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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 dividgdanpbkree
control group, bone injury without treatment and bone injury with treatment. After experimental period, bone samples waré taken
stained with H & E, Masson trichrome, PAS-D, immunohistochemistry with anti-PCNA monoclonal antibody and applied a setiviguantita
morphometric method. Treatment group showed extensive areas of collagen fibers in contact with normal bone tissue, medas of nor
histology, PAS positive material and less cellular proliferation. We demonstrated for the first time that a mixture ofl®ilamodjue
hyaluronic acid implanted in an animal model of cranial bone injury promotes bone regeneration.
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INTRODUCTION

The bone lesions may be a consequence of traumatism or

Collagen is a protein that forms fibers and constitutegtrition, the latter being mainly caused by metabolic
25-30 % of the total protein mass in mammals (Zdziedilik alterations. Currently, there are several compounds that are
al., 2015) and it is mainly secreted by fibroblasts (Schwariatended to promote early bone regeneration, one of them is
2015). Collagen fibers are flexible but provide great tensilgbroquel®, a biopharmaceutical composed of a combination
strength. Type | collagen can be found all around the bodys$ two macromolecules: "native" type | collagen and poly
connective tissues, except for cartilage; it is the principginyl pyrrolidone (clg-PVP) (Furuzawa-Carballedtal,
constituent of the bone (Deshmukh al, 2016) and is 2009; Jacinto-Tinajeret al, 2014); it is an inert polymer
synthesized and secreted by fibroblasts in response to besereted almost entirely through the kidney (95 %) in over
injury to repair it (Daviset al, 2013; Darbyet al, 2014). 24 h (Furuzawa-Carballedzt al, 2010).In vitro studies

1 Departamento de Histologia. Facultad de Medicina, Universidad Auténoma de Nuevo Ledn. Avenida Madero y E. Aguirre-Pedeieéy, Nigvo
Lebn, México. A. P.1563

2 Clinica de Periodoncia, Facultad de Odontologia, Universidad Autonoma de Coahuila, Campus Torredn. Av. Juarez y Callelai&Oentro.
Torre6n, Coah. México. C.P. 27000

3 Departamento de Histologia. Facultad de Medicina, Universidad Autonoma de Coahuila, Campus Torredn. Avenida Morelos NdCE066i®t
Centro. Torre6n, Coahuila, México. C.P. 27000.

4 Departamento de Biologia Celular y Ultraestructura, Centro de Investigacién Biomédica, Facultad de Medicina, Universatad Aet@oahuila,
Campus Torredn. Calle Gregorio A. Garcia 198 Sur. Torredn, Coahuila, México. C.P. 27000

5 Clinica de Endodoncia, Facultad de Odontologia, Universidad Autdnoma de Coahuila, Campus Torredn. Avenida Juarez NCabéehiaSZentro.
Torre6n, Coahuila, México. C.P. 27000

5 Auténoma Agraria Antonio Narro, Unidad Laguna. Periférico Raul Lopez Sanchez S/N y Carretera Santa Fe, Colonia Valle®@nd€ dahuila,
México. C.P. 27054,

816



SOTO-DOMINGUEZ, A.; ZATARAIN-HERNANDEZ, G.; GARCIA-GARZA, R.; NAVA-RIVERA, L. E.; PIETSCHMANN-SANTAMARIA, M. A.; DIAZ-PALOMARES , E.; PACHECO-
HERRERAE. J.; LOZOYA-MARTINEZ, R.; HOLGUIN-SANTANA, M. P.; BETANCOURT-MARTINEZ, N. D.; MILLAN-OROZCO, J. & MORAN-MARTINEZ, J. Cranial bone
regeneration with collagen type i and polyvinylpyrrolidone (Fibroquel®) combined with hyaluronic acid in wistar rats: marphstiedy.Int. J. Morphol., 39(3B16-822, 2021.

