PBS). The cell proliferation was determined using the 

colorimetric MTS assay. The type and approach of this animal study is to create a deep skin wound and try to treat 

the wound with drug (nano hydroxyapatite 10%, nano hydroxyapatite 40%, combination of nickle ion with 

nanohydroxyapatite 10%, and 40%) intervention on an animal model of rat. Macroscopic evaluation and 

pathological examination were done. For pathological and histological examination of the wound, sampling was done 

on the seventh and fourteenth days after ulcer induction. All continuous and categorical data are presented as mean

± Standard Deviation (SD) and frequency (percentage), respectively. Paired sample T-test and repeated 

measure Analysis of Variance (ANOVA), chi-squared test was used. 

Results: During this study, MTS assay was carried out to evaluate the proliferation of mice fibroblast on the gelatin 

without hydroxyapatite, and with 10%, 40% hydroxyapatite after 1 day, 2 days and 3 days of culture. 

Significant enhancement of cell proliferation was observed in nano HA 10%, 40% and nano HA 10% with 

nickel in comparison when the cells seeded on gelatin and HA 10%. The best result was shown in 24 hours after 

seeding the cells in gelatin in comparison with 48 hours and 72 hours. Indeed, after 48 hours and 72 hours, the cell 

proliferation on gelatin decreased. In evaluation of wound area with image j soft ward, the wound area between 

3rd day, 7th day and 14th day of treatment after wound induction there were no significant difference between 

groups. In microscopic study and analysis for evaluation and comparing wound length with the michrome camera 

and mosaic soft ward, there were no significant relation in time (p1=0.77). There is a difference is close to 

significant between the groups (p2=0.065). There was no significant difference between time and group 

(p3=0.323). In day 14 the wound length between groups had significant difference (p4=0.049).

Conclusion: In conclusion, hydroxyapatites and its combination with nickle ion have significant effect on wound 

healing and cell proliferation.
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Also, many other ions of some metals were doped with HA, and 
they find out they all had accelerated the rehabilitation of 
human tissue injury or not [23].

Due to the very valuable biological properties of HA and its role 
in decrease inflammation, cell proliferation, blood clotting and 
other important stages of wound healing, in this study, a new gel 
is produced by gelatinizing the nano particle of hydroxyapatites 
doped with nickle ion as a novel, and compare its effect on skin 
wound rehabilitation with nano particle of hydroxyapatites.

MATERIALS AND METHODS  

Study design

The animal study performed in 2019 in Isfahan university of 
medical sciences. The study is containing in vitro cell study, MTS 
assay, DAPI staining, preparation of drug, animal study, and 
animal study.

Materials

Gelatin type A (G 2500) and penicillin streptomycin were 
purchased from Sigma (USA) were obtained from Merck 
(Germany). All chemicals used for the cell culture study were 
obtained from Sigma, St. Louis, MO, USA, unless stated 
otherwise. DMEM, FBS, PBS, and trypsin EDTA were 
purchased from Bioidia corporation, Iran. (3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)–
2-H-tetrazolium) (MTS) was obtained from Promega all
other chemicals and reagents were of analytical grade

In vitro cell study

Biopsies 5 mm × 5 mm were obtain of abdominal, and were 
transferred to the cell culture laboratory into the Phosphate 
Buffer Saline (PBS). The fragments were washed extensively by 
sterile PBS at least three times. Then cut into 1 mm × 1 mm 
pieces and then cultivation in tissue culture medium (Including 
DMEM/Ham’s F12, modified Eagle’s medium (Gibco BRL, 
Paisley, UK) containing Fetal Bovine Serum (FBS) (12%)
(Gibco), 1% streptomycin/penicillin solution (CM Media) and 
incubated at 37°C humidified incubator with 5% CO2
environment and were defined as passage 0 (P0). Culture media 
replaced every 3 days until 80% confluence. At confluence, cells 
were split with 0.0 5% Trypsin/0.02% EDTA and sub culture 
for more passages.

