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Introduction

The process of wound healing is very complex involv-
ing various physiological responses. Wound healing 
must combine with different cells, growth factors, and 
extracellular matrix (ECM), and so forth. Previous study 
shows that there are four distinct processes in wound 
healing: hemostasis, inflammation, proliferation, and 
remolding (Levin, 2002). In these processes, different 
cells are needed in different stages, such as the macro-
phage plays a main role of removing nonfunctional cells 
and bacteria in the inflammation stage (Dipietro, 1995). 
Moreover, the fibroblast is regarded as indispensable in 
the processes of wound healing. It has been shown that 
fibroblasts can secrete growth factor, ECM to induce 

proliferation, differentiation, and migration of other 
cells or itself during the stages of wound healing (Park 
et al., 2006; Clark, 2001), and it is also reported that 
increasing numbers of fibroblasts could improve wound 
healing in experimental models (Lamme et al., 2000).

For 2000 years, traditional Chinese medicine has 
been used as a remedy for general health improvement, 
including the fight against aging (Cheng et al., 
2005). Chinese medicine is widely used for different 
diseases today. Previous studies show that Astragalus 
membranaceus Bunge (Leguminosae) (RA) and 
Rehmannia glutinosa Steud (Scrophulariaceae) (RR) 
were effective in enhancing the proliferation fibroblasts 
in wound healing (Lau et al., 2008, 2009). Ginsenoside 
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from Panax ginseng C. A. Mey (Araliaceae) could act 
against UVB-induced growth inhibition and nucleolus 
damage of HaCaT cells (Lau et al., 2008). Other studies 
also show that sinomenine from Sinomenium acutum 
(Thunb.) Rehder et E. H. Wilson (Menisupermaceae) 
displays an anti-inflammatory activity by inhibition 
of TNF-α-induced phosphorylation, and the extract 
of edible bird’s nest (EBN) could promote the wound 
healing of corneal (Zainal Abidin et al., 2011).

Another Chinese medicine, pearl powder, has 
recently been used as health food. It has been shown 
that pearl powder has antioxidant, antiaging, antira-
dioactive, and tonic activities for cells (Dai et al., 2010; 
Xu et al., 2001). The pearl powder is also applied to 
cure aphthous ulcer, gastric ulcer, and duodenal ulcer 
on clinical therapy (Dai et al., 2010). In addition, the 
mother of pearl, nacre, could enhance the cell adhe-
sion and tissue regeneration of skin fibroblasts (Lopez 
et al., 2000).

By these reports, it is reasonable to assume that 
pearl extraction (PL) has repair ability for wound 
healing. However, the extraction and enrichment 
of analytic sample of food or Chinese medicine are 
important, but general extraction methods are usu-
ally costly in terms of organic solvents, causing a loss 
or degradation of active compound with relative low-
extraction efficiency (Damm & Kappe, 2011; Xiao  
et al., 2012; Molto-Puigmarti et al., 2011; Beyer & Biziuk, 
2008). Therefore, we utilized a low-temperature extrac-
tion to produce PL; thus, extract of pearl was used to 
be a supplement with a cultured fibroblast cell line 
(Hs68 cells) and human primary cells (human foreskin 
fibroblast cells, HFFs). This study investigated the effect 
of PL on fibroblasts. It was found that the migration-
promoting potential of Hs68 cells and HFFs could be 
enhanced to perform wound healing when the cell cul-
ture medium contained PL. On the other hand, these 
cultured cells appeared to accelerate the rate of fibro-
blast migration. It is expected that PL, by promoting the 
migratory ability of the cell, may have a wound healing 
application.

Materials and methods

Extraction system
The extract ion system has been described in a previous study 
(Yang et al., 2011). Pearls, which had been harvested from 
freshwater pearl oyster, Hyriopsis cumingii Lea (Unionidae), 
were first cleaned by washing in deionized water and dry-
ing at 40°C. The pearls were ground into >10,000 mesh pearl 
powder by an air impacting grinder. Pearl powder (1 kg) was 
extracted with 10 L of water for 4 h with a room temperature 
super extraction system (RTSES, MesoPhase Technologies, 
Inc., Taiwan; Taiwan patent number: I271 220; Germany 
patent number: Nr.102 005 061 822). The powder–water 
mixture was centrifuged at 3000g for 10 min and the super-
natant was collected as the water extract.

