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ABSTRACT

In the recent years, regeneration of damaged [Bdpes has been considered a significant
research direction and has attracted researchtfeorm many developed countries throughout
the world. In Vietnam, researches in this field ddimited access. Our study was conducted
with the aim to evaluate the proliferation of hunamtal pulp stem cells (hDPSCs) in fibrin gel
towards the application of hDPSC-fibrin gel compiepulp tissue regeneration. Fibrin gel was
prepared from the combination of human blood derifibrinogen solution and 0.8 M CaCl
solution (with ratio 40:1). Porous architecture &iber size were characterized by H&E staining
and SEM, respectively. Degradation of fibrin gehitman plasma was determined by measuring
the gel weight everyday for 7 days. Then, fibrin gas placed onto the cultured human
fibroblast surface to assess acute toxicity towhedcells. Human dental pulp stem cells were
cultured in fibrin gel with the density of 1@ells/cni. Cell proliferation was investigated by
MTT assay everyday for 11 days consecutively. Resliowed that fibrin gel was created from
plasma after 20 minutes with 100 % efficiency, psie ranged 30-60 um, and fiber diameter
was about 0.5 pm. Fibrin gel was still remain iagpha for 7 days and did not cause acute
cytotoxicity to human fibroblasts. Dental pulp steeils grew well in fibrin gel until the"dday
and reduced until the Tday, cell density on thé"@lay was approximately 12 times more than
the first day. The obtained results showed that fthen gel can be used as the scaffold
supporting dental pulp stem cells for applicationeestorative dentistry.

Keywords:fibrin gel, scaffold, human dental pulp stem cedktorative dentistry.

1. INTRODUCTION

Oral diseases, including tooth decay, periodont§ gdiseases, etc. are very common and
increasing through years. Although Vietnam is afeéess$ into the group that have the highest
rate of oral diseases, the communities pay lesatain to this manner. Nowadays, root canal
filling and implant are commonly used to treat attowhich has damaged pulp. These two
methods are successful in saving the tooth, howetrer damaged pulp is not restored.
Moreover, after a period of time, these methodslead to some unintended consequences,
for instance, tooth becoming darker in colour, jamb atrophy, etc. [1].
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Recently, the studies of hDPSCs have led to nevordppities for restoration of damaged
pulp tissue. hDPSCs can be obtained from baby tewthodontic tooth or wisdom teeth.
These cells strongly proliferate, and are capabldiferentiating into many dental cell types
such as odontoblasts and ameloblasts [2, 3]. hDR®&seeded into an appropriate scaffold,
then the scaffold/cells complex is transplantea itvteated pulp. Presently, fibrin has been
widely investigated as one of the autologous malerifor transplantation. Fibrin is
characterized as protein fibers involving in coagioh. In blood, fibrin exists as an inactive
precursor fibrinogen, when coagulation factors enésfibrinogen are converted into fibrin
which then form a fibrin network by polymerizaticamd seal blood clots. By mimicking this
mechanism, autologous fibrin was prepared frompherial blood of patient, and serve as a
source material in various forms such as blockgeshgel for further research in the
biomedical application [4, 5].

2. MATERIALS AND METHODS
2.1. Materials

Human peripheral blood; human dental pulp stemscéliman fibroblasts; cell culture
medium.

2.2. Fibrin gel preparations

The human peripheral blood was centrifuged at 300& for 10 minutes. After
centrifugation, the top layer plasma was aspirattma tube, and repeat the centrifugation steps
once more time, the plasma was stored at 4 °C wsitilg In order to prepare fibrin gel, plasma
is poured into a shaped container, followed byaitidition of 0.8 M CaGlsolution (Sigma) with
the ratio of 40 : 1, and incubated at room tempeesfor 20 minutes.

2.3. Evaluation of fibrin gel structure and degraddion

Fibrin gel structure was determined by H&E stainamgd scanning electron microscope
(SEM).

Degradation of fibrin gel was evaluated by incubgtihe gel in autologous plasma. Plasma
was harvested by centrifugation human blood at 3p@®for 10 minutes. Next, fibrin gel was
incubated in plasma for 7 days. The residual weiflffibrin gel was determined everyday.