MTS assay

The cell proliferation was determined using the colorimetric 
MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-
(4-sulfophenyl)-2-H-tetrazolium) assay. The MTS assay was 
performed as previously described. After one, two and three days 
of cells seeding (5 × 105 cells/well) in 24 well plates, cells were
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INTRODUCTION
The main activity of the skin is to create a protective barrier 
against damage caused by contact with the environment around 
the body [1]. Loss of the skin due to injury or disease and failure 
to regenerate the affected area may result in disability, infection, 
or even death [1]. Every year in the United States, more than 
1.25 million people suffer from burns and 6.5 million suffer 
from bed sores, circulatory ulcers, or diabetes [2].

Recent advances in life sciences have made it possible to 
understand the effective processes in wound healing and to take 
effective steps towards better wound care [3]. Wound healing is a 
vital process for humans and many animals. One of the 
important goals of skin wound care is the process of rapid 
wound closure [4].

There are many ways for accelerating the skin wound healing 
such as aloe vera, collagen from marine source, on demand
release of CO2 from photothermal hydrogels, ozone oil, and one 
of them is hydroxyapatites [5-9]. Hydroxyapatite with the
formula Ca10(PO4)6(OH)2, as one of the biocompatible and 
bioactive substances containing calcium, is known for use in the 
regeneration of damaged tissues [10]. HA is containing calcium 
and it is one of the most essential ions in the wound healing 
mechanism and wound healing is mediated by calcium ions. 
They are also involved in the regeneration process [11]. The 
more calcium ions released from HA, the better the regulation 
of skin homeostasis, proliferation and differentiation of skin 
cells [12]. The effect of HA is to reduce the size of the wound by 
releasing calcium ions, which is one of the important criteria for 
wound healing. The key to initiating the wound healing process 
is blood coagulation, and one of the main factors causing blood 
coagulation is calcium [13-15].

Hydroxyapatite nanoparticles have been demonstrated as 
eminent nanomaterials because of their upgraded bioactivity, 
non-toxicity and biocompatibility properties [16]. There have 
been many studies on its use in medicine in various fields. For 
example, it has been used for bone repair, cartilage regeneration, 
and as an implant coating due to its hard tissue structure [17]. 
Since it has a stimulating effect on angiogenesis and cell 
proliferation, it is also used in soft tissue engineering [18]. The 
ionic products released by the HA reaction with the 
surrounding tissues are thought to cause an initial inflammatory 
reaction, which can accelerate wound healing and result in more 
satisfactory healing [19].

Also, in some new studies hydroxyapatite doped with ions for 
example, porous copper and lithium doped nano 
hydroxyapatite, rubidium, magnesium and nickle, and all these 
was used for evaluating cytocompatibility and its antibacterial 
effect [20-22]. They show that by using this combination in 
animal and human wounds rehabilitation was significantly 
accelerated.
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xylazine 10 mg/kg) and for reducing the pain injection 300 
mg/kg of acetaminophen intraperitoneal.

After anesthesia, the hair was shaved between the two shoulders, 
and the place was disinfected. Then by using a punch, a wound 
measuring 4 cm2 × 4 cm2 and a depth of 1 cm was applied 
remove all the skin layers (epidermis, dermis and hypodermis). 
We considered the surgery day as day zero and the day after the 
operation (the first day) based on the grouping of nanohydroxy 
gel and no additional dressing was used.

7 days and 14 days after wound induction and the treatment, we 
killed the animals and prepared a biopsy of their wound.

Biopsy was fixed in 10% formalin buffer for subsequent light 
microscopic examination. And processed by conventional 
methods for subsequent histology.

Macroscopic evaluation

After inducing the wounds, they were photographed on days 3, 
7, and 14. A millimeter ruler was used as a reference wound area 
was measured in cm (length and width) using image j software.

Pathological examination

For pathological and histological examination of the wound, 
sampling was done on the seventh days and fourteenth days 
after ulcer induction. For skin sampling from the area around 
the wound with a margin of about 2 mm from the wound with a 
scalpel razor incision was made and the entire skin of the 
margin and wound was taken as a square with dimensions of 1 
cm to 2 cm. The sample collected included both the central part 
and the healthy part of the wound margin.

