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Abst rac t
Collagen as a biomaterial is widely used for tissue regeneration due to various advantages including its biodegrada-
tion, biocompatibility, and low allergenicity. Along with aesthetic medicine development, collagen is also used in 
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Introduction

Collagen, in various forms, is widely use in surgery 
and dentistry for blood clotting, healing and tissue re-

-

bovine collagen, injected into the skin, were described 
in the early 1960s. However, the new proposal is using 
the injectable form of equine collagen which can also be 
used for gingival biotype changing. It is well known that 

-
lar matrix, granulation tissue and angiogenic factors and 

used for stimulation seems to be a key factor [1].
Fibroblasts are cells of mesodermal origin and gingi-

tissues originate from the neural crest [2–4]. Due to the 
in vivo

-

protrusions, ability to adhere to plastic containers for 
cell culture and lack of markers for other cell lines [5, 6]. 

are not a homogeneous group of cells. Moreover, the 
subpopulations of cells were described within the same 

sample of connective tissue, where also GF show poten-

can be phenotypically divided into papillary and reticular 

characteristics due to production of migration stimulat-
ing factor [7–9]. This heterogeneity is probably respon-

is the production and secretion of collagen, reticulin and 

a framework for tissue [2, 5].
Cellular metabolism consists of the chemical reac-

tions that occur in living cells, in which the reactions can 
generally be divided into catabolic reactions that convert 
nutrients into energy, and anabolic reactions that lead 
to the synthesis of larger biomolecules. Apoptosis, also 
called programmed cell death, is a physiological process 
which removes unwanted cells. It maintains tissue bal-
ance, regulates the pathway of cell growth and prolif-
eration, and eliminates potentially cancerous and virus-
infected cells, in opposition to necrosis where cells die 
due to injury. The apoptotic process is characterized by 

the cytoplasm and nucleus, DNA cleavage, and loss of 
plasma membrane asymmetry [10]. During a lifespan the 
body must constantly balance cell growth and prolifera-
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tion with cell death to maintain the equilibrium of tissue. 
The key control mechanisms of cell growth and death are 
regulated through cell metabolism [11].

The goal of this study was to observe changes in  

apoptosis after equine collagen type I stimulation.

Material and methods

Fibroblasts

The experiment was performed on primary human 

the tissue samples collected during a standard procedure 
of covering gingival recessions by a sub-epithelial con-
nective tissue graft in compliance with patients. The 
bioethics commission approved the study. The positive 
control (fibroblasts incubated in presence of dimethyl 
sulfoxide – DMSO) showed 100% apoptotic cells and the 

collagen and without DMSO) 73% apoptotic cells. 

Atelocollagen

The test used collagen material, Linerase, which is 
a class III medical device in the form of lyophilized type I 
equine atelocollagen. Equine collagen type I has been 
used for the last 30 years in dermatology, plastic and 
vascular surgery for wound healing and skin ulcer ther-
apy. According to information provided by the manufac-

of proteolytic enzymes and does not undergo chemical 
changes in its structure, such as protein denaturation 
or cross-linking, consequently maintain very high bioac-
tivity. The only chemical change Linerase undergoes is 
separation of N- and C-terminal amino acid sequences 
from the collagen triple helix, to reduce the risk of aller-

 

Cells culture method

Fibroblasts were grown in 25 cm2 culture vessels con-

a mixture of penicillin, streptomycin, amphotericin) at 
37°C and 5% concentration CO

2
 (New Brunswick S41i, 

Eppendorf). To passage, the cells were washed with 

bovine serum (FBS), which contains a trypsin inhibitor. 

solution in 0.53 mM EDTA (750 µl). After 10 min of incu-
bation with trypsin at 37°C and a 5% CO

2
 atm, the degree 

of cell detachment (scattering) from the vessel surface 
was estimated using an inverted microscope (Axiovert 
200, Zeiss). To avoid clumping, the cells were mixed by 
shaking. After detaching the cells from the medium, they 

poured into two new vessels. Replacement of culture me-
dium with fresh medium occurred every 2–3 days until 

