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Abstract The objective of this study was to evaluate the effects of administering a grape seed 

extract, rich in polyphenols in an experimental model of ligature induced periodontitis in rats. 

Methods: 30 male Wistar rats were divided into Control group, Ligature group and 

Grape seed extract (GSE) group. Periodontitis was induced by placing a wire ligature around 

the first mandibular molar for 4 weeks. The animals in the GSE group were administered 

grape seed extract by gavage. In days 1, 7 and 28 blood samples were taken and in day 28 

the hemimandibles were harvested and sent for histological examination. Reduced 

glutathione (GSH) and malondialdehyde (MDA) were determined in serum and in gingival 

tissue. 

Results: Significantly higher values of MDA were found in serum and periodontium in 

the Ligature group in comparison to the GSE group. GSE administration resulted in an 

increase of GSH plasma concentration in the GSE group as compared to the Control and 

Ligature groups. In the GSE group inflammation and bone involvement were less marked 

than in the Ligature group. 

Conclusions: The grape seed extract proved protective anti-inflammatory and 

antioxidant effects in a ligature-induced experimental model of periodontitis in rats  

and also improved the histological status of gingival tissue and bone. 
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Introduction 

Periodontitis is a chronic inflammatory disease affec-

ting a significant percentage of population in developed 

countries (PIHLSTROM & al [1]). Chronic periodontitis 

represents a major public health issue, not only because it 

is the most important cause for tooth loss in adults, but 

also because recent papers point to its role in development 

of cardiovascular diseases and in adverse pregnancy 

outcomes (HARVEY & al [2], MONEET & al [3]). 

The pathogenesis of periodontal disease is complex. 

The primary etiologic determinants are specific bacteria  

in the dental plaque biofilm. However, rather than the 

pathogens themselves, it is the hosts inflammatory 

response that leads to tissue destruction (CHAPPLE & 

al [4], CHAPPLE & al [5]). Thus, when stimulated by 

bacterial pathogens, immune host cells produce a gingivo-

mucosal inflammatory response by releasing IL-1, TNF-α 

and IL-6 (HAJISHENGALLIS & al [6]). These pro-

inflammatory cytokines induce the expression of other 

mediators, such as prostaglandins that amplify the inflam-

matory response and lead to production of lytic enzymes 

(SILVA & al [7]). Neutrophils play an important part in  

the etiology of periodontitis. They are attracted to the 

inflammatory site and release proteolytic enzymes and 

reactive oxygen species (ROS) (WANG & al [8]). Unless 

balanced by antioxidant substances, ROS produce 

cellular damage, by attacking proteins, lipids, sugars and 

nucleic acids (WANG & al [8]). Oxidative attack on 

connective tissue results in structural and biochemical 

alterations of collagen that appears to play a determinant 

role in pathogenesis of inflammation related diseases 

(WANG & al [8]). ROS can be seen as an important 

pathogenetic mechanism in periodontal disease (ROBERTS 

& al [9]). Numerous studies have indicated that perio-

dontitis and oxidative stress are linked. In experimental 

models, increased levels of biomarkers for tissue damage 

induced by reactive oxygen species were found in the 

periodontal tissues and in the plasma of experimental 

periodontitis in rats (TOMOFUJI & al [10]). As for 

humans, in the gingivocrevicular fluid of periodontitis 

patients high levels of oxidative markers have been 

reported, as compared to controls. The role of oxidative 

stress in periodontal disease has been pointed out by 

compromised antioxidant capacity in patients suffering 

from periodontitis (CHAPPLE & al [5]). 

This scientific data brought into light the importance 

of developing strategies to combat the deleterious effects  

of reactive oxygen reactive species in gingival tissues. 

Karim and coworkers provided evidence that a superoxide-

dismutase mimetic causes a substantial reduction in 

oxidative damage markers and bone destruction in 

periodontitis (KARIM & al [11]). It has been reported 

that S-nitrosoglutathione, a nitric oxide donor with anti-

oxidant and anti-inflammatory properties decreased matrix 

metalloproteinases (MMPs) and inhibited bone loss in an 

experimental model of periodontitis (MARTINS & al [12]). 

In delaying or preventing tissue injuries in perio-

dontitis, certain natural compounds with known anti-

inflammatory and antioxidant properties may be of 

interest. Studies in experimental models and in humans 

gave proof that the antioxidant properties of natural 

products can be attributed to their capacity to scavenge 

free radicals and to regulate cell signaling pathways and 

gene expression (WANG & al [8]). 

