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Introduction: Tissue engineering is being redesigned through promising studies that

present great potential to create biomaterials capable of forming functional tissues. The

cellular expansion and integration depends very much on the quality and adequacy of the

surface of the scaffold being determinant for the success in the biological implants. The

objective of this research was to characterize and evaluate in vitro the behavior of rabbits

Bone Marrow Mesenchymal Stem Cells (BMMSC) when associated with Bacterial Cellulose

Membrane (BCM) verifying the adhesion, expansion, cells integration into the biomaterial

and the capacity macrophage activation as well as the evaluation of the bacterial cellulosic

membrane cytotoxicity and toxicity. Materials and methods: Samples of rabbit bone

marrow and mesenchymal stem cells were collected and mesenchymal stem cells were

isolated from the medullary aspirates for fibroblast colony forming unit (CFU-F) assays,

osteogenic and chondrogenic cellular differentiation induction, cellular integration study to

the bacterial cellulosic membrane by Scanning Electron Microscopy (SEM) in the time

interval of 1, 7 and 14 days as well as cytotoxicity (NO induction), BCM toxicity (MTT) and

phagocytic activity. Results: The CFC-F assay showed cells with fibroblastoid morphology

organized in colonies distributed across the culture area surface. In the growth curve two

phases (lag and log) were observed in the course of 15 days. The cells multipotentiality

was evident after osteogenic and chondrogenic lineages induction. Regarding the BMMSC

bioelectrical integration to BCM, in the first 24 hours, the BMMSC were anchored in the

BCM. On the seventh day of culture the cytoplasm was scattered and on fourteenth day

the cells were fully integrated into the biomaterial. In the phagocytic activity assay there
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was a significant macrophages activation and for the nitric oxide concentrations and MTT

analysis no cytotoxic biomaterial was observed. Conclusion: The bacterial cellulosic

membrane allowed the bone marrow progenitor cells expansion and biointegration with

stable cytotoxic profile thus presenting itself as biomaterial with potential for tissue

engineering.
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26 Introduction: Tissue engineering has been redesigned by promising studies, presenting a great 
27 potential to create biomaterials capable to develops functional tissues. The cellular expansion 
28 and integration depends the quality and scaffold surface determinant factors for the success 
29 biological implants. The objective of this research was characterize and evaluate in vitro 
30 characteristics  of rabbits Bone Marrow Mesenchymal Stem Cells (BMMSC) associated with 
31 Bacterial Cellulose Membrane (BCM) the propose was verify the adhesion, expansion, cells 
32 integration into the biomaterial and the capacity of macrophage activation as well as the 
33 evaluation of the bacterial cellulosic membrane cytotoxicity and toxicity.
34 Materials and methods: Samples of rabbit bone marrow were collected. Mesenchymal stem 
35 cells were isolated from the medullary aspirates in order to obtain fibroblast colony forming unit 
36 (CFU-F) assays. Osteogenic and chondrogenic cellular differentiation induction was done. 
37 Cellular integration study to the bacterial cellulosic membrane by Scanning Electron Microscopy 
38 (SEM) using 1, 7 and 14 days interval also were done as well as cytotoxicity (NO induction), 
39 BCM toxicity (MTT) and phagocytic activity.
40 Results: The CFC-F assay showed cells fibroblastoid morphology organized in colonies and 
41 distributed across the culture area surface. In the growth cells curve, were detected two phases 
42 (lag and log) were observed on 15 days. The cells multipotentiality was evident after osteogenic 
43 and chondrogenic lineages induction. Regarding the BMMSC bioelectrical integration to BCM, 
44 on the first 24 hours, the BMMSC were anchored in the BCM. On the seventh day of culture the 
45 cytoplasm was scattered and on fourteenth day the cells were fully integrated into the 
46 biomaterial. About phagocytic activity assay there was a significant macrophages activation and 
47 for the nitric oxide concentrations and MTT analysis no cytotoxic biomaterial was observed.
48 Conclusion: The bacterial cellulosic membrane allowed the bone marrow progenitor cells 
49 expansion and biointegration with stable cytotoxic profile thus presenting itself as biomaterial 
50 with potential for tissue engineering.
51 Subjects: Biotechnology, Cell Biology, Engineering Tissue, Translational Medicine.
52 Key-words: Stem Cells; Tissue Engineering; Culture Techniques; Biocompatible Materials; 
53 Cellulose.
54

55 Introduction

56 Researchers have been studying bone marrow mesenchymal stem cells, the cells 

57 applicability in regenerative medicine and improving methodologies presented a greater 

58 effectiveness (Dimarino, Caplan & Bonfield, 2013; Wei et al., 2013; Li et al., 2016).

