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Influence of B Vitamins on Proliferation
and Differentiation of Osteoblastic Bovine
Cell Cultures: An In Vitro Study
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Abstract Minerals and vitamins affect bone formation, genetics, nutrition, and
hormones. Studies mainly focus on the elucidation of the metabolic pathways dur-
ing biomineralization to get an idea of how to promote the process of biomineraliza-
tion in vivo and in vitro. One qualified approach to reach this is to investigate the
influence of different substances on the proliferation and differentiation of osteo-
blastic cell cultures in vitro. The aim of this study was to investigate the effects of
different types of single B vitamins (B, By, and B;,) and a vitamin B complex (B,
B,, B, Bs, B, By, and Bj,) on proliferation and differentiation of primary bovine
osteoblastic cells in vitro. The proliferation of osteoblastic cells during the experi-
ments was evaluated by cell number analysis while cultivating. The expression of
marking proteins of the osteogenic differentiation was evaluated by immunohisto-
chemistry. Previous experiments with seven different B vitamins in different con-
centrations revealed a positive effect on cell proliferation with increasing
concentration caused by three B vitamins: pyridoxal (Bg), folic acid (By), and cobal-
amine (B;,). The use of vitamin B¢, By, and B, in different concentrations resulted
in a significant increase of cell proliferation (p < 0.05). But neither the B vitamins
nor the B vitamin complexes stimulated the expression of the typical bone cell
proteins.
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13.1 Introduction

Focussing on the rapid development of implant- and bone-substitute materials as
well as their integration in autologous tissue and optimized wound healing pro-
cesses, it gets more and more important to give well-known therapies new perspec-
tives. For a better adaption of implants in surrounding tissue, not only material’s
biocompatibility but also bone regeneration as a part of wound healing becomes
subject of scientific research. Many existing therapies on bone regeneration dealing
with vitamin D and calcium supplementation are well established (Avenell et al.
2014; Javed et al. 2016; Vandenbroucke et al. 2017). The effect of some other single
vitamins or vitamin complexes is already investigated (Masse et al. 2010; Elste
et al. 2017). Nevertheless, the effects in direct supplementation with vitamins in
bone defects on bone regeneration are not completely understood yet (Owen et al.
1990; Herrmann et al. 2013).

13.2 Materials and Methods

For the experiments, two different cell culture mediums were used:

(a) Medium MP (High Growth Enhancement Medium without L-glutamine, MP
Biomedicals GmbH, Eschwege, Germany) and

(b) Medium PAN (High Growth Enhancement Medium without L-glutamine and
without B vitamins; PAN Bio-Tek, Bad Frierdrichshall, Germany).