Plant polyphenols are abundant compounds in daily 

diet and their consumption has proved to be beneficial in 

the prevention of atherosclerosis and cancer (BASU & al 

[13], FANTINI & al [14]). Grapes contain a large variety 

of polyphenols, in both their skin and seeds. Grape intake 

has proven to inhibit age-related or cadmium – induced 

lipid peroxidation (SINGH & al [15]). It has been reported 

that extracts from grape seeds exert anti-inflammatory 

effects similar to indomethacin by reducing polymorpho-

nuclear leukocyte infiltration induced by 12-O-tetradeca-

noylphorbol 13-acetate and by inhibiting Cox-2 (ÖZDEN 

& al [16]). Data on the beneficial effects in oral diseases 

are few. Daily supplementation of diet with resveratrol 

reduced the levels of IL-6 but did not change the TNF-α 

and total antioxidant capacity of the organism and increa-

sed secretion of anti-inflammatory cytokines. (JAVID & al 

[17], BUNTE & al [18]). Resveratrol also attenuated  

the virulence of Porphyromonas gingivalis by reducing  

the expression of virulence factor genes such as fimbriae 

(type II and IV) and proteinases (kgp and rgpA), thus 

decreasing biofilm formation and inflammation of the 

periodontium (KUGAJI & al [19]). 

The aim of this study was to estimate the effects  

of a red grapes seed extract in an experimental model of 

ligature induced periodontitis in rats. 

 

Materials and Methods 

Reagents 

O-phtalaldehyde, 2-thiobarbituric acid, trichloroa-

cetic acid, monobasic potassium phosphate, Bradford  

and Folin-Ciocalteu reagents were obtained from Sigma-

Aldrich Chemicals GmbH (Darmstadt, Germany). Absolute 

ethanol, methanol and n-butanol were purchased from 

Chimopar (Bucharest, Romania). EDTA-Na2 was obtained 

from Merck KGaA (Darmstadt, Germany). Gallic acid was 
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obtained from Fluka (Buchs, Switzerland). All chemicals 

and reagents were of high-grade purity. 

A hydroethanolic extract from grape seeds (Vitis 

vinifera L), variety Burgund Mare (Recas, Romania) was 

prepared, as previously described, by mixing 1:10 w/v 

finely powdered dried seeds and water/ethanol 50/50 (v/v) 

and by subsequently concentrating the solution 10 fold  

in vacuo (POSTESCU & al [20]). The product was 

characterized by its total polyphenolic content, assessed by 

the Folin-Ciocalteu colorimetric reaction and expressed  

in equivalents (Eq) galic acid (GA) per unit of volume.  

In previously published data procyanidin B, catechin 

hydrate, epigallocatechin, epicatechin and gallic acid 

were identified as main compounds by high-performance 

liquid chromatography (HPLC-MS) analysis (PERDE-

SCHREPLER & al [21]). 
 

Animals and induction of periodontitis 

A total of 30 male Albino Wistar rats, 6 months  

old, weighing 350 ± 25g, were used in this experiment. 

The animals, 5 per cage, were kept at room temperature 

23±± 0.5oC and a 12/12 hours light/dark cycle. The animals 

received standard diet (Cantacuzino Institute, Bucharest, 

Romania) and water ad libitum and were let to adapt for  

1 week before beginning the experiment.  

Ligature placement: The animals were anaesthetized 

using a mixture of ketamine (90 mg/kg b.w.) and xylazine 

byo (10 mg/kg b.w) injected intraperitoneally. For the 

ligature, 0.5 thick sterile orthodontic wire was placed 

around the cervix of the first lower left molar and knotted 

towards the mesial side of the tooth. The wire was situated 

subgingivally on the buccal, lingual and distal sides of  

the tooth and supragingivally on the mesial side. This  

was considered day 0 of the experiment. The ligature was 

kept in place for 28 days.  

The animal care and experimental protocol has been 

conducted according to local guidelines for animal 

research and has been approved by the Ethics Committee 

of “Iuliu Hatieganu” University of Medicine and  

Pharmacy, Cluj-Napoca, Romania, authorization number 

377/16.10.2018. 
 

Experimental groups 

The animals were randomly divided into 3 groups of 

10 rats each. Control group and Ligature group: animals 

received 0.5 ml of saline solution by gavage every 3 days. 

GSE group: the animals were ligatured and were given 

red grapes seed extract every 3 days by gavage.  

The administered dose, based on previous findings, was  

of 50 mg GA/kg body weight. 

Tissue samples collection: in days 1, 7 and 28 blood 

samples were drawn from the ophthalmic venous plexus. 