Metabolic activity assay

In order to analyze metabolic activity, after achiev-

to the wells of a 96-well plate in the number of about 
5000 per well and incubated for 24 h, after which the 
medium was replaced with poor (0.5% FBS) or full (10% 
FBS) culture medium and selected concentrations of col-
lagen were added. Four concentrations of collagen were 
used in the subsequent research: 0.4 mg/ml, 4 mg/ml, 
8 mg/ml and 16 mg/ml. Then the cytotoxicity assay 
was conducted to determine changes in cell viability. 
Cell Counting Kit-8 (SIGMA), used in research, is based 
on reduction of monosodium tetrazolium salt WST-8 
(2-(2-methoxy-4-nitrophenyl)-3(4-nitrophenyl)-5-(2,4-di-
sulfophenyl)-2H-tetrazolium) by dehydrogenases in cells 
to a yellow colored product (formazan), which is soluble 
in the tissue culture medium. The amount of formazan 
is directly proportional to the quantity of metabolically 
active cells. The absorbance was read at 450 nm in an 

72 h of incubation.

Cells death assay

In order to analyze apoptosis, after achieving the 
desired level of confluence, cells were transferred to 
the wells of a 6-well plate in the number of about 105 
per well and incubated at 37°C and 5% CO

2
 atm for  

24 h. After 24 h of culture the medium was replaced with 
fresh medium containing selected concentrations of col-
lagen. Four concentrations of collagen were used in the 
subsequent research: 0.4 mg/ml, 4 mg/ml, 8 mg/ml and 
16 mg/ml. In the next step each cellular sample was pre-
pared. 100 µl of Muse Annexin V & Dead Cell Reagent 
was added to 100 µl of cell suspension and incubated 
for 20 min. The research used the Muse Annexin V & 
Dead Cell Assay, which allows for quantitative analysis of 
concentrations of live, early and late apoptotic and dead 

(phosphatidylserine), a membrane component normally 
localized in the internal part of the cell membrane. Early 
in the apoptotic pathway PS are translocated to the outer 
surface of the cell membrane where annexin V can bind 
them.

All research was performed on cells with a low pas-

trials with a low passage number were frozen in liquid 
nitrogen for preservation. For this purpose, a procedure 
was used in which the obtained cell suspensions were 
centrifuged with bovine serum containing 10% cryopro-
tectant (DMSO).
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Results

Fibroblasts’ metabolic activity

Each collagen concentration used in the study caused 

the control group regardless of the culture medium used.
-
-

bated with 0.4 mg/ml collagen concentration showed an 
increase in metabolic activity after 48 and 72 h compared 
to 24 h of incubation (26% increase after 48 h and 20% 
after 72 h compared to 24 h). Fibroblasts cultured in  
4 mg/ml collagen concentration showed the most stable 
metabolic activity during the study with a 12% activity 
decrease between 24 and 72 h of cell incubation. Fibro-

Figure 1. Analysis of cell metabolic activity (DMEM + 10% 
FBS) measured after 24 h, 48 h and 72 h of incubation of 
full culture medium with selected collagen concentrations 
(0.4 mg/ml, 4 mg/ml, 8 mg/ml and 16 mg/ml). Data are 
expressed as a percentage of the control group 
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Table 1. Percentage results measured after 24 h, 48 h and 
72 h of incubation in full culture medium with selected 
collagen concentrations (0.4 mg/ml, 4 mg/ml, 8 mg/ml 
and 16 mg/ml). Metabolic activity of control samples is 
100%

Time [h] Incubation

0.4 mg/ml 
collagen

4 mg/ml 
collagen 

8 mg/ml 
collagen 

16 mg/ml 
collagen 

24 52% 77% 64% 50%

48 78% 75% 42% 29%

72 72% 65% 34% 23%

 Figure 2. Analysis of cell metabolic activity (DMEM + 0.5% 
FSB) measured after 24 h, 48 h and 72 h of incubation in 
poor culture medium with selected collagen concentrations 
(0.4 mg/ml, 4 mg/ml, 8 mg/ml and 16 mg/ml). Data are 
expressed as a percentage of the control group 
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Table 2. Percentage results measured after 24 h, 48 h and 
72 h of incubation in poor culture medium with selected 
collagen concentrations (0.4 mg/ml, 4 mg/ml, 8 mg/ml and 
16 mg/ml). Metabolic activity of control samples is 100%