2.4. Evaluation of acute toxicity of fibrin gel

Acute toxicity of fibrin gel towards human fibrosks was quantified according to ISO
10993. Fibroblasts were isolated from human skmi eultured in DMEM/F12 supplemented
with 10 % FBS (Fetal Bovine Serum) (Sigma). Whea tiells were approximately 80 %
confluent, fibrin gel was placed on the cell sugfaéfter 1 day, effect of fibrin gel to the
cultured cells was determined.
2.5. Evaluation of proliferation of hDPSCs in fibrin gel

hDPSCs was obtained according to the previous gobtestablished by the same authors
[6]. Teeth were collected from volunteers, and esfomm PBS (Phosphate Buffered Saline)
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(Gibco) containing Penicillin/Streptomycin (Sigmd#).tooth was cut into 2 pieces in order to
collect the pulp tissues. Pulp tissue was cut Br@ll pieces of 1x1 minthen cultured in
DMEM/F12 supplemented with 10 % FBS for cell ismat When the cells grown to 80 — 90 %
confluence, cells were detached from the cultundasa using Trypsin/EDTA (Sigma) and
moved into the new roux. hDPSCs underwent serifagecondary expansion until Passage 4
(P4) generation (after 4 times of subculture) watsioed.

hDPSC at P4 were detached from the culture surfasaspended in plasma at a density of
10° cells/ml, and aliquoted 0.5 ml each well in a fawgll plate. Then, Cagkolution was added
in to plasma with the ratio 40:1 on order to foibrifi gel containing cells. Fibrin gel containing
cells was cultured in DMEM/F12 containing 10 % FiB511 days.

Cell growth was evaluated by MTT assay from dayolday 15. Every two days, old
medium was aspirated, followed by addition of fresédium supplemented with 5 mg/ml MTT
(Sigma) at a ratio 1:10 (v/v) to initiate the fotioa of formazan crystals. After 4 hours,
supernatant in each well was discarded, DMSO (Signas added to dissolve the crystals,
followed by measuring OD at 450 nm wavelength.

3. RESULTS AND DISCUSSION
3.1. Fibrin gel preparations
Blood was centrifuged at 3000 rpm for 10 minutefteA2 times of centrifugation, the

obtained plasma is usually yellow, plasma volumes w8 % approximately to total blood
volume (Figure 1)

Figure 1.Plasma obtained from centrifugation.

Yellow colour of plasma added with Ca@hanged into opaque yellow. After 20 minutes,
the fibrin gel was formed, with the shape of thatamer (Figure 2).
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Figure 2.Fibrin gel was formed in round plastic plate.
3.2. Fibrin gel structure

Fibrin gel structure was determined by HE stainimgl SEM. HE staining showed that
fibrin gel structure was homogeneously porous \8ith- 60 um pore size (Figure 3ASEM
image showed that fibrin was a porous structureméal by interlacing protein fibers. These
protein fibers were approximately 0.5 pm in diamdtégure 3B). This result was consistent
with the result about than vivo generation of fibrin fibers to prevent bleedingdasome of
publlshed studles by other authors [7, 8, 9].

... Et'ti::l-‘. HE WOUDRN B B 2220 O 55

Figure 3.Fibrin gel structure. A: HE staining (x100), B: SEMage (x20000)
(Fibrin fibers were indicated by the arrow).

3.3. Fibrin gel biodegradation

In the living body, there are existing enzymes tteat degrade fibrin. This enzyme system
helps improve blood flow when the thrombosis isid#téd, and provides favorable conditions for
wound healing process after inflammation or swgllifthe most important enzyme that can
degrade fibrin is plasmin. Plasmin presents on mupiasma and have ability to degrade fibrin
into dissolve products.