Both mediums were supplemented with 4% FCS (fetal calf serum) (Biochrom,
Berlin, Germany), 10.000 IU/ml penicillin, 10.000 pg/ml streptomycin, 250 pg/ml
amphotericin B, and 200 mM L-glutamine (Biochrom KG Seromed, Berlin,
Germany). Primary bovine osteoblast-like cells were used in this study. The cells
were derived from the periosteum of calf metacarpus according to the instructions
of Jones and Boyde (1977). Tissue explants were cultured for 4 weeks in medium
MP supplemented with 10% FCS, 10.000 IU/ml penicillin, 10.000 pg/ml strepto-
mycin, 250 pg/ml amphotericin B, 10 mM B-glycerophosphate, and
200 mM L-glutamine (Biochrom KG Seromed, Berlin, Germany), at 37 °C and 5%
CO, in humidified air. The medium was replaced once a week. When cells reached
confluence, they were harvested (20 min incubation at 37 °C with 0.4 g collagenase,
98.8 mg nutrient mixture (HAM’s F — 10) in 10 ml HEPES (2-[4-(2-hydroxyethyl)-
1-piperazinyl] ethane sulfonic acid), repeatedly washed with phosphate-buffered
saline (PBS), subsequently incubated for 15 min, and centrifuged. Pellets were
resuspended in PBS and the cell number was determined in a cell counter (CASYWI
Modell TT, Schirfe System, Reutlingen, Germany). Osteoblasts (10.000/cm?) were
seeded on 24-well plate plastic petri dishes (Nunc TFS, Roskilde, Denmark) with
different mediums and B vitamin concentrations. Cell proliferation was determined
after 1, 3, and 5 days, respectively. Cell morphology evaluation was performed by
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means of light microscopy. To determine the cell number, digital photos were taken
under standardized conditions and cells were counted using the software program
ImageJ with the plug-in Cell Counter. The experiments were repeated six times and
all data were analyzed using one-way analysis of variance and post hoc Scheffé
Test. As basic level of vitamin complex, the standard concentration of included B
vitamins in medium MP was used (4 mg/l thiamine, 0, 4 mg/l riboflavin, 4 mg/I
niacin, 4 mg/1 pantothenic acid, 4 mg/l pyridoxal, and 4 mg/I folic acid). This con-
centration was called medium MP, and served as negative control for each group.
Vitamin concentration was increased to achieve different concentrations (from
basic level up to fourfold concentration) and called MP,—MP; (Table 13.1). Vitamin
B, was not included and only solely added to medium MP. Based on medium PAN
without B vitamins, single B vitamins were also added in different concentrations
(from 4 to 12 pg/ml) (Table 13.1). Medium PAN without any B vitamins was
called PAN, and was used as negative control for all experiments with medium
PAN. An increase in cell number after 3 and 5 days was observed in all test groups
(Figs. 13.1 and 13.2). For cell differentiation, collagen I, osteonectin, and osteo-
calcin were assessed by immunohistochemistry (Dako EnVision System, Dako,
Hamburg, Germany) under standardized conditions with fluorescence microscopy

Table 13.1 Different B-vitamin concentrations in pg/ml for (a) medium MP, MP, = standard B
vitamin concentration (negative control), MP, = double concentration of vitamin, MP, _ triple
concentration of vitamin, MP; = fourfold concentration of vitamin and (b) medium PAN, PAN, =
without vitamin (negative control), PAN, = 4 pg/ml, PAN, = 8 pg/ml, and PAN; = 12 pg/ml vitamin

Medium/vitamin B1 B2 B3 B5 B6 B9 B12
MP, 4 0,4 4 4 4 4 0
PAN, 0 0 0 0 0 0 0
MP, B6 4 0.4 4 4 8 4 0
MP, B6 4 0,4 4 4 12 4 0
MP; B6 4 0,4 4 4 16 4 0
MP, B9 4 0.4 4 4 4 8 0
MP, B9 4 0,4 4 4 4 12 0
MP; B9 4 0,4 4 4 4 16 0
MP, B12 4 0.4 4 4 4 4 8
MP, B12 4 0,4 4 4 4 4 12
MP; B12 4 0,4 4 4 4 4 16
PAN, B6 0 0 0 0 4 0 0
PAN, B6 0 0 0 0 8 0 0
PAN; B6 0 0 0 0 12 0 0
PAN, B9 0 0 0 0 0 4 0
PAN, B9 0 0 0 0 0 8 0
PAN; B9 0 0 0 0 0 12 0
PAN, B12 0 0 0 0 0 0 4
PAN, B12 0 0 0 0 0 0 8
PAN; B12 0 0 0 0 0 0 12
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Fig.13.1 Cell proliferation with B vitamin complex and single B vitamins in medium MP. Medium
MP with B vitamin complex was used with different single vitamin B concentrations over 5 days.
All groups started with nearly the same cell number at day 1 p < 0.05 (data not shown). An increase
in cell number after 3 and 5 days was observed in all groups

(Axioplan 2, Carl Zeiss, Germany) and processed using AxioVision 3.1 software
(Carl Zeiss, Germany).

Sixty thousand osteoblasts/cm? were seeded in 100 x 20 mm plastic petri dishes
(TPP, Trasadingen, Schweiz). After cultivation for 14 days at 37 °C in an atmo-
sphere of 5% CO, in the different media, osteoblastic cells were fixed with methanol
and primary antibodies were used (diluted 1:100 with Blocking Solution): anti-
collagen I (Biotrend, Cologne, Germany), anti-osteocalcin (TaKaRa Bio, MoBiTec,
Goettingen, Germany), and anti-osteonectin (TaKaRa Bio, MoBiTec, Goettingen,
Germany). Digital images were taken under standardized conditions by fluores-
cence microscopy (Axioplan 2 Carl Zeiss, Germany) and processed using the soft-
ware AxioVision 3.1 (Carl Zeiss, Germany).