Cell culture
The protocols from previous studies were modified for 
cell culture (Lou et al., 2010; Chung et al., 2011). The 
cell line used in this study was a human newborn fore-
skin fibroblast cell line, Hs68 cell (BCRC number: 60 
038). The culture medium in this study was Dulbecco’s 
Modified Eagle medium (DMEM) with 10% fetal bovine 
serum (FBS, Biological Industries, Israel) in the presence 
or absence of 300 μg/mL PL (Mesophase Technolies, 
Taiwan, containing 10 μg/mL water-soluble protein, 
90–140 ppm hydrolyzed amino acid, and 3200 ppb cal-
cium ion, 339 ppb magnesium ion).

Primary culture of HFFs was obtained from the surgi-
cal specimen of excised redundant foreskin during major 
foreskin operations. The study protocol was approved by 
the Institutional Review Board of the National Taiwan 
University Hospital (number: 9 561 703 036). We con-
formed to the Helsinki Declaration with respect to human 
subjects in biomedical research. The subcutaneous tis-
sues were cut into small pieces and then digested with 
dispase at 37°C with agitation for 2 h in Hank’s balanced 
salt solution. The dissociated tissues were incubated 
without shaking for 5 min at room temperature, followed 
by the separation of dermis cell-enriched supernatant to 
a new tube. The dermis fraction was centrifuged at 300 g 
for 5 min. The pellet was then resuspended in DMEM with 
10% FBS in the presence or absence of 300 μg/mL PL, 
and the cells were seeded for subsequent experiments.

MTT assay
Cell survival was evaluated by cellular ability to reduce 
3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide (MTT, Sigma) (Young & Hu, 2003). Since mito-
chondrial dehydrogenases of viable cells cleave selectively 
at the tetrazolium ring, yielding blue/purple formazan 
crystals, the level of the reduction of MTT into formazan 
can reflect the level of cell metabolism (Deckwerth & 
Johnson, 1993). For the MTT assay, the culture medium 
was removed after a predetermined culture time, and 
then cells were incubated with 0.1 mL of MTT (2 mg/
mL in PBS) for 3 h at 37°C. After incubation, the medium 
was aspirated and the formazan reaction products were 
dissolved by dimethyl sulfoxide in PBS and shaken for 
15 min. The optical density of the formazan solution was 
read on an ELISA plate reader (M2e, Molecular Devices) 
at 570 nm. Cell viability determined by the MTT assay was 
expressed as a percentage of control neurons.

Scratch assay
According to a protocol detailed previously, the scratch 
assay was prepared from cell-confluent wells (Nakajima 
et al., 2007; Loeber & Runyan, 1990). Hs68 cells or HFFs 
were cultured in DMEM containing 10% FBS in the pres-
ence or absence of 300 μg/mL PL on TCPS and cultured 
until confluency. In order to create a rectangular scratch, 
the monolayer was gently scratched with a pipette tip. 
Then, culture medium and detached cells were removed. 
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The scratched well was washed twice with PBS, and fresh 
medium in the presence or absence of PL was added. 
The cells were then incubated for 16 h. Furthermore, cell 
motility was measured by an inverse phase contrast time-
lapse microscopic system (Lieca DMI600, Germany). All 
statistical analysis was performed using one-way ANOVA 
followed by Duncan’s test with p < 0.05 being considered 
significant.