59 The mesenchymal stem cells use appears promising in the regenerative medicine field. 

60 On the other hands, these studies developed, were investigations involving cardiovascular events 

61 (Castellanos et al., 2016), immunological dysfunctions (Kaplan, Youd & Lodie ,2011; Zao, Ren 

62 & Han, 2016), bone repair (Emmet et al., 2016), cartilaginious and intervertebral disc (Blanquer, 

63 Grijpma, Poot, 2015), tendinosis (Peach et al., 2017), hematological malignancies (Wang, Qu & 

64 Zhao, 2012), among others (Squillaro, Peluso & Galderisi, 2016; Schnitzler et al., 2016;). 

65
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66 The tissue engineering comprises a promising multidisciplinary field that involves 

67 materials development or devices capable of specific interactions with biological tissues (Langer 

68 & Vacanti, 2016). The researches expansion in this area has accentuated the search for subsidies 

69 to suport the stem cells biocompatibility in biopolymers to attend in vitro tissues develops to 

70 replace injured areas.

71 In the last years a wide variety of biomaterials has been developed showing different 

72 physico-chemical and mechanical properties for biomedical purpose. These including tissue 

73 regeneration, drug delivery systems, new vascular grafts or in vitro and in vivo tissue engineering 

74 supports (Lin, Lien & Yeh, 2013; Yan et al., 2013; Soheilmoghaddam, Sharifzadeh & Pour, 

75 2014; Zulkifli, Hussain & Rasad, 2014; Pires, Bierhalz & Moraes, 2015; Kim & Kim, 2015; 

76 Urbina, Algar & García-Astrain, 2016).

77 The scaffold success (3D framework) in tissue engineering depends in part of the cellular 

78 interest in surface contact determining how this material can be biointegrable and/or 

79 biodegradable. The scaffold surface can generate cellular responses, affecting the adhesion, 

80 proliferation, migration, biointegration and cellular function. This interaction presents an 

81 extreme importance in the medical implants effectiveness being able to define their degree of 

82 rejection (Abbott & Kaplan, 2016; Achatz et al., 2016).

83 In tissue engineering the bacterial cellulose supported the researches interest because it is 

84 an abundant biopolymer in nature with biodegradability and able to be synthesized by several 

85 bacteria adding the low cost in its manufacture. The nanofibrils formed between 20-100nm. 

86 Their which intertwine forming a network and allied to its molecular structure, giving its high 

87 hydrophilicity. Many biomedical researches have already used the bacterial cell membrane in 

88 vitro, in preclinical studies such as drug, hormone and protein release system, artificial skin (Fu, 

89 Zhang & Yang, 2013), cartilage (Cruz, Severo & Azzolin 2016), meniscos (Achatz, Kuat & 

90 Pfeifer, 2016), invertebral disc (Flávaro, Arruda & Vialle 2016), valvular prosthesis, artificial 

91 cornea and urethra (Rajwade, Paknikar, & Kumbhar, 2015). However it9s necessary to deepen 

92 the Bacterial Cellulosic Membrane (BCM) biointegration and biodegradation knowledge when 

93 associated with Bone Marrow Mesenchymal Stem Cells (BMMSC). 

94 This research propose was characterized and evaluated in vitro the rabbit BMMSC 

95 behavior when associated with BCM checking the adhesion, expansion,  cellular integration into 
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96 the biomaterial and the activation macrophages capacity besides the BCM cytotoxicity and 

97 toxicity.

98

99 Material and Methods

100 Study Design

101 A one year old male New Zealand rabbit considered clinically healthy, was used for the 

102 isolation procedure of BMMSC. A mouse Mus muscles was used as a peritoneal machophages 

103 source. For the cellular viability determination trypan blue and subsequent graphical 

104 representation in the growth curve were done. For the fibrolastoid colony forming units (CFU-F) 

105 assay were used cells collected from the bone marrow cultured in petri dish in the sixth passage. 

106 For the differentiation potential in mesenchymal lineages study were used the means of 

107 chondrogenic and osteogenic inductionic. In the verification of BMMSC biointegration to BCM 

108 confocal microscopy and Scanning Electron Microscopy (SEM) were used and to analyze the 

109 BCM phagocytic capacity, toxicity and cytotoxicity were used peritoneal macrophages. This 

110 study was carried out in strict accordance with the recommendations of the Guide for the Care 

111 and Use of Laboratory Animals of the National Institutes of Health. The protocol was approved 

112 by the Ethics Committee on the Use of Animals of the Federal University of Piauí (Permit 

113 Number: 268/16).

114 Anesthetic protocol for bone marrow collection

115 After solid anesthetic fasting of 4 hour and 2 hours of liquids, the rabbit was chemically 

116 restrained with a combination of 35 mg / kg of Ketamine Hydrochloride and 3 mg / kg of 

117 midazolam maleate. Was performed the major trochanter region trichotomy, antisepsis followed 

118 by femoral puncture with a 5mL syringe, 40x12mm needle previously heparinized to obtain a 

119 Bone Marrow (BM) sample. The aspirate was conducted to unidirectional laminar flow (VECO 

120 FUH 12) for BMMSC. For antibacterial prophylaxis, 10 mg / kg of enrofloxacin were given 

121 twice a day for 7 days and 25 mg / kg of Sodium Dipyrone plus 3 mg / kg of tramadol were 

122 administered twice daily for 3 days for pain control.