suggest that clg-PVP acts by promoting the collagen synthesis, 2007). The protocol was approved by the Bioethical
in fibroblasts, which results in reduced time and improve@ommittee of the Faculty of Medicine of the Autonomous
quality of the reparative process (Cervantes-Sanehek  University of Coahuila, Torredn Campus, Coahuila, Mexico
2003). In vivo studies report that clg-PVP decreases pr@Number of approval by the Secretaria de Salud and Comi-
inflammatory factors, such as Platelet Derived Growth Fasion ~ Nacional de Bioética in Mexico:
tor (PDGF), Tumor Necrosis Factor-a(TNF-a) andCONBIOETICA07CEI00320131015). With protocol
Interleucine-1b (IL-1b), transforming growth factor betaapproval reference number: AUT.02-08/13.
(TGF-b) down regulating the inflammatory response
(Krétzsch-Gémez=zt al, 1998; Furuzawa-Carballe@d al, Animals were organized in groups as followsGroup 1
2003, 2005, 2010; Olmos-Zuiigd al, 2017). Studies in (n:12):samples from the counterpart of the drilling area of
patients with post mastectomy without reconstructiorgroups 2 and 3 served as control without treatment. Group 2
described good clinical and esthetic results without adver§e6): perforation of the left side of skull without implant of
effects after the administration of clg-PVP (Furuzawaelg-PVP and HA.Group3 (n:6): perforation of right side of
Carballedat al, 2012). Hyaluronic acid (HA) is an unsulfatedthe skull and covered with clg-PVP and HA, a resorbable
glycosaminoglycan involved in biological processes such asllagen barrier was placed over the site of surgery.
morphogenesis, wound repair, inflammation and even
metastasis (Turley, 1992; Entwist¢ al, 1996; Laded®&t Surgery and treatment in study groupsRats of the groups
al., 1998; Ruiz-Engt al, 2010). A clinical double-blind assay 2 and 3 were operated under general anesthesia with
testing the effect of a HA gel on cell proliferation in gingivaKetamine/Xylazine 75mg/kg+10mg/kg intramuscularly
biopsies of 15 periodontal patients, reported a significaompunMR, Bayer, México) and ketamine hydrochloride
decrease in the proliferation rate of Ki-67 positive cells péietalarMR, Parke-Davis, USA). The skin of the upper
mm}, without modifying the expression of p27; also in aniddle part of the head was cut open, and the outside of the
significant number of patients, inflammatory Ki-67 positiveskull was ruptured; a surgical motor drill was specially
cells decreased. This study concluded that HA gel significanéylapted for saline irrigation (Dyna Surg Model 28213 Mircro
reduced cell proliferation in the epithelium, and inflammatorivotors, Inc., USA), reducing anti-angle 1:16 at 1700 rpm,
infiltrate (Zhanget al, 1998). In an in vitro study, it was milling burs and surgical instruments were used to access
demonstrated that an HA based hydro gel can be used ab@ skullbone. The surgery was performed under the
vehicle for cells and growth factors for regeneration of borgipervision of the veterinarian with caution so as not to pierce
tissue (Mesa-Aguadet al, 2001). The purpose of this studyor expose the meningeal layers. After the corresponding
was to evaluate, by morphological methods if the applicatidreatment, the skin was placed back into place and sutured
of clg-PVP and HA in a bone injury model promotes thelosed. Antibiotics were administered to prevent infection.
regeneration of this tissue in Wistar rats.
Tissue samples collection4 weeks after the surgery, the
specimens were sacrificed by cervical dislocation and skulls
MATERIAL AND METHOD 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
Animals and study groups:For this study,12 pathogen freewere washed with tap water and soap, then processed by
Wistar rats of 12 weeks, with an average weight of 242apnventional histological technique and embedded in
were provided by the bioterium of the Faculty of Medicin@araffin blocks.
(Autonomous University of Coahuila (UAdeC), Campus
Torredn, Coahuila, México) and were handled by an expévtorphological evaluation: 5-micron sections were
veterinarian. The animals were kept in a controlledbtained, mounted, and stained with hematoxylin and eosin
environment with room temperature between 25 ari€28 (H&E),Masson’s trichrome and Periodic acid—Schiff—
(temperature control: 2H/JT-03, LennoxMR, Mexico), withdiastase (PAS-D) stain. Immunohistochemistry (IHQ)
relative humidity between 30 and 70 % (Minisplit,analysis was carried out using a monoclonal antibody anti-
LennoxMR, México), with light/darkness cycles of 12 hPCNA (Proliferating Cell Nuclear Antigen) (1:200, Dako
with food (NUTRI-CUBES, Agribrands Purina®, Mexico) Cytomation, Inc.) to identify proliferating cells (Matsumoto
and water Ad libitum. Experiments were carried ou¢tal, 1987; SAGARPA, 1999). As detection the Envision®
according to the International Guidelines on the Appropriagystem (Dako Cytomation, Inc.) was employed. Positivity
Use of Experimental Animals and according to Mexicawas observed with 3-3'-diaminobenzidine (DAB), nuclei
Norm NOM-062-Z00-1999 on the technical specificationsvere contrasted with Mayer's hematoxylin and samples were
for production, care and use of laboratory animals (Kim analyzed by light microscopy.
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Morphometric analysis: A semi-quantitative morphometric RESULTS