In this experiment, autologous human plasma (cteérom patients themselve for fibrin
gel preparation) was used to evaluate fibrin ggradation. Blood was centrifuged at 3000 rpm
for 10 minutes to separate plasma containing agitais plasmin. Result of fibrin degradation in
autologous human plasma showed that fibrin gelddtedegraded during 7 days of incubation
in plasma. After 7 days, fibrin gel preserved 25f4he initial weight, average weight loss of
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fibrin gel on each day was 10.49% compared withfittse day (Figure 4). This result showed
that fibrin gel wasin vitro biodegradable in human plasirand that it can probably remain
longer than 7 days in the same condition as above.
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Figure 4.Diagram of fibrin degradation upon percentage sicheal weight.
3.4. Acute toxicity of fibrin gel

Acute toxicity of fibrin gel was examined accorditaythe effects of fibrin gel on human
fibroblasts during a short time of exposure. Filtasts were cultured until a homologous layer
(95%) was formed on culture surface of the plaigufe 5). Fibrin gel was then placed on the
cell layer. Acute toxicity of fibrin gel towards biioblasts was evaluated after 1 day of
incubation. Latex was used as a positive control.

After 1 day, when cultured in the present of Lat#xoblasts were found to be deformed,
the cells became round, formed clusters and cosipletetached from the culture surface
(Figure 6A). This occurred due to the fact thatelxatauses toxicity to cells. Latex is widely
used as a positive control for toxicity studiesisTiesult is consistent with above studies.

Figure 5.Morphology of fibroblasts (x100) as indicated bg #rrow.

Regarding to the culture plate containing fibrir, ghere as no sign of cell death and
detachment. Fibroblasts still maintained their girowafter 1 day incubating in the present of
fibrin gel. It was found that the cells proliferdtevell, and tended to be closer to each other
(Figure 6B). This result showed that fibrin did wause acute toxicity to fibroblasts.
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Figure 6.Fibroblasts were cultured in the present of diffiér@aterials. A: latex, B: fibrin gel (x100).
3.5. Proliferaton of hDPSCs on fibrin gel
3.5.1. Observation of cells under optical microseop
hDPSCs were isolated and cultured as previous stutllished by the same authors [6].

Morphology of hDPSCs at P4 generation was charaettras spindle-shaped, 80 - 100 um in
length, and 15 - 20 um in width, which was simitathe previous results (Figure 7).

Figure 7. Human dental pulp stem cell. A: Primary cultuedisc(x100); B: Cells at P4 generation (x200).

hDPSCs were seeded in fibrin gel when fibrin ged waliquid form. Accordingly, the cells
were suspended in fibrin solution. After aroundr@i@utes, the gel form of fibrin was obtained,
and captured the cells inside it.

After culturing for 1 day, cells inside fibrin gelere observed to be elongated shape with
spreading branches. On the following days, celimginowas detected inside fibrin gel (Figure
8A). SEM image illustrated morphology of hDPSCstlea surface of fibrin gel. On the L #lay,
fibrin gel containing cells was found to disinteigrainto small pieces. This degradation
continued in the following days, however, fibrinl géd not completely degrade after 15 days,
and degradation was not observed in the fibrin ageltaining cells. This result showed that
fibrin was a biodegradable material, and its degtiad can be stimulated by the cells inside.
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Figure 8.Morphology of hDPSCs when cultured in fibrin gelL(9).
A: optical microscope obsevation, B: SEM image.

3.5.2. Evaluation of cell proliferation in fibrineg

MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetzalium bromide) is a yellow substrate.
In living cell, MTT is oxidized by mitochondrial egme, and formed formazan crystals. In dead
cells, crystals are not formed. Formazan crystassaluble in DMSO, and optical density (OD)
of the final content can be measured at a waveheoigb95 nm. The more crystals are formed,
the higher optical density is detected, which iatks there are more living cells.

After adding MTT solution into culture medium, plerystals are formed inside the cells.
After 4 hours, the crystals break cell membrane fzenk similar shape of cells. From the first
day to the 11 day, the number of crystals increased in fibrif) bat decreased from the 11
day to the 18 day. This result is shown in Figure 9 and Figwe 1

Figure 9.MTT crystals formed in the cell cultured in fibrgel during days of investigation.
A: the first day, B: the7day, C: the 1 day (x100).
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Result from the diagram (Figure 10) shows that:

OD of day 3 was higher than OD of day 1, howevés Was not a big change, because the
cells needed a time to recovered after being tleatth enzymes and centrifugation, therefore
cell division was not signifcant, growth rate rened slow.