Real-time quantitative polymerase  
chain reaction (PCR)
mRNA expression of Hs68 cells or HFFs was evaluated 
by real-time quantitative PCR (Shao et al., 2010). Total 
cellular RNA was extracted from Hs68 cells or HFFs 
using Mix Total RNA Extraction kit (Bio-Rad, CA, USA). 
RNA was reverse transcribed into complementary 
deoxyribonucleic acid (cDNA) using the High-Capacity 
cDNA Reverse Transcription kit (Applied Biosystem, 
CA, USA). Expression of mRNA was detected using 
an ABI Prism 7900 HT Sequence Detection System 
(Applied Biosystem, CA, USA). Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) (Assay ID: Hs99 
999 905; Applied Biosystem, CA, USA) was used as 
the endogenous control. Data were collected with the 
Applied Biosystem SDS 2.1 software and analyzed using 
the threshold cycle number (Ct) relative quantification 
method. The TaqMan Gene Expression assays of target 
gene were purchased from Applied Biosystem (Collagen 
Type I Assay ID: Hs00 164 004 and Collagen Type III 
Assay ID: Hs00 164 103; Applied Biosystem, CA, USA). 
The results were presented as the ratio of mRNA expres-
sion of collagen type III relative to collagen type I in 
Hs68 cells. All statistical analysis was performed using 
one-way ANOVA followed by Duncan’s test with p < 0.05 
being considered significant.

results

Behavior of Hs68 cells cultured on TCPS in the 
presence or absence of PL
The effects of Hs68 cells cultured on TCPS in the pres-
ence or absence of 300 μg/mL PL were investigated. 
As shown in Figure 1, the behaviors of Hs68 cells cul-
tured on TCPS in the presence or absence of PL were 
compared. The results show that Hs68 cells cultured in 
medium containing PL started to attach on TCPS and 
the morphology of Hs68 cells displayed a flat and poly-
gon shape at 1 day of incubation. After 3 days of incuba-
tion, a growth of Hs68 cell could be observed; it revealed 
that the cell number of Hs68 cell increased when Hs68 
cells were cultured on TCPS in medium containing PL. 
Furthermore, it revealed that Hs68 cells could continu-
ously grow in medium containing PL and reach conflu-
ent morphology. In addition, it was observed that most 
of the Hs68 cells displayed a spindle shape in confluent 
culture after 7 days of incubation. Similar to medium 
containing PL, Hs68 cells attached on TCPS in medium 
in the absence of PL and showed a polygon shape at 1 

day of incubation. Thus, Hs68 cells were continuously 
cultured on TCPS in the absence of PL for 7 days of incu-
bation, and Hs68 cells could also grow to confluence and 
the spindle shape morphology of most all of Hs68 cells 
could be observed. Based on these results, it is assumed 
that medium containing PL does not inhibit the growth 
and survival of Hs68 cells.

MTT assay
MTT assay relies on the ability of the viable cells to reduce 
a water-soluble yellow dye to a water-insoluble purple 
formazan product. Figure 2 shows the MTT conversion of 
Hs68 cells cultured on TCPS in the presence or absence 
of PL medium. Although it was observed that the MTT 
conversion of Hs68 cells in medium in the absence of PL 
was slightly higher than that in medium in the presence 
of PL at 5 and 7 days of incubation, the MTT reduction 
activity of cells in the presence or absence of PL exhibited 
a significantly stable increase at all time points, respec-
tively. These results indicated that medium containing 
PL was favorable for the proliferation of Hs68 cells. This 
is consistent with the result of Figure 1 that the growth of 
Hs68 cells on TCPS was greatly increased with medium 
in the presence of PL. Therefore, it suggests that the cell 
number would greatly increase on TCPS with culture 
medium in the presence or absence of PL.

Scratch assay for Hs68 cells in the  
presence or absence of PL
Furthermore, the wound healing ability of Hs68 cells 
was tested by the scratch assay. We characterize the 
movement of Hs68 cells on TCPS in the presence or 
absence of 300 μg/mL PL after the confluent culture 
was scratched. After scratching a confluent monolayer 
cells, it could be observed that the first cell of Hs68 cells 
in PL-free medium started to migrate into the scratched 
site at 8 h of incubation (Figure 3a, arrow); and the 
first migratory cell of Hs68 cells in PL medium in the 
scratched site at 6 h of incubation was also observed 
(Figure 3b, arrow). On other hand, the Hs68 cells would 
start to migrate in 8 h after scratching. Subsequently, 
the movement of Hs68 cells continued to be observed 
from 8 to 16 h, Figure 3a shows that there were few cells 
to be observed in scratched site at 16 h of incubation. 
Compared with PL-free medium, more cells in medium 
containing PL which continued to migrate were 
observed. This clearly revealed that more polygonal and 
spindly e-shaped Hs68 cells migrated from the edge of 
the scratched site to the center during 8 to 16 h of incu-
bation. Furthermore, quantitative analysis shows the 
migratory cell number of Hs68 cells in the absence of PL 
was 8 ± 2, it revealed that Hs68 cells in PL-free medium 
could not be significantly increased. Dissimilar to the 
effect of PL-free medium, the migratory cell number of 
Hs68 cells in the presence of PL was 26 ± 2 which was 
three times more than that in the absence of PL, as 
shown in Table 1. Based on the results of scratch assay, 
it may be suggested that Hs68 cells cultured in medium 



