
Magnesium (Mg) alloys have become a special cha-

llenge of biomedical research (1, 2, 3, 4, 6, 7, 10).

Many studies focused on in vivo degradation be-

havior and histopathological evaluation of the bone re-

generation using Mg-based alloys were performed in 

rabbits (3, 5, 7, 9, 11, 12) using screws implants in the 

tibiae and in rats (1) using implants in femoral diaphy-

sis fracture produced by drilling a hole. 

The studies were performed using uncoated Mg-

based alloy or coated Mg-based alloy with resveratrol 

(Res) (6), coated Mg-alloy with cellulose acetate (AC) 

(8) or coated magnesium-fluoride. 

This study relieved the histopathological aspects of 

bone regeneration in femoral fracture produced in Wi-

star rats using the new uncoated Mg-based alloy com-

pared with Mg-based alloy coated with AC and functio-

nalized with Res at 90 days and 180 days.

MATERIALS AND METHODS

Mg-based alloy characterization and implant 

preparation

Implants obtained from Mg-based alloys with the 

composition Mg-1Ca-0,2Mn-0,6Zr with 16 mm length 

and 2 mm in diameter were coated using AC and func-

tionalizated with Res.

AC, the polymer chosen for coating, has advanta-

ges both by the versatility of the coating synthesis me-

 The development of magnesium-based bio-im-

plants used to repair fractures on experimental mo-

dels is a challenge for groups of specialists from all 

over the world. For the first time in Romania, a compa-

rative study of the bone regeneration process was con-

ducted using a new implant obtained from Mg-based 

alloy with the composition of Mg-1Ca-0.2Mn-0.6Zr 

uncoated and coated with cellulose acetate membrane 

(AC) and functionalized with resveratrol (Res). Inno-

vative coatings of the Mg-based alloy with AC and 

functionalized with Res, a biomolecule that has 

beneficial effects on bone regeneration, lead to a bet-

ter acceptance of these implants by the host tissue in 

this decreasing order: Mg-AC-Res > Mg. The new un-

coated and coated implant obtained from Mg-based 

alloy was inserted into the linear fracture performed in 

the femoral diaphysis in 6 Wistar rats. Histopatholo-

gical aspects of the bone regeneration process in fe-

moral fracture using uncoated Mg-based alloy com-

pared with Mg-based alloy coated with AC and func-

tionalized with Res at 90 days and 180 days was evalu-

ated.
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 Dezvoltarea bio-implanturilor pe bază de magne-

ziu (Mg) utilizate pentru remedierea fracturilor pe mo-

dele experimentale reprezintă o provocare pentru co-

lective de specialiști din întreaga lume. Pentru prima 

dată în România s-a efectuat un studiu comparativ al 

procesului de regenerare osoasă a unui nou implant 

obținut din aliaje pe bază de Mg cu compoziția Mg-

1Ca-0,2Mn-0,6Zr neacoperit și acoperit cu membrană 

de acetat de celuloză (AC) și funcționalizat cu resvera-

trol (Res). Acoperirile inovative ale bio-implaturilor pe 

bază de Mg cu AC și funcționalizate cu Res, biomole-

culă care posedă efecte benefice asupra regenerării 

osoase, concluzionează o mai bună acceptare a aces-

tor implanturi de către țesutul gazdă în această ordine 

descrescătoare: Mg-AC-Res > Mg. Noul implant obți-

nut din aliajele pe bază de Mg neacoperit și acoperit a 

fost introdus în focarul de fractură liniară produsă în 

diafiza femurului la un lot de 6 șobolani Wistar. S-a 

evaluat din punct de vedere histopatologic, procesul 

de regenerare osoasă în fracturile remediate cu bio-

implantul pe bază de Mg neacoperit comparativ cu 

aliajul acoperit cu AC și funcționalizat cu Res la 90 de 

zile și 180 de zile.

Cuvinte cheie: bio-implant pe bază de magneziu, 

acetat de celuloză, resveratrol, regenerare osoasă
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thods and by the fact that, following in vivo degrada-

tion, it mainly releases glucose and acetic acid, with 

minimal effects on the implantation site. For functio-

nalization of cellulose acetate membranes with Res, 

the bio-implants were treated with 20 mL of Res 1% 

solution in deionized water in the presence of 2 ml 

0.1N sodium hydroxide solution at 37ºC for 4 hours. 

The implants were individualized and separately steri-

lized with UV.

Animal experiment

The animal experiments of this study were ap-

proved by The Bioethics Commission of the University 

of Agricultural Sciences and Veterinary Medicine Bu-

charest – 1106/6 April 2017. 

For the study, six male Wistar rats with a body 

weight 250 grams were used. In order to achieve the 

surgical approach, premedication with ketamine 100 

mg/ml (1.2 ml), Dexdomitor (dexmedetomidine) 0.5 

mg/ml (0.8 ml) and physiological saline solution 2 ml 

was performed. A 4 ml mixture was obtained and the 

dose administered intra-peritoneally was 0.25 ml/ 100 

gram body weight (BW). Maintenance of anaesthesia 

was performed with 1-1.5% isoflurane on the mask.

