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SUMMARY: The purpose of this study was to evaluate by morphological methods, if a mixture of Fibroquel® and hyaluronic
acid implanted in an animal model of cranial bone injury could promote bone regeneration. 12 Wistar rats were divided in three groups,
control group, bone injury without treatment and bone injury with treatment. After experimental period, bone samples were taken and
stained with H & E, Masson trichrome, PAS-D, immunohistochemistry with anti-PCNA monoclonal antibody and applied a semiquantitative
morphometric method. Treatment group showed extensive areas of collagen fibers in contact with normal bone tissue, areas of normal
histology, PAS positive material and less cellular proliferation. We demonstrated for the first time that a mixture of Fibroquel® and
hyaluronic acid implanted in an animal model of cranial bone injury promotes bone regeneration.
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INTRODUCTION

 Collagen is a protein that forms fibers and constitutes
25-30 % of the total protein mass in mammals (Zdzieblik et
al., 2015) and it is mainly secreted by fibroblasts (Schwarz,
2015). Collagen fibers are flexible but provide great tensile
strength. Type I collagen can be found all around the body’s
connective tissues, except for cartilage; it is the principal
constituent of the bone (Deshmukh et al., 2016) and is
synthesized and secreted by fibroblasts in response to bone
injury to repair it (Davis et al., 2013; Darby et al., 2014).

The bone lesions may be a consequence of traumatism or
attrition, the latter being mainly caused by metabolic
alterations. Currently, there are several compounds that are
intended to promote early bone regeneration, one of them is
Fibroquel®, a biopharmaceutical composed of a combination
of two macromolecules: "native" type I collagen and poly
vinyl pyrrolidone (clg-PVP) (Furuzawa-Carballeda et al.,
2009; Jacinto-Tinajero et al., 2014); it is an inert polymer
excreted almost entirely through the kidney (95 %) in over
24 h (Furuzawa-Carballeda et al., 2010). In vitro studies
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suggest that clg-PVP acts by promoting the collagen synthesis
in fibroblasts, which results in reduced time and improved
quality of the reparative process (Cervantes-Sánchez et al.,
2003). In vivo studies report that clg-PVP decreases pro-
inflammatory factors, such as Platelet Derived Growth Fac-
tor (PDGF), Tumor Necrosis Factor-a(TNF-a) and
Interleucine-1b (IL-1b), transforming growth factor beta
(TGF-b) down regulating the inflammatory response
(Krötzsch-Gómez et al., 1998; Furuzawa-Carballeda et al.,
2003, 2005, 2010; Olmos-Zuñiga et al., 2017). Studies in
patients with post mastectomy without reconstruction,
described good clinical and esthetic results without adverse
effects after the administration of clg-PVP (Furuzawa-
Carballeda et al., 2012). Hyaluronic acid (HA) is an unsulfated
glycosaminoglycan involved in biological processes such as
morphogenesis, wound repair, inflammation and even
metastasis (Turley, 1992; Entwistle et al., 1996; Ladeda et
al., 1998; Ruiz-Eng et al., 2010). A clinical double-blind assay
testing the effect of a HA gel on cell proliferation in gingival
biopsies of 15 periodontal patients, reported a significant
decrease in the proliferation rate of Ki-67 positive cells per
mm∑, without modifying the expression of p27; also in a
significant number of patients, inflammatory Ki-67 positive
cells decreased. This study concluded that HA gel significantly
reduced cell proliferation in the epithelium, and inflammatory
infiltrate (Zhang et al., 1998). In an in vitro study, it was
demonstrated that an HA based hydro gel can be used as a
vehicle for cells and growth factors for regeneration of bone
tissue (Mesa-Aguado et al., 2001). The purpose of this study
was to evaluate, by morphological methods if the application
of clg-PVP and HA in a bone injury model promotes the
regeneration of this tissue in Wistar rats.