Samples fixed in 10% formalin were sent to the pathology 
laboratory for slurry and staining. 5 micron sections were 
prepared and stained by hematoxylin and eosin.

To interpret the resulting images of the slides, we used the 
michrome camera and mosaic soft ward.

Statistical analysis

All continuous and categorical data are presented as mean ± 
Standard Deviation (SD) and frequency (percentage), 
respectively. Paired sample T-test was used for analysis of 
differences within groups and independent sample T-test and 
repeated measure Analysis of Variance (ANOVA) for analysis 
between groups in each time. Chi-squared test was used to 
compare categorical data between groups. A value of p ≤ 0.05 
was considered statistically significant. All statistical analyses 
were conducted using the SPSS software version 15 (SPSS Inc., 
USA). The image j, michrome camera and mosaic soft ward was 
used for measurement of length and area of the wounds in 
macroscopic and microscopic study.
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washed with PBS and incubated with 20% of MTS reagent 
containing serum free medium, after incubated plates were in
the dark for 3 hours at 37°C, in 5% CO2 aliquots were pipette. 
Transfer to 96 well plate. The absorbance of each well was 
detected at 540 nm. Using a spectrophotometric plate reader 
(Hyperion MPR 4+ Germany).

DAPI staining

The staining of the cells with DAPI (4′, 6-diamidino-2-
phenylindole), after 1 day and 7 day of cell seeded scaffolds, the 
cells were fixed using paraformaldehyde at room temperature for 
30 min, and washed with PBS thoroughly. After the 
permeabilization of the cells with Triton x-100 for 10 min, 5 
µg/ml DAPI was added to each well and incubated in the dark 
for 5 min at room temperature. Finally, the samples were 
washed, dried and observed by a fluorescence microscope 
(Olympus BX51, Japan) equipped with an Olympus DP70 
camera.

Preparation gelatin, nanoparticle of hydroxyapatite
and nickle ion

After preparation gelatin 12%, we prepared a gel containing 
high (40%) and low dose (10%) of nano particle of HA. More 
information and the preparation method of this drug was 
characterized in previous study. Then combination of these 
percentage of HA nanoparticle with 500 ppm, 1000 ppm and 
2000 ppm of nickel ion was prepared, which 1000 ppm of this 
ion has the most antibacterial effect than other doses. The 
under treatment groups were defined as control (only gel), HA 
10%, HA 40%, HA 10% + Ni and HA 40%/Ni.

Animal study

This animal study has been approved in by Isfahan university of 
medical science with the ethic code: IR.MUI.MED.REC. 
1398.338

The type and approach of this animal study is to create a deep 
skin wound and try to treat the wound with drug intervention 
on an animal model of rat. Experiments were performed on 30 
wistar rats (220 ± 20 g) in accordance with the European 
communities council directive of 24 November 1986 (86/609/
EEC). The rats were kept for a week in the animal nest of the 
biosafety laboratory of the department of biology, University of 
Isfahan, with suitable facilities to get used to the conditions of 
the nest. With the necessary facilities, the conditions of the nest 
environment with a suitable temperature of 22°C ± 2°C 
are maintained. In animal nests, a 12 hour cycle of darkness 
and light is established and the relative humidity is set at about 
40%. The animal had free access to water and food for rats. 
All rats were distributed to five groups and all rats in a standard 
cage.

Animal group was classified as five groups including six rats in 
each group, containing control group, nano hydroxyapatite 
10%, nanohydroxyapatite 40%, combination of nickle ion with 
nanohydroxyapatite 10% and 40%.

According to the IACUC guidelines, to cause wounds, animals 
are anesthetizing intraperitoneal with (ketamine 100 and
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Figure 1: MTS results of mice fibroblast stem cells loaded in the
gelatin and 10 %, 40% hydroxyapatite, and combination of
these two with nickel ion, as compared with each other after 24
hours, 48 hours and 72 hours of cell seeding no significance set
at P>0.05*.

In cell proliferation the best effects (and significantly different
with control) were in 24 hours after seeding the cells in gelatin

in HA 40%. These effects were also seen in HA 10% and Ni
10% in compared with control, but the best effect was observed
in HA 4% when compared with control group (Figure 2).