292 Y.-C. Li et al.

  Pharmaceutical Biology

containing PL could have better migratory ability than 
that in PL-free medium.

mRNA expression of Hs68 cell cultured  
in the presence or absence of PL
The mRNA expressions of collagen type I and colla-
gen type III in Hs68 cells in the presence or absence 
of PL were assayed by real-time quantitative PCR 
after 1 day of incubation. In PL-free medium, Figure 
4 shows no significant difference of mRNA expression 
between collagen type I and collagen type III in Hs68 
cells could be observed. In contrast, when Hs68 cells 
culture medium containing PL, the mRNA expression 
of collagen type I and collagen type III were different 
from cells in PL-free medium. The trend of mRNA 
expression was increasing from collagen type I to 
collagen type III, indicating that mRNA expression of 

Figure 1. Optical photomicrographs of Hs68 cells cultured on TCPS in medium in the absence or presence of PL after 7 days of incubation. 
Scale bar = 100 µm.

Figure 2. Metabolic activity of Hs68 cells cultured in the absence or 
presence of PL on TCPS after 7 days of incubation was assayed by 
MTT. Data were determined from three independent cultures and 
expressed as mean ± standard deviation.
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collagen type III was higher than that of collagen type 
I in PL medium (1.25 ± 0.06-fold, p < 0.05). Therefore, 
these results indicated that Hs68 cells cultured in PL 
medium could promote the mRNA expression of col-
lagen type III.

Scratch assay for HFFs in the presence or absence of PL
Finally, the wound healing ability of human primary cells, 
HFFs, cultured in the presence or absence of 300 μg/mL 
PL, was also tested by the scratch assay. Interestingly, it 
could be observed that the movements of HFFs in the 

Figure 3. Dynamical process of in vitro scratch assay with Hs68 cells in medium in the (a) absence or (b) presence of PL on the scratched well 
at 16 h of incubation. Scale bar = 100 µm.
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presence or absence PL were similar to Hs68 cells. After 
scratching a confluent monolayer of cells, it could be 
observed that the first cell of HFFs in PL-free medium 
started to migrate into the scratched site at 2 h of incuba-
tion (Figure 5, arrow). Subsequently, a few cells migrated 
into scratched site after 16 h of incubation, as shown in 
Figure 5a. Compared with PL-free medium, it could be 
observed that HFFs in the presence of PL continued to 
migrate. More polygonal and spindly HFFs migrated 
from the edge of the scratched site to the center in 16 h 
of incubation. Furthermore, quantitative analysis shows 
the migratory cell number of HFFs in PL-free medium 
was 7 ± 2, revealing that HFFs in PL-free medium could 
not be significantly increased. Dissimilar to the effect of 
PL-free medium, the migratory cell number of HFFs was 
20 ± 2, which was more than that in PL-free medium (p < 
0.05), as shown in Table 2. The results of the scratch assay 
suggest that medium containing PL also could promote 
the migratory ability of HFFs.