Time [h] Incubation

0.4 mg/ml 
collagen

4 mg/ml 
collagen

8 mg/ml 
collagen

16 mg/ml 
collagen

24 h 40% 31% 28% 28%

48 h 58% 36% 32% 34%

72 h 53% 20% 24% 27%

blasts cultured with collagen concentration 8 mg/ml and 
16 mg/ml showed the largest decrease of metabolic ac-
tivity during the measured period (30% activity decrease 
between 24 and 72 h for 8 mg/ml and 27% activity de-
crease between 24 and 72 h for 16 mg/ml). Fibroblasts 
cultured with 16 mg/ml added collagen presented the 
lowest metabolic activity from all tested samples.

Fibroblasts cultured on poor culture medium (0.5% FBS) 
(Figure 2, Table 2) showed lower metabolic activity com-

collagen concentration showed a bigger increase in meta-
bolic activity after 48 and 72 h compared to 24 h of incuba-
tion (18% increase after 48 h and 13% after 72 h compared 
to 24 h). Fibroblasts cultured with collagen concentrations 
of 4 mg/ml, 8 mg/ml and 16 mg/ml showed a slight in-
crease of metabolic activity after 48 h (5% – 4 mg/ml, 4% – 
8 mg/ml, 6% – 16 mg/ml) and next a decrease in metabolic 
activity after 72 h of incubation.

Apoptosis

Fibroblast groups cultured with 0.4 mg/ml collagen 
-

centage of apoptotic cells compared to the negative con-
trol (73% to 75%). Other tested samples showed a higher 
percentage of apoptotic cells compared to the negative 
control after 24 h of incubation. Higher collagen concen-
tration in culture medium results in an increase of the 
number of apoptotic cells compared to the negative con-
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trol. After 48 h of incubation the number of apoptotic cells 
decreased in every tested sample regardless of the colla-
gen amount in the culture medium. The next 24 h of incu-
bation (72 h total incubation time) resulted in an increase 
of the number of apoptotic cells cultured with 0.4 mg/ml 
and 4 mg/ml collagen concentration and a decrease of 
the number of apoptotic cells cultured with 8 mg/ml and 
16 mg/ml collagen concentration (Figure 3, Table 3).

Discussion

Collagen is considered one of the most valuable sub-
stances in connective tissue regeneration, because of its 
biodegradable, hydrophilic and biocompatible character, 
and it is considered non-immunogenic, and a weak an-
tigen. 

Healing and regeneration processes in tissues are 
successfully supported by enamel matrix derivatives 
(EMD), plasma components, hyaluronic acid and collagen. 

-
nent of gingiva, which accounts for about 60% of the to-
tal tissue protein. Collagen, which plays a fundamental 
role in tissue repair and wound healing processes, is also 

-
gens, type I is the best known and most numerous col-
lagen [14, 15].

Its superhelix is usually made up of two identical  
1 chains and one 2 chain to form a heterotrimer and 

is mostly responsible for tissue resistance, stretching and 
rupture. Type III is a homotrimer and composed of re-

responsible for their proper positioning and tissue elas-
ticity. Collagens types III and I are the main collagenous 
components in healthy gingiva with a 7 : 1 ratio between 

-
lagen synthesis [17].

Collagen antigenicity is attributed to the interspe-

in terminal telopeptides [18, 19]. In animals, individual 
collagen triple helices, known as tropocollagen (TC), ulti-

-
served in tissue, bone, and basement membranes. This 
telopeptides of TC are important for initiating proper 

-
-

tion atelocollagen is used due to lower risk of an allergic 
reaction. It is type I collagen, which was subjected via 
the elimination of the telopeptides by pepsin digestion, 

antigenicity. Atelocollagen has valuables properties, as 
solid state at 37°C and liquid at 4°C. The drying process 
can be controlled to obtain the desired qualities depend-
ing on intended use. The most commonly used forms of 

atelocollagen are water solution, powder, gel, sponge and 
membrane [18, 21, 22].