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. Thiistology analysis:The samples from the group 1 stained
was done by triplicate and the mean and standard deviatisith H&E showed a normal histology. In group 2, areas of
(SD) were also obtained. The results were analyzed usingrmal cortical bone were observed alternating with
Student t-test for comparing the groups with a significand¢eabecular bone, these also showed a marked disorganization
value of x0.05. of the collagen fibers, as well as large spaces filled with

Group without implant

with areas of hemorrhage (yellow arrow) and normal compact bone (black arrow) are observed. C) Group 2: Large areas @ hemorrha
(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) surrountiingrema
trabeculae (black arrow). F) Group 3: Areas of the implant (*) in contact with normal compact bone, and without areashaffeeforr

B: H&E, C, D: Masson trichrome. E, F: PAS + diastase. Barri0
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erythrocytes (Fig. 1A). In group 3, abundant areas of nasbserved, compared to group 3 were extensive areas of ma-

mal bone were observed with small fibrous projectionterial PAS positive was observed (Figs. 1E-F).

towards the site of implantation (Fig. 1B); in these samples

histological appearance was remarkably similar to groupmmunohistochemical and morphometric analysis:In

1. These findings were confirmed in samples stained wigmoup 2 a high number of positive cells was observed (Fig.

Masson trichrome: a larger amount of collagen fibers 2B), followed by group 3 (Fig. 2C). Group 1 showed the

bright blue color along with a fewer red cell infiltratelowest number of positive cells (Fig. 2A). In the

compared with histological appearance of group 2 (Figguantification of PCNA positive cells, it was observed that

1C-D). group 2 had the highest number of positive cells:1&.83
4.368, then group 3: 3.82.089. Group 1 showed the

Histochemical analysisin group 2, samples pretreated withsmallest amount of positive cells:1.1#686144. Contrasting

diastase and analyzed with PAS, few areas PAS positive wtre results of all groups a statistically significant difference
was observed for a value ac£@ 05 (Fig. 2D).

Morphometric analysis
16 *

14

-
o

Positive cells/ fleld
(-]

Group 2 Group 3
Study groups *ps0.0S

Fig. 2. A) Group 1: negative results for PCNA immunolabeling. B) Group 2: Abundant cells positives
are observed. C) Group 3: negative result. Immunohistochemistry. Bam.5D) Graph shows the
results of semiquantitative morphometric analysis for PCNA in each study groups. Statistical analysis
shows a significant difference among groups € ®05).

DISCUSSION

Studies have reported that clg-PVP improves thghysiologically; a similar effect was observed after the
quality and response time of regenerating process (Furuzawpplication of this biomolecule in diaphyseal fractures in
Carballedaet al, 2005; Zeroéret al, 2007; Furuzawa- Wistar rats, which presented a rapid replacement of fibrous
Carballedaet al, 2010); they also decreased the productiotissue by cartilage, followed by bone tissue, plus high
of pro-inflammatory factors (Krétzsch-Gometzal; Zhang osteopontin and osteonectin expression, this latter, proteins
et al, 1999; Furuzawa-Carballedd al, 2003, 2005). In that led to bone consolidation (Almazan-Déial, 1996).
terms of bone regeneration, clg-PVP potential has be&nanother study clg-PVP enhanced bone regeneration to
evaluated based on radiological progression in patients wiilgher levels than collagen alone, by allowing the formation
retained third molars (Macias-Hernandgal, 2014) and of a better matrix for the invasion and migration of
osseous defects (Furuzawa-Carballedaal., 2010), osteoprogenitor cells in adult male rats (Chimal-Moreby
promoting a bone regeneration in less time than occuik, 1997).

819



SOTO-DOMINGUEZ, A.; ZATARAIN-HERNANDEZ, G.; GARCIA-GARZA, R.; NAVA-RIVERA, L. E.; PIETSCHMANN-SANTAMARIA, M. A.; DIAZ-PALOMARES , E.; PACHECO-
HERRERAE. J.; LOZOYA-MARTINEZ, R.; HOLGUIN-SANTANA, M. P.; BETANCOURT-MARTINEZ, N. D.; MILLAN-OROZCO, J. & MORAN-MARTINEZ, J. Cranial bone
regeneration with collagen type i and polyvinylpyrrolidone (Fibroquel®) combined with hyaluronic acid in wistar rats: marahstiody.Int. J. Morphol., 39(3B16-822, 2021.