Figure 2: DAPI staining of fibroblast on the gelatin 
scaffold after 24 hours of culturing in HA 40% in comparison 
with HA 10%. A: HA 10% in day 0, B: HA 10% after 24 hours 
of culturing, C: HA 40% in day 0, D: HA 40% 24 hours of 
culturing.

Macroscopic study: In evaluation of wound area with image 
j soft ward, the wound area between 3rd day, 7th day and 14th 
day of treatment after wound induction there were no 
significant difference between groups (Figure 3 and Table 1).

Day

Group

(mean ± SD)

Day 3 Day 7 Day 14

Control 1.10 ± 0.28 0.86 ± 0.50 0.66 ± 0.01

HA 10% 0.95 ± 0.23 0.44 ± 0.27 0.42 ± 0.49

HA 40% 0.93 ± 0.18 0.30 ± 0.10 0.05 ± 0.05

Ni/1HA 10% 0.67 ± 0.09 0.21 ± 0.07 0.09 ± 0.07

Ni/HA 40% 0.74 ± 0.19 0.48 ± 0.06 0.63 ± 0.03

Total 0.88 ± 0.24 0.46 ± 0.30 0.25 ± 0.29

P value 0.064 0.265 0.157
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RESULTS

Evaluation of cell proliferation

MTS assay was also carried out to evaluate the proliferation of 
mice fibroblast on the gelatin without hydroxyapatite, and with 
10%, 40% hydroxyapatite after 1 day, 2 days and 3 days of 
culture. Significant enhancement of cell proliferation was 
observed in nano HA 10%, 40% and nano HA 10% 
with nickel in comparison when the cells seeded on gelatin 
and HA 10%. The best result was shown in 24 hours after 
seeding the cells in gelatin in comparison with 48 hours and 72 
hours. Indeed, after 48 hours and 72 hours, the cell 
proliferation on gelatin decreased. In addition, significantly 
difference was observed under treatment groups when 
compared HA 10%/Ni, HA 40%and HA 10% with HA 10% 
during 24 hours after seeding cells. However, such results were 
shown only for HA 40% and HA 10% in comparison with 
HA 10% during 48 hours (Figure 1).
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Figure 3: Macroscopic view of rats macroscopic pictures of
control and, HA 40% in the 1st day, 3rd day, 7th day and 14th day
after wound induction.

Microscopic study: In microscopic study and analysis for 
evaluation and comparing wound length with the michrome 
camera and mosaic soft ward, there were no significant relation 
in time (p1=0.77). There is a difference is close to significant 
between the groups (p2=0.065). There was no significant 
difference between time and group (p3=0.323). In day 14 the 
wound length between groups had significant difference 
(p4=0.049) (Table 2 and Figure 4).

Wound size (mean
± SD)

Main effect interaction

Day 7 Day 14 P1 Time P2 Group P3

Time*Group

Treated group HA 10% 7228.9000 ±
881.01262

6681.4650 ±
3300.11685

0.776 0.065 0.323

HA 40% 6138.8350 ±
1313.51449

2479.8550 ±
662.83483

Ni/HA 10% 5631.6100 ±
2722.14898

4034.2800 ±
2908.16049

Ni/HA 40% 8778.3700 ±
1184.71499

15683.4800

Control group 9552.15 5587.3450 ±
193.90989

P4 0.338 0.049

Figure 4: Microscopic pictures of treated groups, HA 40% in 7 
(a) and 14 (b) Days after wound induction, nickle ion
combination with HA 10% in 7 (c) and 14 (d) days after wound
induction.

important source of calcium and phosphate, very important for 
the remineralization of demineralized enamel areas [24]. HA 
also uses for wound healing. Healing of skin wounds involves a 
cascade of molecular cellular events including inflammation, 
angiogenesis, migration, cell proliferation, and regeneration of 
damaged tissues. After injury, various phenomena occur that 
cause tissue reconstruction and repair. This dynamic process 
requires the coordination of epidermal cells, arteries, fibroblasts, 
inflammatory cells, and extracellular matrix. Hydroxyapatite
with the formula Ca10(PO4)6(OH)2 known as hydroxyapatites, as 
one of the biocompatible and bioactive substances containing 
calcium, is known for use in regenerating damaged tissues. The 
more calcium ions released from HA, the better the regulation 
of skin homeostasis, proliferation and differentiation of skin 
cells. The effect of HA is to reduce the size of the wound by 
releasing calcium ions, which is one of the important criteria for 
wound healing [25].