MATERIAL AND METHOD

Animals and study groups: For this study,12 pathogen free
Wistar rats of 12 weeks, with an average weight of 242 g
were provided by the bioterium of the Faculty of Medicine
(Autonomous University of Coahuila (UAdeC), Campus
Torreón, Coahuila, México) and were handled by an expert
veterinarian. The animals were kept in a controlled
environment with room temperature between 25 and 28°C
(temperature control: 2H/JT-03, LennoxMR, Mexico), with
relative humidity between 30 and 70 % (Minisplit,
LennoxMR, México), with light/darkness cycles of 12 h,
with food (NUTRI-CUBES, Agribrands Purina®, Mexico)
and water Ad líbitum. Experiments were carried out
according to the International Guidelines on the Appropriate
Use of Experimental Animals and according to Mexican
Norm NOM-062-ZOO-1999 on the technical specifications
for production, care and use of laboratory animals (Kim et

al., 2007). The protocol was approved by the Bioethical
Committee of the Faculty of Medicine of the Autonomous
University of Coahuila, Torreón Campus, Coahuila, Mexico
(Number of approval by the Secretaría de Salud and Comi-
sión Nacional de Bioética in Mexico:
CONBIOETICA07CEI00320131015). With protocol
approval reference number: AUT.02-08/13.

Animals were organized in groups as follows: Group 1
(n:12):samples from the counterpart of the drilling area of
groups 2 and 3 served as control without treatment. Group 2
(n:6): perforation of the left side of skull without implant of
clg-PVP and HA.Group3 (n:6): perforation of right side of
the skull and covered with clg-PVP and HA, a resorbable
collagen barrier was placed over the site of surgery.

Surgery and treatment in study groups: Rats of the groups
2 and 3 were operated under general anesthesia with
Ketamine/Xylazine 75mg/kg+10mg/kg intramuscularly
(RompunMR, Bayer, México) and ketamine hydrochloride
(VetalarMR, Parke-Davis, USA). The skin of the upper
middle part of the head was cut open, and the outside of the
skull was ruptured; a surgical motor drill was specially
adapted for saline irrigation (Dyna Surg Model 28213 Mircro
Motors, Inc., USA), reducing anti-angle 1:16 at 1700 rpm,
milling burs and surgical instruments were used to access
the skullbone. The surgery was performed under the
supervision of the veterinarian with caution so as not to pierce
or expose the meningeal layers. After the corresponding
treatment, the skin was placed back into place and sutured
closed. Antibiotics were administered to prevent infection.

Tissue samples collection: 4 weeks after the surgery, the
specimens were sacrificed by cervical dislocation and skulls
were placed in 10 % formalin with phosphate buffered saline
(PBS) pH 7.2-7.4. Tissues samples were placed in 10 % nitric
acid during a week to decalcify the bone matrix. Samples
were washed with tap water and soap, then processed by
conventional histological technique and embedded in
paraffin blocks.

Morphological evaluation: 5-micron sections were
obtained, mounted, and stained with hematoxylin and eosin
(H&E),Masson´s trichrome and Periodic acid–Schiff–
diastase (PAS-D) stain. Immunohistochemistry (IHQ)
analysis was carried out using a monoclonal antibody anti-
PCNA (Proliferating Cell Nuclear Antigen) (1:200, Dako
Cytomation, Inc.) to identify proliferating cells (Matsumoto
et al., 1987; SAGARPA, 1999). As detection the Envision®
system (Dako Cytomation, Inc.) was employed. Positivity
was observed with 3-3'-diaminobenzidine (DAB), nuclei
were contrasted with Mayer's hematoxylin and samples were
analyzed by light microscopy.
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Morphometric analysis: A semi-quantitative morphometric
analysis was performed to quantify PCNA positive cells:10
consecutive fields were analyzed with 40X objective, values
were expressed as number of positive cells / per field. This
was done by triplicate and the mean and standard deviation
(SD) were also obtained. The results were analyzed using
Student t-test for comparing the groups with a significance
value of p≤0.05.