Discussion

It is well known that fibroblasts play an important role 
in wound healing in the human body. Proliferation and 
migration of fibroblasts are a critical stage in wound heal-
ing. In wound healing, fibroblasts would proliferate and 

migrate into the wound site to repair it. Therefore, pro-
moting proliferation and migration of fibroblasts is a very 
important topic. Previous studies show that the behavior 
of fibroblasts could be regulated by different nutrition, 
growth factors, and cytokines. For example, the survival 
and growth of fibroblasts in vitro could be regulated by 
egg components (Carrel & Ebeling, 1923). EGF could 
be a mitogenic factor for fibroblastic cells (Nakagawa  
et al., 1985) and TGF-α acts synergistically with TGF-β 
to induce the growth of fibroblasts (Anzano et al., 1983). 
In addition, FGFs family such as bFGF also can enhance 
the mitosis and migration of fibroblasts (Esch et al., 1985) 
and thrombin could simulate the migration of fibro-
blasts (Dawes et al., 1993). Furthermore, some Chinese 
medicines are considered to have an effect on wound 
healing for cells, such as enhancing viability of primary 
fibroblasts to improve the healing of a diabetic foot ulcer 
by the mixture of herbs RA and RR in diabetic patients 
(Zhang & Yao, 2011), or Genipin to mediate the prolifera-
tion and migration of subconjunctival fibroblasts (Kitano 
et al., 2006). Therefore, it is interesting to study whether 
the interaction of fibroblasts with particular components 
of pearl can direct cells to proliferation and migration or 
not. The major finding of this study was that a fibroblast 
cell line, Hs68 cell, could survive and promote migratory 
ability when culture medium was in the presence of PL, 
which was produced by a low-temperature extraction 
process.

Previous studies showed that bone marrow cells could 
be stimulated to differentiate and form bone by utilizing 
nacre as a substrate (Lamghari et al., 1999; Moutahir-
Belqasmi et al., 2001). Therefore, in the present study, 
extract of pearl was used to be a supplement to culture 
Hs68 cells. At 1 day of incubation, the morphology of 
most cells displayed a polygon when culture medium 
was in the presence of PL, and a confluent culture could 
be observed after 7 days of incubation. In addition, in 7 
days of culture, the cell shape of Hs68 cell in confluent 
wells changed from polygon to spindle, meaning that 
active fibroblasts transferred into an inactive fibroblast 
phenotype (Figure 1). Furthermore, according to the 
MTT assay, MTT reduction activity of cells in the pres-
ence of PL exhibited a significantly stable increase at all 
time points (Figure 2); this result is consistent with the 
morphology of Figure 1. Compared with PL medium, the 
results of Hs68 cells in the absence of PL were similar to 
that in the presence of PL. On the other hand, it is rea-
sonable to suggest that Hs68 cells cultured in medium 
containing PL could survive and did not inhibit prolif-
eration of cells.

According to previous studies, fibroblasts would 
proliferate and migrate into the wound site in the short 
term when there is a wound to be created (Yamaguchi 
& Yoshikawa, 2001; Falanga, 2001; Koopmann, 1995). 
Therefore, the wound healing abilities of Hs68 cells and 
HFFs were analyzed by the scratch assay. After scratch-
ing a confluent monolayer, the first migratory cell of 
Hs68 cells in PL medium migrated into the scratched site 

Figure 4. The mRNA expression of Collagen Type I and Collagen 
Type III in Hs68 cells cultured in the absence or presence of PL on 
TCPS after 1 day of incubation. The results were presented as the 
ratio of gene expression of Collagen Type III relative to Collagen 
Type I. *Significant difference as determined by one-way ANOVA 
followed by the Duncan’s test (p < 0.05).

Table 1. Average numbers of migratory Hs68 cells were counted in 
the scratch site at 0 and 16 h of incubation.

Medium

Hs68 cell
Total number of  

cell in scratch site
Number of 

miratory cell
0 h 16 h 16–0 h

PL− 3 ± 1 11 ± 2 8 ± 2
PL+ 3 ± 1 29 ± 1 26 ± 2
Data was determined from three independent cultures and 
expressed as mean ± standard deviation.
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at 6 h of incubation and it also could be observed that 
the cell morphology of scratched edge appeared as a 
polygonal shape. It is assumed the Hs68 cells transferred 
to an active fibroblast phenotype when they sensed the 
wound was created. Subsequently, in order to repair the 

wound, more Hs68 cells were observed to migrate into 
the scratched site after 16 h of incubation. Compared 
with medium containing PL, the rate of first migratory 
cell in medium in the absence of PL was later than that 
in the presence of PL. Thus, it also revealed that the cell 