123 BMMSC rabbit isolation, cultivation and expansion 

124 The medullary aspirate of 1.5mL was diluted in PBS (Phosphated Buffered Salin) in a 
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125 ratio of 1:1 in 50mL conical tubes. The resulting contents were filtered in 100¿m meshes and 

126 deposited in a 15mL conical tube containing Ficoll® (Ficoll Histopaque, SIGMA® no. 

127 17544652) in a ratio of 1:1 (1 of Ficoll® to 1 of bone marrow) and centrifuged at 1,500 rpm for 

128 10 minutes at 20 °C aiming at the cellular constituents separation by density gradient.

129 The whitish halo, rich in mononuclear cells, was aspirated with an automatic pipettor 

130 (Houston®) and immediately diluted in sterile PBS with 1% antibiotic (100 U / mL penicillin, 

131 100 ¿g /mL streptomycin) for cell lavage and re-centrifuged at 1,500 rpm for 10 minutes at 4ºC. 

132 Bone marrow samples were resuspended in complete (Invitrogen® low glucose, 11995065) 

133 Dulbecco's Modified Eagle's (D-MEM) growth medium, containing 3.7 g / L sodium bicarbonate 

134 and 10-15 mM HEPES (Invitrogen® Nº. 15630080), pH 7.5, 15% fetal bovine serum (Invitrogen 

135 Corporation, no. 16000-044), 1% penicillin streptomycin, 1% L-glutamine (Invitrogen® no 

136 25030081) and 1% non-essential amino acids (Sigma® nº M7145) and thus a cell viability 

137 assessment was performed. For this purpose a 50¿L aliquot of each sample was diluted in 50¿L 

138 Trypan Blue dye 0.2% (Invitrogen® nº 15250061) and homogenized in a sterilized glass vial for 

139 further cell counting in the Neubauer chamber.

140 The cells were seeded in a six-well cell culture plate (TPP®) at density of 106 cells/well 

141 in 2.0mL of DMEM Low Glucose culture medium supplemented, kept in an incubator (Thermo 

142 Scientific Series II Water Jacket) at 37ºC in 5% CO2 and 95% humidity. The wells were washed 

143 twice every 3 days with PBS solution containing 1% antibiotic (100U/ml penicillin, 100¿g/ml 

144 streptomycin) followed by the cell culture medium complete exchange until cultures reaching 

145 80% confluence. Subsequently, the culture wells were subjected to trypsinization with 2.0mL 1x 

146 trypsin (Invitrogen®, nº 25200-114, 10x Trypsin-EDTA solution) and incubated at 37°C for five 

147 minutes. After this period the trypsin action was inactivated with addition of 4.0mL of D-MEM 

148 Low Glucose medium supplemented. The solution was transferred to a 15mL conical bottom 

149 tube and centrifuged (FANEM refrigerated Cytocentrifuge MOD.280R Excelsa 4) at a 

150 temperature of 20ºC and 1,500rpm for 10 minutes.

151 The supernatant was completely discarded, the pellet resuspended in 1.0 mL of full D-

152 MEM, and a new cell count was performed. These cells in suspension were used for cell 

153 expansion. For this purporse were plated 106 cells / mL in 25 cm2 tissue culture bottles with 

154 3.0mL of supplemented DMEM culture medium. These were incubated at 37ºC in 5% CO2 and 
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155 95% humidity. The cultures were expanded and photographed under an inverted phase contrast 

156 microscope (COLEMAN NIB-100®) and peaked with twice the original area, and the cell 

157 concentration was checked at each passage.

158 Cell viability assessment

159 The cell count which determines the samples concentration and viability was performed 

160 using the Trypan Blue exclusion method. After addition and homogenization of 30¿L of the cell 

161 suspension in 30¿L of the Trypan Blue solution (50¿L of 4.25% sodium chloride in 200¿L of 

162 Trypan Blue), a 10¿L aliquot in Neubauer Chamber was observed under an optical microscope 

163 10x objective). The BMMSC growth curve was performed in duplicate by sowing the 

164 concentration of 1 x 104 cells/mL in five six-well plates counting two wells every 24 hours in the 

165 course of 15 days. The culture medium of the plates was changed every 3 days to maintain 

166 nutrient availability.

167 Fibroblastoid colony-forming unit assay

168 After plating 1x106 cells/mL of the BMMSC rabbit fraction, culture media exchanges 

169 were carried out the culture medium exchanges until the well delimited colonies maximum 

170 formation in the Petri plate surface 90x15mm. The plate was observed daily for the colonies 

171 formation with more than 30 cells. Cells were fixed with 4% paraformaldehyde for 30 minutes 

172 and stained with Giemsa for 10 minutes at the local temperature washing the excess with 

173 distilled water. The colonies were observed and counted macroscopically on the Petri dish 

174 surface.