RESULTS

Histology analysis: The samples from the group 1 stained
with H&E showed a normal histology. In group 2, areas of
normal cortical bone were observed alternating with
trabecular bone, these also showed a marked disorganization
of the collagen fibers, as well as large spaces filled with

Fig. 1. A) Group 2: abundant erythrocyte areas infiltrated small bone trabeculae (yellow arrows). B) Group 3: Areas of the implant (*),
with areas of hemorrhage (yellow arrow) and normal compact bone (black arrow) are observed. C) Group 2: Large areas of hemorrhage
(yellow arrow) surrounded by small normal compact bone trabeculae (black arrow). D) Group 3: normal compact bone (black arrow)
fibers in contact with fibers (white arrows) of the implant (*). E) Group 2: Areas of hemorrhage (yellow arrow) surrounding small bone
trabeculae (black arrow). F) Group 3: Areas of the implant (*) in contact with normal compact bone, and without areas of hemorrhage. A,
B: H&E, C, D: Masson trichrome. E, F: PAS + diastase. Bar 50 µm.
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erythrocytes (Fig. 1A). In group 3, abundant areas of nor-
mal bone were observed with small fibrous projections
towards the site of implantation (Fig. 1B); in these samples
histological appearance was remarkably similar to group
1. These findings were confirmed in samples stained with
Masson trichrome: a larger amount of collagen fibers in
bright blue color along with a fewer red cell infiltrate
compared with histological appearance of group 2 (Figs.
1C-D).

Histochemical analysis: In group 2, samples pretreated with
diastase and analyzed with PAS, few areas PAS positive were

observed, compared to group 3 were extensive areas of ma-
terial PAS positive was observed (Figs. 1E-F).

Immunohistochemical and morphometric analysis: In
group 2 a high number of positive cells was observed (Fig.
2B), followed by group 3 (Fig. 2C). Group 1 showed the
lowest number of positive cells (Fig. 2A). In the
quantification of PCNA positive cells, it was observed that
group 2 had the highest number of positive cells:10.83 ±
4.368, then group 3: 3.00±1.089. Group 1 showed the
smallest amount of positive cells:1.166±0.144. Contrasting
the results of all groups a statistically significant difference
was observed for a value of p≤0.05 (Fig. 2D).

DISCUSSION

Studies have reported that clg-PVP improves the
quality and response time of regenerating process (Furuzawa-
Carballeda et al., 2005; Zerón et al., 2007; Furuzawa-
Carballeda et al., 2010); they also decreased the production
of pro-inflammatory factors (Krötzsch-Gómez et al.; Zhang
et al., 1999; Furuzawa-Carballeda et al., 2003, 2005). In
terms of bone regeneration, clg-PVP potential has been
evaluated based on radiological progression in patients with
retained third molars (Macías-Hernández et al., 2014) and
osseous defects (Furuzawa-Carballeda et al., 2010),
promoting a bone regeneration in less time than occurs

physiologically; a similar effect was observed after the
application of this biomolecule in diaphyseal fractures in
Wistar rats, which presented a rapid replacement of fibrous
tissue by cartilage, followed by bone tissue, plus high
osteopontin and osteonectin expression, this latter, proteins
that led to bone consolidation (Almazán-Díaz et al., 1996).
In another study clg-PVP enhanced bone regeneration to
higher levels than collagen alone, by allowing the formation
of a better matrix for the invasion and migration of
osteoprogenitor cells in adult male rats (Chimal-Monroy et
al., 1997).