Figure 5. Dynamic process of the in vitro scratch assay with HFFs in medium in the (a) absence or (b) presence of PL in scratched wells after 
16 h of incubation. Scale bar = 100 µm.
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number at the scratched site in PL-free medium (8 ± 2) 
was three times lower than in medium containing PL 
(26 ± 2), as shown in Figure 3 and Table 1. The results of 
the scratch assay suggest medium  containing PL could 
be promoting migration of fibroblasts in a wound heal-
ing model.

Furthermore, previous studies show that fibroblasts 
would secrete ECM in migratory or repairing processes 
(Falanga, 2001; Breuing et al., 1997; Schultz, 1987). In 
addition, other studies show that the secretion of colla-
gen I is less than that of collagen III in fibroblasts during 
the wound healing process (Shegogue & Trojanowska, 
2004; Singer & Clark, 1999; Ross & Benditt, 1965). Thus, 
in this present study, the mRNA expression of collagen 
type I and III in Hs68 cells were assayed by real-time 
quantitative PCR. It was clearly observed that mRNA 
expression of collagen type III was higher than that 
of collagen type I on Hs68 cells in the presence of PL 
rather than in the absence of PL (Figure 4). Compared 
with the timelapse results of the scratch assay (Figure 
3 and Table 1), the trends of mRNA expression of 
Hs68 cells were consistent with the results of migra-
tory abilities of Hs68 cells in the presence or absence 
of PL. This meant that the wound simulated Hs68 cells 
to express high gene expression of collagen type III 
than collagen type I after scratching; and morphology 
of Hs68 cells started to change from inactive fibroblast 
(spindly shape) to active fibroblast (polygonal shape). 
Consequently, it was observed that Hs68 cells migrated 
in the scratched site for repair. Therefore, this suggests 
that medium containing PL could mediate mRNA 
expression of collagen in Hs68 cells. In addition, since 
PL contained components with molecular weights less 
than 30 kDa (data not shown), it is a possibility that 
PL may contain some of the growth factors, cytokines, 
polyamines, vitamins and electrolytes responsible for 
the conjugated effect for fibroblasts. Besides, previous 
studies report that two peptides of the putative imagi-
nal disc growth factor (IDGF) of Diaprepes abbreviatus 
Linnaeus (Curculionidae) in pearl extract which we 
used in this study had been identified (Yang et al., 
2011); it is suspected that the pearl protein was identi-
fied with sequence homology to IDGF of D. abbreviatus 
may be involved to stimulate fibroblast mitosis and 
motility of insect imaginal disc cells (Dai et al., 2010; 
Kawamura et al., 1999). Therefore, this suggests that the 
synergistic effects of IDGF of D. abbreviatus and serum 

components to enhance the migratory fibroblast and 
mRNA expression of collagen type III were higher than 
collagen type I in fibroblasts.

Finally, because Hs68 is a cell line, we next investigated 
the migratory ability of human primary cells with culture 
medium in the presence or absence of PL. Interestingly, the 
trend of migratory ability of HFFs was similar to that of Hs68 
cells. This revealed that the movement of HFFs in the pres-
ence of PL was faster than that in PL-free medium in 16 h of 
incubation, and the morphology of HFFs also transferred 
to active fibroblast (Figure 5). In addition, it also appeared 
that the first HFFs migrated into the scratched area at 2 h 
of incubation. The rate of HFFs was three times faster than 
that of Hs68 cells (Table 2); it might be that the primary cells 
were more sensitive than the cell line. Results of the scratch 
assay for HFFs suggest that medium in the presence of PL 
could be used for human primary cells.

conclusions

The present study demonstrated that a migration-pro-
moting effect was present in an extract of pearl, which 
could be a supplement for culture. In addition, the 
extract of pearl which was produced by low-temperature 
extraction could promote gene expression of collagen 
type III and repair the wound when a wound was created. 
These results are very encouraging since this information 
should be useful for growth of strategies to enhance the 
healing of wounds.
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