175 Cell differentiation 

176 The cell differentiation potential analysis was performed with BMMSC samples in the 

177 sixth passage (P6) cryopreserved in liquid nitrogen for 12 months. They were thawed and sown 

178 in 25cm² bottles for cell expansion until reaching 80% confluence. After that period the culture 

179 was trypsinized and seeded at the concentration according to protocol established by the 

180 manufacturer for chondrogenic and osteogenic differentiation. 

181 For chondrogenic cell differentiation, 3x105 well cells were seeded in the 96-well plate. 

182 After 48 hours the spheroid bodies formation was observed and then the culture medium 

183 replaced by the Stem Pro Chondrogenesis Differentiation Kit. The medium exchange was 
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184 maintained every three days during the 21 day period. The analysis was performed on 

185 histological sections with blades stained with Alcian Blue.

186 In the osteogenic differentiation assay, 6x104 cells were seeded in a 24-well plate. 

187 Initially, the supplemented culture medium was removed and replaced with the osteogenic 

188 induction medium, changed every 3 days during the 21 day period.  During this period cells 

189 present in the culture morphological characteristics were evaluated. After osteogenic 

190 differentiation detection the cell evaluation was performed by Alizarin Red staining that 

191 identifies the calcium rich extracellular matrix, characteristic of the osteoblasts presence.

192 The cell monolayer was washed with PBS and fixed with 10% AP for 30 minutes at room 

193 temperature when the AP was removed and the cell monolayer was washed with distilled water 

194 and covered with Alizarin Red for 5 min. Subsequently, the dye was removed and five washes 

195 were performed with distilled water, the calcium-rich extracellular matrix and the calcium 

196 amount deposit were recorded under an inverted light microscope.

197

198 Analysis of the BMMSC biointegration to BCM 

199 For the study of BMMSC expansion and biointegration to BCM was used the 

200 concentration of 2x104 cells in 12 well plates. They were cultured on BCM in three distinct times 

201 (1, 7 and 14 days). The BMMSC were fixed to BCM using 3% glutaraldehyde washed once with 

202 PBS and further dehydrated by slow water exchange using a series of ethanol dilutions (30%, 

203 55%, 70%, 88%, 96% and absolute) during 20 minutes at each concentration. For analysis by 

204 SEM (FEI Quanta FEG 250) the samples were fixed to the stub with double-sided carbon tape 

205 and taken to the dehumidifier for 2 hours and then metalized with gold.

206 Phagocytic activation

207 The phagocytic activity test was performed by collecting resident macrophages from the 

208 mouse peritoneal. The animal was euthanized by cervical dislocation after being reassured and 

209 sedated by intraperitoneal injection of a combination of xylazine hydrochloride (10 mg/ kg body 

210 weight) and ketamine hydrochloride (80 mg/ kg body weight). The macrophage removal was 

211 done in a laminar flow hood with the animal affixed to the dorsal decubitus position by 

212 administering 8mL of phosphate buffered saline (PBS 3 NaCl 145mM, Na2HPO4 9mM, 

213 Na2HPO4 1mM, pH 7,4), sterile at 4ºC in the abdominal cavity. Then the abdominal region was 

214 softly massaged and aspiration was performed using a needle coupled to a sterile syringe. Based 
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215 on the cellular viability morphological the cells were counted in the Neubauer chamber by the 

216 Trypan blue exclusion colorimetric method obtaining a minimum of 95% of living cells. Again, 

217 the cells were counted using Neutral Red to adjust the desired macrophages concentration (2 x 

218 105 cells/ml).

219 Peritoneal macrophages were plated per well and incubated on the bacterial cellulosic 

220 membrane. After 48h of incubation at 37 °C and 5% CO2, 10 ¿l of stained zymosan solution was 

221 added and then incubated for 30 min at 37 ° C. After this procedure, 100 ¿L of Baker's fixative 

222 was added to paralyze the phagocytosis process and after 30 min the plate was washed with 0.9% 

223 saline solution to remove zymosan and neutral red that were not phagocytized by macrophages. 

224 The supernatant was removed, 100 ¿L of extraction solution was added and after solubilization 

225 on Kline shaker the absorbances were measured at 550 nm in a Biotek plate reader (model 

226 ELx800).

227

228 Toxicity

229 For the toxicity analysis the nitric oxide (NO) induction test was performed. Peritoneal 

230 macrophages were plated in the amount of 2x105 per well and incubated with bacterial cellulosic 

231 membrane after 24 hours of incubation at 37°C and 5% CO 2. Supernatants cells were 

232 transferred to another 96 well plate for nitrite dosing. The standard curve was prepared with 

233 sodium nitrite in Milli-Q® water at varying concentrations of 1, 5, 10, 25, 50, 75, 100 and 150 

234 ¿M diluted in the respective culture medium. At the dosing time equal parts of the samples 

235 prepared to obtain the standard curve with the same volume of the Griess reagent (1% 

236 Sulfanilamide in 10% H 3 PO 4 (v: v) in Milli-Q® water, added in parts equal to 0.1% 

237 naphthylenediamine in Milli-Q® water) and the absorbances were read on the Biotek plate 

238 reader (model ELx800) at 550 nm as a positive control was used Lipopolysaccharide (LPS).