Fig. 2. A) Group 1: negative results for PCNA immunolabeling. B) Group 2: Abundant cells positives
are observed. C) Group 3: negative result. Immunohistochemistry. Bar: 50 µm. D) Graph shows the
results of semiquantitative morphometric analysis for PCNA in each study groups. Statistical analysis
shows a significant difference among groups (* P ≤ 0.05).
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Previous studies have reported that application of HA
on gingival periodontal lesions improved evaluated
parameters with a nonsignificant decrease of the
inflammatory infiltrate (Gontiya & Galgali, 2012; Casale et
al., 2016, 2017).The application of HA for bone regeneration
has also been described regarding the osteogenetic-
enhancing effects in vitro (Huang et al., 2003; Zhai et al.,
2020) and in vivo where this compound demonstrated an
accelerated bone formation process, with earlier angiogenesis
and mesenchymal cell differentiation in rat femurs (Sasaki
& Watanabe, 1995); this osteogenetic effect could be
accomplished through the bone morphogenetic protein 2
(BMP-2) enhancement demonstrated in vitro (Kawano et
al., 2011) and in vivo (Huang et al., 2017). Recently, the
efficacy of HA alone and combined with bone graft mate-
rial on bone healing in defects created in the rat mandible
was evaluated, histopathological analysis resulted in
proliferation of bone tissue at the defect borders and a higher
bone mineralization in the treated groups (Koca et al., 2019).
The combined effect of HA with other compounds has also
been evaluated, having effects on the regeneration of
cartilage (Suwannaloet et al., 2012) bone healing (Chang et
al., 2016) and collagen mineralization in vivo (Nguyen &
Lee, 2014). However, the combination of clg-PVP and HA
have not been documented previously. In our study the
samples in group 3 (treated with the combination of clg-
PVP and HA) presented better histological appearance,
compared with the group 2 (without clg-PVP and HA
treatment). The presence of a larger amount of collagen fibers
in treated group suggests an increased synthesis of this
protein, compared with untreated group. Previous studies
have reported that application of clg-PVP acts by modulating
the synthesis of collagen by fibroblasts and that HA affects
the process of wound repair (Turley; Entwistle et al.; Ladeda
et al.; Ruiz-Eng et al.); these studies support our findings.
In a clinical double-blind assay testing the effect of a HA
gel on cell proliferation in gingival biopsies, a significant
decrease in the proliferationof cells positive for Ki-67 per
mm∑ was observed; also in a significant number of patients,
inflammatory Ki-67 positive cells decreased (Zhang et al.,
1998; Pini Prato et al., 2003).This correlates with our findings
with anti-PCNA where the group without treatment of clg-
PVP and HA showed more positive cells compared to the group
with treatment and the control group; a statistically significant
difference was observed among groups.

CONCLUSION

In conclusion, our study describes for the first time
that a combination of clg-PVP and HA and applied in an
animal model of cranial bone lesion, promotes repair of tissue

without chemotaxis of inflammatory cells in the site of injury.
Currently, studies are being carried out in our laboratory to
evaluate if the combination of clg-PVP and HA increases
bone repair in other lesion sites and if it promotes the
organization of osteons and the subsequent formation of
Havers channels.
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RESUMEN: El propósito de este estudio fue evaluar por
métodos morfológicos, si una mezcla de Fibroquel® y ácido
hialurónico implantado en un modelo animal de lesión del hueso
craneal podría promover la regeneración ósea. Se dividieron 12
ratas Wistar en tres grupos, grupo control, lesión ósea sin trata-
miento y lesión ósea con tratamiento. Después del período experi-
mental, se tomaron muestras de hueso y se tiñeron con H & E,
tricrómico de Masson, PAS-D, inmunohistoquímica con anticuer-
po monoclonal anti-PCNA y se aplicó un método morfométrico
semicuantitativo. El grupo de tratamiento mostró áreas extensas
de fibras de colágeno en contacto con tejido óseo normal, áreas de
histología normal, material PAS positivo y menor proliferación
celular. Demostramos por primera vez que una mezcla de
Fibroquel® y ácido hialurónico implantado en un modelo animal
de lesión del hueso craneal promueve la regeneración ósea.

PALABRAS CLAVE: Hueso; Cráneo; Regeneración;
Colágeno; Rata Wistar.
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