13.3 Results and Discussion

Proliferation of osteoblastic cells during the experiments was evaluated by cell
number analysis during culture. Expression of marking proteins of osteogenic
differentiation was assessed by immunohistochemistry. Proliferation and
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Fig.13.2 Cell proliferations with single B vitamins in medium PAN. Medium PAN was used only
with different single vitamin B concentrations over 3 and 5 days. All groups started with nearly the
same cell number at day 1 p < 0.05 (data not shown). An increase in cell number after 3 and 5 days
was observed in all groups

differentiation of osteoblasts enable the production of extracellular matrix (ECM)
and is therefore the initial step in the formation of calcified tissue, especially bone.

This study mainly focuses on the elucidation of the metabolic pathways during
biomineralization to get an idea of these processes in vivo and in vitro. Previous
experiments with seven different B vitamins in different concentrations revealed a
positive effect on cell proliferation with increasing concentrations caused by three
B vitamins pyridoxal (B), folic acid (By), and cobalamine (B,,) (Dhonukshe-Rutten
et al. 2003; Swart et al. 2016).

Characteristics of the B vitamins are:

e Essential nutrients that must be added to the body for normal cell formation,
growth, and development

e Catalyzing and regulatory functions as cofactors and enzymes

e Being water-soluble, without danger of hypervitaminosis when overdosed

Under the conditions of the present study, the use of vitamin By, By, and B,
in different concentrations resulted in a significant increase of cell proliferation
(p < 0.05). The negative control groups MP, and PAN, differed significantly
from all other groups MP, ,; and PAN, ,; (p <0,05) (Table 13.1, Figs. 13.1, 13.2,
and 13.3).
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Fig. 13.3 Osteoblastic cells (a) after 3 days of incubation medium PANy; (b) after 3 days of incu-
bation medium PAN; (with vitamin By); (¢) after 5 days of incubation medium PAN,, (d) after
5 days of incubation medium PAN; (with vitamin By)

Finally, supplementation of certain vitamins in an appropriate concentration sig-
nificantly increased proliferation and improved growth of osteoblast-like cells.
Probably, this increased cell growth leads to a superior wound healing and bone
regeneration.

Using vitamin culture media to enhance proliferation and collagen formation
(Herrmann et al. 2007) of osteoblast-like cells during culturing seems to be quite
reasonable.

During different stages of differentiation, several proteins are synthesized by the
osteoblasts (Roach 1994; Kim et al. 1996):

(a) Collagen type I, the main component of the ECM
(b) Non-collagenous proteins like alkaline phosphatase
(c) Osteonectin

(d) Later in the differentiation progress osteocalcin

While collagen type I as well as the protein marker osteonectin could be detected by
immunohistochemistry at the end of the experiments (Fig. 13.4), none of the cell
cultures showed any signs of osteocalcin expression. Neither the B vitamins nor the
B vitamin complexes significantly stimulated the expression of the typical bone cell
proteins.

Supplementation of other vitamins, e.g., ascorbic acid, supports the synthesis of
collagen, and the ECM (extracellular matrix) (Urban et al. 2012) seemed to have a
positive effect compared to vitamin-free cultures (Najeeb et al. 2016; Fratoni and
Brandi 2015; Zhaoli Dai and Koh 2015). Bioactive vitamins placed on implant sur-
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Fig. 13.4 Immunohistochemical analyses of collagen (primary antibody “anti-collagen I
(Biotrend, Cologne, Germany)”) in medium PAN with single vitamins By, By, and B,

face may positively affect wound healing due to direct transmission into surround-
ing tissue. Mixing those vitamins into bone-substitute materials could be another
beneficial aspect in bone regeneration by diffusion into the wound (Bartold et al.
2016). Further investigations should follow with the aim to increase supportive
effects of vitamins on biological processes such as wound healing, bone regenera-
tion, and revised healing of bone implants.
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