239

240 BCM Citotoxity 

241 The experiments were performed separately on 24-well plates. In the first plate 2x105 

242 macrophages were added in 500¿l of supplemented RPMI 1640 medium and 2x105 macrophages 

243 per well. In the second plate were added 1x105 of BMMSC in DMEM supplemented Low 

244 Glucose. The plates were incubated at 37°C and 5% CO2 for 4h for cell adhesion. Two washes 

245 were carried out with their respective means for nonadherent cells removal. Subsequently 500¿L 
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246 of each medium was added and then the bacterial cellulosic membrane (diameter 15.4mm) was 

247 added.

248 The macrophages plate was incubated for 48 hours and the plate with BMMSC for 7 

249 days, posteriorly added 10% MTT 5 mg/ml diluted in medium. They were incubated for another 

250 4h in a incubator at 37ºC with 5% CO2. The supernatant was discarded and 100 ¿l of DMSO 

251 was added to all wells. The BCM was removed and the plate was shaken for 30 minutes on Kline 

252 shaker (model AK 0506) at room temperature for complete dissolution of the formazan. The 

253 colorimetric reading was performed in a spectrophotometer at 550 nm in Biotek plate (model 

254 ELx800). In the control group the culture media and the respective cultured cells were used 

255 under the same conditions.

256 Statistical analyzes

257 For the phagocytic capacity analysis, cytotoxicity (MTT) and nitric oxide induction was 

258 used the T-Student test for independent samples and the GraphPad Prism version 5.0 software to 

259 construct the graphs. These tests were performed in triplicate.

260 Results

261 Immediately after the isolation the cells from the BM show to be rounded, dispersed and 

262 floating in culture medium. From the first day of culture it was possible to identify 

263 undifferentiated cells adherent to the plastic with fibroblastoid morphology. On the fifth day they 

264 were still in the adhesion process and on the tenth day they were adhered and arranged in 

265 colonies with 80% confluence in a 12-well plate (Fig. 1). After the first peal the cells reached 

266 confluence with greater velocity with a five day interval until the confluence of 80% in 25cm2 

267 bottles.

268 The cell cultures after thawing presented viability of 96%, assuming similar 

269 characteristics to the primary culture as to its morphology and maintenance of indifferentiation. 

270 The observed confluence time was superior to the first repechage of the primary culture. At 3 

271 days the culture showed 80% confluency. In the cell growth curve evaluation were identified two 

272 phases (lag, log) corresponding to the cells adaptation period to the culture conditions, the 

273 exponential growth period and the stability period with cell growth reduction. Cell concentration 

274 data were used to evaluate cell kinetics and are presented in figure 2.
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275 The fibroblastoids colonies proliferation and formation were evident on the 15th day of 

276 culture (Fig. 3). The colonies appears of varied sizes, surrounded by empty spaces, distributed 

277 throughout the Petri dish area on which macroscopically appear more than 400 colonies. The 

278 cells show well-defined cytoplasmic boundaries and nucleus with condensed chromatin regions, 

279 and the closer they are to each other, the more elongated cells are arranged parallel to each other 

280 (Fig. 4).

281

282 Differentiation in BMMSC mesodermal lineages

283 The cell differentiation assay showed the BMMSC potential to differentiate into 

284 chondrogenic and osteogenic strains. The culture induced by chondrogenic differentiation 

285 formed a tissue stained in vibrant blue by Alcian Blue and the control presented some 

286 spontaneous differentiation fields, cells with fibroblastroid morphology adhered to the culture 

287 plate and cytoplasmic integration (Fig. 5).

288 In the osteogenic induction the culture presented increased deposition of calcium in the 

289 extracellular matrix from the 13th day of culture. On the 21st day of induction the culture was 

290 very characteristic to osteogenesis. Confirmed after staining with Alizarin Red (Fig. 6A). The 

291 negative control showed adhered cells with morphology evidencing spontaneous differentiation 

292 foci (Fig. 6B).

293 BMMSC biointegration to BCM 

294 In the BCM-associated cell culture, BMMSC were adhered to the biomaterial with a 

295 fibroblastoid shape and the colonies proliferation and growth were evident at 14 days of culture 

296 (Fig. 7).