Collagen can be obtained from many sources. Very 
common is bovine-derived collagen. Bovine collagen is 
readily available and useful for some biomedical purpos-

-
tegrity during the isolation process, and potential immu-
nogenicity. Clinical observation revealed that 2–4% of the 
population is allergic to bovine type I collagen [18]. Also, 
the issue regarding bovine spongiform encephalopathy 
(BSE) caused the search for other sources. The interest 
was drawn to nonmammalian sources, such as shark and 

-
turation compared to bovine collagen [23, 24]. Also in use 
are porcine and equine-derived collagens. The structure 
of porcine collagen is similar to human collagen [25].

Cells balance their catabolic and anabolic pathways 
in order to control their levels of metabolites and ensure 

-
ways. They can strengthen a particular pathway by increas-

Figure 3. Analysis of changes in cells life after 24 h, 48 h 
and 72 h of incubation in full culture medium with selected 
collagen concentrations (0.4 mg/ml, 4 mg/ml, 8 mg/ml and 
16 mg/ml)
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Table 3. Percentage of apoptotic cells after 24 h, 48 h and 
72 h of incubation in full culture medium with selected 
collagen concentrations (0.4 mg/ml, 4 mg/ml, 8 mg/ml 
and 16 mg/ml). In brackets are the increase and decrease 
of number of apoptotic cells after 48 and 72 h incubation 
time

Time [h] Incubation

0.4 mg/ml 4 mg/ml 8 mg/ml 16 mg/ml

24 75.13% 83.65% 86.75% 87.75%

48 42.52%
( 32.61%)

47.37%
( 36.28%)

59.47%
( 27.28%)

59.59%
( 28.16%)

72 50.91%
( 8.39%)

57.23%
( 9.86%)

48.43%
( 11.04%)

52.92%
( 6.67%)
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ing the amount of a necessary enzyme or use activators to 
convert that enzyme into an active form. Vice versa, to slow 
down or stop a pathway, cells can decrease the amount of 
an enzyme or use inhibitors to make the enzyme inactive. 

Up- and down-regulation of metabolic pathways are 
often a reaction to changes in concentrations of metabo-
lites in the cell and extracellular matrix. Moreover, meta-
bolic products serve as inhibitors of their own synthesis 
to avoid pathological upregulation in collagen synthesis, 

-
lagen can also exhibit those properties. The decrease of 
metabolic activity observed in the described experiment 
may be caused by a process known as feedback inhibi-
tion. The proof of this thesis can be the fact that higher 
collagen concentration causes a greater decrease in cell 

The test result may be related to culture medium 
structure. Mechanical properties of matrix play a crucial 

proportional to collagen concentration, but only when 
the gel is compressed [17]. A study by Fringer and Grin-

twice as high in attached collagen matrices (when col-
lagen matrices remain attached to laboratory dish walls) 

synthesis and collagen synthesis are low in non-attached 

their morphology and switch to quiescence phenotypes 
and become apoptotic. Research conducted on dermis 

in dermis require appropriate interactions with collagen 

was deprived of N- and C-terminal amino acid sequences 
to reduce the risk of allergy. The lack of telopeptides can 
change gel properties or interfere with gel formation. 

-

lead to oxidative stress which in consequence causes 
a decrease of metabolic activity. 

cellular properties. With the reduction of nutrient sub-

in poor medium show generally lower metabolic activity 
compare to cells cultured in full medium.

Results of the apoptotic study can also be related 
to culture medium structure. Fluck et al. [28] showed in 

matrices undergo apoptosis. The study was conducted on 

at around 2–4 days of research. Our research showed an 
apoptotic peak on day 1, which might be the result of 

-

-
er percentage of living cells in samples incubated with 
higher collagen concentration is in line with the fact that 

-

-

et al.

±7.8% at day 10). Kuzan et al. -
lagen in smaller than our concentration and obtained the 

(79.93 ±16.76%) decreased with the decreasing concen-
tration [30]. In our research a higher concentration sup-

Conclusions

We conclude that under the conditions of this re-
search atelocollagen did not stimulate metabolic activ-

should take into consideration the limited duration (72 h) 
of the study, depending on laboratory capabilities. So, we 

-
tosis showed an increasing number of living cells after 

we can assume that a higher collagen concentration will 
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