From day 3 to day 9, the number of cells increabgdday (statistically significant
difference), which proved that cells proliferatétbegly during the time from day 3 to day 9.
This period of time was determined as the log pludiseell population when cell division and
metabolism process occurred the most powerful.hEamore, three-dimensional structure of
fibrin provided advantages of special aspect amiaguiate self-supplied nutrients for rapid cell
proliferation.
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10. Diagram of Optical density (OD) conducted whenuitttg cells in fibrin gel.

From day 9 to day 11, proliferation threshold watednined, cell population entered the
balance phase, cell division and metabolism rateest to decrease. OD values reduce from day
11, and a sharp drop of OD value was found on 8fe The reason was that culture space no
longer satisfied the outgrowth of cells, resultingnitiation of contact inhibition. This was the
decline phase of cell population.

Fibrin gel was capable of maintaining and providiagpropriate conditions for cell
proliferation. hDPSCs was able to grow well in fiein scaffold, and peaked about on day 9,
which was considered to be similar with the studiei<olenmainen and Ahmed K [10, 11].

4. CONCLUSIONS

Fibrin gel can be prepared from a combination dblagous plasma and 0.8 Ca@to
various designed shapes, its pore size was 30-6@jameter of fibrin fiber was determined as
0.5 um. Fibrin gel did not cause acute toxicity aots human fibroblasts, and provided a good
support for the proliferation of hDPSCs. Therefdiibrin gel is potential to be applied in
restorative dentistry.
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TOM TAT

NGHIEN CUU TAO GEL FIBRIN TU' MAU NGOAI VI LAM KHUNG CH UA TE BAO
GOC TUY RANG NGUOI

Tran Lé Bio Ha

Truwong Pai hoc Khoa lvc Ty nhién,PHQG-HCM
227 Nguyn Van Cir, pheong 4, qén 5, Thanh pb Hé Chi Minh, Vit Nam

Email: tibha@hcmus.edu.vn

Nghién @u cac plrong phap phc hoi tay rang tén’thmng la hréng nghién &u co y
nghia thrc € va dangdugc quan tam mmh ng tai cac quc gia phéat tén trén tk¢ giéi trong
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nhitng nim gin day. Tai Viét Nam, cac nghiénuu trong inh wc nay \in con khiém an.
Nghién ¢ru naydugc tién hanh nhm danh gla 8 tang tnrong aia £ bao gc tay ring trén gel
fibrin hudng i viéc ung ding phic hop % bao gc tuy rang - gel fibrin trong phc hoi tay
rang. Dung dch fibrinogendugc thu nfin tr mau ngoi hién ting, dugc két hop voi CaCl
0,8 M (ti 1¢ 40 : 1)dé tao thanh gel fibrin. Gel fibrirtugc xacdinh diu tric b bing nhiym
HE, kich thréc i bang kinh hén vi dién tr quét, kf niang phan ky trong huyt twong king
cachdo khbi lugng mbi ngay trong 7 ngay. Said, gel fibrindugc dit trong mdi trdng nudi
nguyén bao@ dé danh giadoc tinh dp tinhdéi véi té bao. & bao @c tiy ring duoc nudi
trong gel fibrin Wi mat 46 10* té /cn. Sy phét ting sinh & baoduoc danh gia Bng phrong
phap MTT ndi ngay va tn hanh liéndc trong 11 ngay. Kt qua cho thy gel fibrin d& duoc
tao ra ir huyét tvong sau 20 phuatdi higu qui 100 %, kich thée 16 khaang 30 - 60 pm,
duong kinh i 0,5 pm, gel fibrin cé kinnang ©n tai trong huyt twong 7 ngay va khéng gay
doc cap tinh cho & bao. E bao gc tay ring #ing trong ot trong gel fibrin chodi ngay 9 va
giam dan cho bi ngay 11, nat do t¢ bao ngay cao rih cao dp khaing 12 hn so i mat do
ban dau. Nhing két qua thu nhin dugc cho thy gel fibrin cé tit dugc sr dung lam khung
chira € bao @c tuy ring nlim @ng ding trong nha khoa pie hoi.

Tur khoa:gel fibrin, khung, ¢ bao @c tiy ring ngroi, nha khoa phc hoi.
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