297 By means of SEM after 24 hours of cell culture it9s possible to observe that the cells 

298 rounded shape is still maintained these being subtly anchored to the BCM randomly arranged 

299 fibers. In the cultivation carried out for seven days they present themselves in groups forming 

300 colonies with several fixation points generating greater adhesion to the biomaterial. Micrographs 

301 recorded with 14 days of cell culture show the BMMSC with their cytoplasm fully integrated 

302 into the bacterial cellular membrane (Fig. 8).
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303 Macrophage activation and BCM cytotoxicity 

304 In the phagocytic activity assay the T-student test was performed to compare the 

305 absorbance resulting from the association of macrophages with cellulose and with the control 

306 group (macrophages in the presence of 0.2% DMSO in RPMI 1640 medium). It was observed 

307 that in the presence of the bacterial cell membrane the macrophages significantly increased its 

308 activity (Fig. 9).

309 The colorimetric reading of the nitric oxide release showed that the levels remained in a 

310 non-cytotoxic concentration for the cells in the presence of BCM (Fig. 10). The difference in NO 

311 release between control and BCM was statistically significant at p <0.05 (p-value 0.0184, t0.05-

312 critical: 2.6252) and between LPS and BCM, the difference was considered extremely 

313 statistically significant at p <0.05 p-value 0.0001; t0.05-critical: 11.1963).

314 The tetrazole salt (MTT), incubated with cells in full metabolic activity, showed intense 

315 mitochondrial activity (Fig. 11). In this trial, the MTT metabolism by BMMSC showed a 

316 statistically significant difference for p <0.05 (p-value 0.0001; t0.05-critical: 2.6252) but there was 

317 no statistically significant difference for p <0.05 (p-value 0.0628; t0.05-critical: 2,000) when 

318 compared to the control and bacterial cell membrane associated with murine macrophages. In 

319 both, cell viability was greater than 94% (Fig. 12).

320 Discussion

321 The BMMSC after isolation presented a rounded shape in the culture and in the cell 

322 adhesion and expansion process modified their morphology becoming fusiform gradually, 

323 proliferating parallel in colonies being perceptible the exclusion of hematopoietic cells in the 

324 medium exchanges. Similarly, Samsonraj et al (2015) state that MSCs adhere to favorable 

325 surfaces with rapid morphological changes, ranging from rounded to elongated shapes. For Ikebe 

326 & Suzuki (2014), adhesion to plastic is the first criterion for the characterization of MSCs. In this 

327 cellular adhesion phase, physicochemical connections occur between the cells and the contact 

328 surface, including ionic forces that rapidly alter the cell morphology and are evidenced after 1 

329 hour of culture (Pu & Komvopulos 2014; Wang & He 2016).

330 The disposition in fibroblast colonies is considered by Kisiel et al (2012), the second 

331 characteristic of MSCs. In this experiment the colonies formation was evident after 15 days of 

332 the beginning of the primary culture suggesting the occurrence of interactions without cellular 
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333 differentiation and therefore a self-renewal with the fibroblastoid morphology maintenance.

334 Regarding cell viability after thawing, the Lag phase was evident from the first to the 

335 fourth day of the growth curve, and the Log phase occurred between the fifth and eleventh day, 

336 with exponential mitotic divisions evident mainly between the ninth and eleventh day, and the 

337 decline in the number of cell divisions between the twelfth and fifteenth day. Seconda et al. 

338 (2015), defines the Lag phase as a relatively short stage characterized by the onset of cell 

339 proliferation factors release, the culture remains with the cell population without major 

340 modifications. Exponential cell growth (Log phase), second phase, in which the growth rate and 

341 duration depends on the medium used, physical conditions (light and temperature), type and cell 

342 size. Normally, when cell concentration becomes too high, nutrient depletion, carbon dioxide 

343 limitation and light (the shading phenomenon is created between cells) become the main causes 

344 of growth decline. When cellular metabolism can no longer be maintained, the cultures undergo 

345 apoptosis.

346 The differentiation ability in more than one mesenchymal lineage (chondrogenic, 

347 osteogenic and / or adipogenic) is an important MSCs multipotentiality feature being a 

348 fundamental requirement for its characterization (Wuchter, Wagner & Ho 2016). According to 

349 Kolf et al. (2015) the tissue formed by chondrogenic cell differentiation, when stained with 

350 Alcian Blue, acquires a vibrant blue color and, in the osteogenic differentiation process it9s 

351 possible to observe the gradual deposition of calcium in the extracellular matrix during the 

352 characteristic cell culture attributed to the osteoblasts presence. Evidence of this potential 

353 through Alizarin Red staining shows a fairly characteristic reddish coloration. In this study, cell 

354 culture using specific media for differentiation into mesodermal (chondrogenic and osteogenic) 

355 strains, demonstrated the rabbit BMMSC multipotentiality.