Previous studies have reported that application of HAithout chemotaxis of inflammatory cells in the site of injury.
on gingival periodontal lesions improved evaluate€urrently, studies are being carried out in our laboratory to
parameters with a nonsignificant decrease of thevaluate if the combination of clg-PVP and HA increases
inflammatory infiltrate (Gontiya & Galgali, 2012; Casale bone repair in other lesion sites and if it promotes the
al., 2016, 2017).The application of HA for bone regeneratiaorganization of osteons and the subsequent formation of
has also been described regarding the osteogenetitavers channels.
enhancing effects in vitro (Huargg al, 2003; Zhakt al,

2020) and in vivo where this compound demonstrated an

accelerated bone formation process, with earlier angiogeneSGKNOWLEDGMENTS

and mesenchymal cell differentiation in rat femurs (Sasaki

& Watanabe, 1995); this osteogenetic effect could be

accomplished through the bone morphogenetic protein 2 We acknowledge the work of Biol. René Reynaga-
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have not been documented previously. In our study the

samples in group 3 (treated with the combination of clg-

PVP and HA_) presented better_hlstologmal appearanchTo_DOMiNGUEzl A.: ZATARAIN-HERNANDEZ, G.:
compared with the group 2 (without clg-PVP and HAGARCIA-GARZA, R.. NAVA-RIVERA, L. E..
treatment). The presence of a larger amount of collagen fib@igTsScCHMANN-SANTAMARIA, M. A.: DIAZ-PALOMA-

in treated group suggests an increased synthesis of thiss, E.: PACHECO-HERRERA E. J.: LOZOYA-
protein, compared with untreated group. Previous studi®sARTINEZ, R.; HOLGUIN-SANTANA, M. P,
have reported that application of clg-PVP acts by modulatifgE TANCOURT-MARTINEZ, N. D.; MILLAN-OROZCO, J.

the synthesis of collagen by fibroblasts and that HA affecfs MORAN-MARTINEZ, J. Regeneracion 6sea craneal con
the process of wound repair (Turley; Entwigtiel; Ladeda (;ol_égen_o tipq i y poIivininirroIic_;Iona (fibroql_JeI®) compinado con
et al; Ruiz-Enget al); these studies support our findingsac'do hialurénico en ratas wistar: estudio morfologice. J.

In a clinical double-blind assay testing the effect of a HNorphOI" 39(3)816-822, 2021.

gel on ceII_ prohferatlpn in gingival b|0p_$|es, a s_|gn|f|cant RESUMEN: El propésito de este estudio fue evaluar por

decrease in the pradifationof cells positive for Ki-67 per metodos morfolégicos, si una mezcla de Fibroquel® y acido

mmy was observed; also in a significant number of patientsialuronico implantado en un modelo animal de lesién del hueso
inflammatory Ki-67 positive cells decreased (Zhatal, craneal podria promover la regeneracion 6sea. Se dividieron 12
1998; Pini Pratet al, 2003).This correlates with our findingsratas Wistar en tres grupos, grupo control, lesion 6sea sin trata-
with anti-PCNA where the group without treatment of C|gmiento y lesion 6sea con tratamiento. Después del periodo experi-
PVP and HA showed more positive cells compared to the grojjgntal. se tomaron muestras de hueso y se tifieron con H & E,

with treatment and the control group; a statistically significaffcromico de Masson, PAS-D, inmunohistoquimica con anticuer-
difference was observed among groups po monoclonal anti-PCNA y se aplic6 un método morfométrico

semicuantitativo. El grupo de tratamiento mostré areas extensas
de fibras de colageno en contacto con tejido 6seo normal, areas de
histologia normal, material PAS positivo y menor proliferacion
CONCLUSION celular. Demostramos por primera vez que una mezcla de
Fibroquel® y &cido hialurénico implantado en un modelo animal
de lesién del hueso craneal promueve la regeneracion 6sea.

In conclusion, our study describes for the first time ) B
that a combination of clg-PVP and HA and applied in an ~ PALABRAS CLAVE: Hueso; Craneo; Regeneracion;
animal model of cranial bone lesion, promotes repair of tissfr@!@geno; Rata Wistar.
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