Fig. 1. Performing the linear fracture in the femur 

compact using the Dental Unit

Fig. 2. The aspect of the linear femoral fracture

Using a dental unit device (Fig. 1), the linear frac-

tures were produced in the femoral diaphysis of the 

rats (Fig. 2).

In the linear fracture the Mg-based implant was 

inserted into the femoral canal using a surgical forceps 

like a "book on the shelf" (Fig. 3 and Fig. 4).

Fig. 3. Implant insertion into the femoral canal

Fig. 4. The stable position of the implant 

into the femoral canal

The suture of the muscle was performed using 3-0 

PDS (polydioxanone sulfate, Ethicon), continuous pat-

tern and the suture of the skin using 4-0 nylon monofi-

lament, continuous pattern.

Post-operative treatment was performed for six 

days with an antibiotic (enrofloxacin: 10 mg/kg BW – 

2.5 mg / animal) and a nonsteroidal anti-inflammatory 

drug (meloxicam: 0.2 mg/kg BW – 0.05 mg / animal) 

administered subcutaneously with an insulin syringe.

Histological Examination

Harvesting of the femurs by disarticulation was 

performed at 30 days and 180 days after implantation.
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Fig. 5. Decalcifying solution

Fig. 6. Paraffin embedding

Fig. 7. HE stain battery

Fig. 8. Histology slides

The bone samples were fixed in 10% formalde-

hyde solution shortly after euthanizing rats, decalci-

fied using hydrochloric acid solution (Fig. 5) and inser-

ted in individual boxes. The samples are paraffin em-

bedded (Fig. 6) and serial sections of 3.5-4 microns are 

made using the microtome. The sections are colored 

using the usual staining (Fig. 7).  Hematoxylin-Eosin 

(HE) and the histology slides were obtained (Fig. 8).

RESULTS AND DISCUSSIONS

Histopathological aspects 30 days post-implanta-

tion highlighted the differences between two Mg – 

based alloy in the bone regeneration process. Hemato-

xylin-Eosin (HE), 20x sections from the bone with im-

plant coated AC and functionalized with Res revealed a 

medullary cavity totally restored with bone marrow. 

Surrounding the medullary cavity, woven bone to la-

mellar bone with almost finished mineralization, osteo-

cytes and osteoblasts can be observed (Fig. 9).

Fig. 9. Hematoxylin-Eosin (HE), 20x, section

from bone with coated implant, 

30 days post-implantation

Fig. 10. Hematoxylin-Eosin (HE), 20x, section 

from bone with uncoated implant, 

30 days post-implantation
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Hematoxylin-Eosin (HE), 20x sections from bone 

with uncoated implant revealed a medullary cavity to-

tally restored with bone marrow and trabecular bone. 

Surrounding the medullary cavity, woven bone to la-

mellar bone can be observed with moderate oxyphilia 

and mineralization, moderate number of osteocytes 

and non-oriented collagen fibers (bone remodelling in 

due course, irregular callus) and periosteum is reac-

tive and moderately thickened (Fig. 10).

Histopathological aspects 180 days post-implanta-

tion highlighted the differences between two Mg-

based alloy in bone regeneration process. Hematoxy-

lin-Eosin (HE), 20x sections from bone with coated 

implant with AC and functionalized with Res revealed a 

medullary cavity totally restored with bone marrow; 

surrounding the medullary cavity, compact bone mild-

ly thickened with lamellar bone and very few osteo-

cytes (Fig. 11). 

Fig. 11. Hematoxylin-Eosin (HE), 20x, 

section from bone with coated implant, 

180 days post-implantation

Fig. 12. Hematoxylin-Eosin (HE), 20x, 

section from bone with uncoated implant 

180 days post-implantation

Hematoxylin-Eosin (HE), 20x sections from bone 

with uncoated implant showed a medullary cavity to-

tally restored with bone marrow; surrounding the me-

dullary cavity, compact bone with light oxyphilia, mo-

derate mineralization, mildly thickened with moderate 

number of osteocytes and osteoblasts and non-homo-

genous aspect (Fig. 12).

CONCLUSIONS

In all the histological sections through the bone 

tissue with implant, coated with cellulose acetate and 

functionalized with resveratrol and uncoated, changes 

in the structural level were observed: the medullary 

canal, the bone marrow and the periosteum, with sig-

nificantly different degrees. In the case of the coated 

implant, the callus formed after the fracture was uni-

form, with mineralization, the immature bone tissue 

being transformed into mature, lamellar bone (com-

plete bone remodelling), with the presence of osteo-

cytes and osteoblasts. In the case of uncoated implant 

deforming callus, immature bone tissue, osteocytes 

and osteoblasts in moderate number, non-oriented co-

llagen fibers, and reactive periosteal reaction were ob-

served. Therefore, innovative coatings with cellulose 

acetate membrane and functionalized with resveratrol 

has beneficial effects on bone regeneration.
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