356 The cell adhesion and proliferation largely depends on the biomaterials surface 

357 characteristics, since interactions will occur on these surfaces that will drive the biological 

358 responses (Khayyen et al., 2016; CHAHAL, et al., 2016). In this experiment, cell culture showed 

359 at 7 days an organization in fibroblastoid format with tendency to cell grouping and in the 

360 analysis performed at 14 days, the BMMSC were presented in colonies and close to the total 

361 confluence of the BCM surface.

362 Through SEM it was verified that BM cells maintained their rounded shape on the BCM 

363 surface in the first 24 hours with few biomaterial fixation bridges. A delay in the BMMSC 
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364 anchoring to BCM was observed when compared to adhesion in culture plates, and this 

365 anchoring onset was evidenced in a few hours. For Silveira et al. (2016), the BCM nanofibers 

366 three-dimensional structure has an arrangement similar to that of the collagen fibers of the 

367 extracellular matrix, and a surface with different pores can provide variable time for cell 

368 adhesion to the biomaterial.

369 The BMMSC anchoring and proliferation to BCM was evident on the seventh day of 

370 culture with grouped cells and several cytoplasmic projections points in BCM. On the 14th day 

371 of culture an excellent BMMSC fixation with strong interaction with the biomaterial is 

372 evidenced. Thus corroborating with Alberti & Xu, (2016) and Santana, et al. (2014), the presence 

373 of cytoplasmic projections and normal cell morphology are factors that confirm the 

374 cytocompatibility between BCM scaffold and cells.

375 The equilibrium in the imunne system cells activation also reflect the tissue regenerative 

376 quality. Thus in the presence of the cellulosic membrane, the macrophages presented a 

377 statistically significant increase for p <0.05 (p-value 0.0002; t0.05-critical: 4.8118) in their activity 

378 when compared to the control group. For QIU, et al. (2016) clarifies that maintaining scaffold 

379 intact in the period of adhesion and cell proliferation is important for the regenerative process 

380 quality and architecture of the tissue to be repaired. Gradually the implantable biomaterial should 

381 biodegrade to give rise to the newly formed tissue without exacerbating an inflammatory 

382 response that compromises the repair quality thus the adequate inflammatory response of the 

383 host in specific situations makes the biomaterial compatible with its use.

384 The  bacterial cellulose (BC) degradability has not yet been fully elucidated. In animal 

385 and human tissues it9s considered limited due to the absence of hydrolases that rupture the ß 

386 (1,4) binding of the cellulose chain that is responsible for the solubility of the biomaterial 

387 (Oliveira, Rambo & Porto, 2013). Although the idea of a completely degradable scaffold is 

388 interesting from the point of view of tissue engineering there are still difficulties faced with 

389 materials with this property since the  degradation time synchronization and tissue repair 

390 combined with the mechanical properties acquired by the newly formed tissue lead researchers to 

391 believe that a material with a low rate of degradation may respond better when the cicatricial 

392 process requires more time-consuming conditions (Bhattacharjee, et al., 2015).

393 After inflammation, macrophages release nitric oxide (NO) as a way to eliminate 

394 pathogens. In addition, NO is known as a inflammatory response mediator inhibiting or inducing 

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.3329v1 | CC BY 4.0 Open Access | rec: 6 Oct 2017, publ: 6 Oct 2017



395 inflammation according to the concentration of NO released (Taraballi, et al., 2016). The 

396 colorimetric nitrite dosage produced by macrophages treated in the presence of the bacterial 

397 cellulosic membrane showed a non-cytotoxic concentration for the cells, approaching the value 

398 obtained in the control group.

399 The MTT test is a detection method and cell viability widely used to evaluate the MTT 

400 metabolism by the mitochondria of viable cells when being incubated with cells in full metabolic 

401 activity crosses the plasma membrane and, when coming in contact with the superoxide 

402 produced by the mitochondrial activity is reduced by succinate dehydrogenase present in MTT-

403 formazan mitochondria. The crystals formed are insoluble in water, however they are solubilized 

404 in DMSO medium and show violet coloration. Thus, cell viability is directly proportional to the 

405 intensity of staining (Toh, Yap & Lim, 2015). For Li, Zhou & Xu (2015), a material is 

406 considered non-cytotoxic and biocompatible when values for cell viability are greater than 70%. 

407 In this study, the MTT assay presented intense violet placement of the crystals, evidencing that 

408 BCM does not provide a toxic effect on the cells and, 94% cellular viability is considerably 

409 favorable for non-interference of cellular activity.

410 Conclusion

411 The expansion and cellular integration to the biomaterials greatly depends on the quality 

412 and suitability of the biomaterial surface. The bacterial cellulosic membrane allowed the 

413 adhesion, expansion and bone marrow stem cells biointegration maintaining the BCM 

414 cytotoxicity and toxicity considerably viable for cell culture. Macrophage activation and the 

415 BCM degradation velocity makes it an ideal biomaterial for slow healing processes in which 

416 reconstructed tissues require a scaffold with longer durability.