In an article which used hydroxyapatites reported 
morphological, antibacterial, and cell attachment of cellulose 
acetate nanofibers containing modified hydroxyapatite for
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DISCUSSION
In this study, in the cell culture study, in cell proliferation the 
best effects were reported in the first 24 hours and the best 
result were observed in microscopic and macroscopic evaluation 
the best result was observed in HA 40% and then HA 10%/Ni.

Hydroxyapatite has long been among the most studied 
biomaterials in the medical field for both its proven 
biocompatibility and for being the main constituent of the 
mineral part of bone and teeth. Hydroxyapatite is also an
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CONCLUSION
In conclusion, hydroxyapatites and its combination with nickle 
ion have significant effect on wound healing and cell 

proliferation.
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wound healing utilizations [26]. Another study was showed the 
vascularization effect on the human wound healing and 
accelerated the re-epithelialization of the cutaneous wounds and 
decreasing the wound size with using HA as a novel dressing for 
wound healing [27].

HA has a structure very similar to bone structure, so it is often 
preferred to other biocompatible materials for orthopedic 
treatment. There have been many studies on the use of HA in 
medicine in various fields. HA, for example, has been used for 
bone repair, cartilage regeneration, and as an implant coating 
due to its hard tissue structure [28]. There have been many 
studies on HA and bone tissue engineering [29,30]. Since HA 
has a stimulating effect on angiogenesis and cell proliferation, 
HA is also used in soft tissue engineering [31]. The ionic 
products released by the HA reaction with the surrounding 
tissues are thought to cause an initial inflammatory reaction, 
which can accelerate wound healing and result in more 
satisfactory healing. [32]. Recent studies on HA have also 
identified primary inflammatory reactions due to it, which is 
considered as the first stage of wound healing [33]. In addition, 
in another study, HA was used in combination with other 
substances, including silk fibrin, to treat skin wounds [34].

Some studies reported that the nano particle of hydroxyapatites 
is better than HA. Nano particle of HA is the inorganic 
component of bone or teeth is nanocrystalline HA, which 
provides the toughness and ability to withstand pressure [35,36]. 
The nano-hydroxyapatite has a strong ability to bond with 
proteins, as well as with fragments of plaque and bacteria. New 
articles showed that nano particle of HA can exactly increase the 
wound rehabilitation. The calcium phosphate is stacked and 
aligned with the organic matrix formed by collagen fibers, 
glycoproteins, and mucopolysaccharides for conferring the 
elasticity and resistance to the structure. Some studies used it as a 
human bone as an organic inorganic composite having the 
components of collagen fibrils containing embedded and well 
disposed, nanocrystalline Hydroxyapatite (HA) [37]. 
Nanocrystalline HA powders exhibit improved sinter ability and 
enhanced densification due to greater surface area, which may 
improve fracture toughness, as well as other mechanical 
properties [38]. Moreover, nano-HA, compared to coarser 
crystals, is expected to have better bioactivity [39]. These 
reported properties make it better than primitive HA.

In this study, in addition to using nano particle of HA, we also 
used a combination with nickel to understand whether they had 
synergism effects on increasing wound healing or not. It was 
done for the first time and we don’t have any similar study to 
compare. However, in a study which used Ni, was reported that 
when it was doped with HA, it would significantly increase the 
rehabilitation and wound healing. It seems that it’s because of 
antiapoptotic and also synergic effects with HA. In compare we 
discuss that the HA results in wound rehabilitation was the best 
but the combination of HA/Ni effects were competitable in 
clinic and treatment not only in the level of in vitro but in in vivo.

Our study has the limitation if sample size. Therefore, for 
further studies and further review of the results, we need a larger 
sample size and a larger study to be able to net the results.
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