417 Considering the demonstrated interaction between BMMSC and BCM it can be stated 

418 that BCM is a promising biomaterial in tissue engineering and regenerative medicine. However 

419 it9s necessary to test the in vivo BCM implants behavior in diversified time periods.
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Figure 1

BMMSC culture and expansion photomicrography

(A) rabbit cells newly isolated from bone marrow in a 12-well plate (objective 4x, bar: 50¿m)

(B) cells in the adhesion process on the fifth day of cell culture performed on a plate 12 wells

(objective 20x, bar: 25¿m), (C) cells arranged parallel in fibroblastoid format with confluence

of 80% in the tenth day of cell culture in 12-well plate (objective 10x, bar: 50¿m), (D) and ( E)

cytoplasmic adhesion and expansion process with 80% confluence in 25cm2 bottle after

trypsinization and 15th day of cell culture (objective 10x, bar: 50¿m), (F) cells with

fibroblastoid morphology arranged in parallel and in colonies with 80% of confluence in

25cm2 bottle after trypsinization and 20th day of cell culture (10x objective, bar: 50¿m).
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Figure 2

Growth curve

Stem cells duplicate derived from rabbit bone marrow during 15 days after thawing cultured

at 1x104cel/ml concentration. The phases in evidence: LAG (1st to 4th day), LOG (5th to 11th

day) and culture decline (12th to 15th day).
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Figure 3

Fibroblastoid colony forming cell assay

Photomicrography of Giemsa-stained BMMSC colonies in Petri dishes 90x15mm after 15 days

of cell culture 80% confluence (objective 4x, bar: 50¿m).
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Figure 4

BMMSC colonies photomicrography

(A) colonies with more than 30 cells per field (objective 10x, bar: 50 ¿m), (B) colonies with

more than 30 cells per field in Petri dishes 90x15mm (objective 20x, bar: 25 ¿m).
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Figure 5

Photomicrographs showing BMMSC differentiation

(A) BMMSC chondrogenic differentiation (objective 20x, bar: 25 ¿m), (B) negative control for

14 day differentiation of chondrogenic (objective 10x bar: 25 ¿m).
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Figure 6

Photomicrographs showing BMMSC differentiation

(A) BMMSC osteogenic differentiation showing calcium rich deposition in the extracellular

matrix (objective 10x, bar: 25¿m), (B) negative control for osteogenic differentiation for 21

days (objective 10x, bar: 25¿m).
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Figure 7

BMMSC photomicrography adhered to the bacterial cellulosic membrane

(A) BMMSC adhesion after seven days of cell culture, highlighting the formation of CFC-F on

BCM (objective 20x, bar: 25¿m), (B) BMMSC colonies with 14 days of cell culture (objective

10x, bar: 50¿m).
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Figure 8

Scanning Electron Microscopy (SEM) showing BMMSC anchorage and biointegration to

the bacterial cellulose membrane

(A) and (B) analysis after 24 hours of cell culture, increase of 10,000x and 20,000x

respectively, (C) and (D) with seven (E) and (F) after 14 days of cell culture, 40,000x and

16,000x respectively.
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Figure 9

Zymosan particles phagocytosis by macrophages in the presence of bacterial cellulosic

membrane

The graph represents the mean ± standard error of the mean of three independent

experiments performed in triplicate (control: mean 0.28567, standard deviation 0.03161;

BCM: mean 0.36100, standard deviation 0.03474). ABS - Absorbance, C - Control and MCB -

Cellulosic bacterial membrane, * p <0.05.
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Figure 10

Colorimetric nitrite dosage produced by macrophages, treated with LPS and in the

presence of bacterial cellulosic membrane

The plot represents the mean ± standard error of the average of three independent

experiments performed in triplicate (control: mean 100.0000, standard deviation 0.0000,

LPS: mean 150.8889, standard deviation 1.0541, BCM: mean 109.6300, standard deviation

11.0047). T-Student test was performed for comparison between groups with the control

(0.2% DMSO in RPMI 1640 medium), being * p <0.05. C - Control, LPS - Lipopolysaccharide

and BCM - Bacterial cellulosic membrane.
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Figure 11

Formazan crystals in bacterial cellulosic membrane cultured with

A) Bone marrow mesenchymal stem cells B) Peritoneal macrophages. Increasing view 40x.
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Figure 12

Bacterial cellulosic membrane effect on the BMMSC viability and mammalian peritoneal

macrophages

A) BMMSC viability in BCM (control: mean 100.0000, standard deviation 0.0000, BCM: mean

94.4533, standard deviation 1.1926); B) murine macrophages viability in bacterial cellulosic

membrane (control: mean 100.0000, standard deviation 0.0000, BCM: mean 97.7867,

standard deviation 3.3200). The plot represents the mean ± standard error of the average of

three independent experiments performed in triplicate. T-student test was performed to

compare the groups with the control (0.2% DMSO in DMEM / RPMI medium) being * p <0.05.

C - Control and BCM - Bacterial cellulosic membrane.
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