Plasma was separated by centrifugation and frozen at  

-180oC until biochemical measurements were performed. 

On the 28th day all the animals were sacrificed using an 

anesthesia overdose and the first molar regions where  

the ligature had been placed were resected en bloc and 

sent for biochemical measurements and histological 

examination. 

 

Biochemical Assays 

Biochemical analysis was performed in both plasma 

and periodontal tissues. Tissue fragments were homoge-

nized using a Polytron homogenizer (Brinkman Kinematica, 

Luzern, Switzerland) for 3 minutes on ice in phosphate 

buffered saline (pH 7.4) added at a ratio of 1:4 (w/v).  

The cytosolic fraction was obtained by centrifugation for  

5 minutes at 3000 g and 4oC. Protein concentration in this 

fraction was measured by the Bradford method. 

Malondialdehyde (MDA) was determined as an 

indicator of lipid peroxidation using a fluorimetric 

method with 2-thiobarbituric acid. Briefly, to plasma  

and tissue homogenates, a 10 mM 2-thiobarbituric acid in 

75 mM K2HPO4, pH 3 solution was added. The samples 

were heated in a boiling water bath for 60 minutes and 

after cooling, the reaction products were extracted in  

n-butanol. MDA was measured in the organic phase using 

a synchronous spectrofluorimetric technique (excitation at 

534 nm, emission at 548 nm), on a Perkin Elmer spectro-

fluorimeter (Perkin Elmer Inc., Waltham, Massachusets). 

Reduced glutathione (GSH) as an indicator of non-

enzymic antioxidant defense, was determined by protein 

precipitation by trichloroacetic acid (10%) and a spectro-

fluorimetric assay (350 nm excitation, 420 nm emission)  

of the fluorescent derivative obtained by the reaction  

of the supernatant with a solution of o-phtalaldehyde 

(1 mg/ml in methanol). GSH concentration was deter-

mined using a standard curve. MDA and GSH were 

expressed as nmol/ml in plasma samples and as nmol/mg 

protein in tissue homogenates. 
 

Histological examination 

Slices from periodontal and bone tissues were fixed in 

10% neutral-buffered formaldehyde for 5 days, decalcified, 

embedded in paraffin and sectioned. Haematoxylin and 

eosin dyes were used to distinguish the cell types and to 

characterize the inflammation.  
 

Statistical analysis 

Statistical analysis was performed using MedCalc 18 

software. The unpaired two-tailed Student’s t-test was 

used to determine the differences between the groups.  

A threshold of 0.05 was used. The histology evaluation 

was performed by 2 different observers in different days. 
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Figure 1. MDA levels in serum 

 

 

 

Figure 2. GSH levels in serum 

 

 

 

Figure 3. MDA levels in gingival tissue 4 weeks after the placement of the ligature. 
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Figure 4. Histological examination of the periodontal tissues stained in Haematoxylin- Eosin after removal of the ligature. 

No pathologic alterations were identified in the Control group (A, D). The juctional epithelium is situated at the 

cementoenamel junction. In the Ligatured group apical migration of the junctional epithelium (asterisk), resorption  

and necrosis of the alveolar bone (white arrow) and inflammatory cells, haematoxylin colored neutrophils (black arrow) 

were observed (B, E). In the GSE group the pathologic modifications are less severe. Apical migration of the junctional 

epithelium (asterisk) and inflammation (black arrow) were present, with no involvement of the alveolar bone. Arrow 

heads point to the enamel-cement junction. d – dentin, ct – connective tissue, ab – alveolar bone. D, E, F show the 

magnified area in the black boxes. Scale bar = 200 µm (A, B, C). Scale bar = 50 µm (D, E, F). 

 
 

 

Results 

Oxidative stress parameters 

Significantly higher values of MDA were found at  

day 7 in the Ligature group in comparison to the GSE 

group (P<0.0006). This difference remained until day 28 

(P<0.01) (Figure 1). 

GSE administration resulted in an increase of GSH 

plasma concentration as compared to both Control and 

Ligature group with significant differences between the 

Ligature group and GSE group at days 7 (P<0.02) and 28 

(P<0.004) (Figure 2). 

MDA levels were significantly higher in the perio-

dontal tissues in the Ligature group as opposed to the 

Control group (P<0.03) and the GSE group (P<0.007) 

(Figure 3). 

 

Histological examination 

In the Control group no histological modifications 

occurred (Figure 4. A). The Ligature group presented  

a high degree of inflammation. Apical migration of the 

junctional epithelium and bone necrosis were observed 

(Figure 4. B, E). In the GSE group inflammation and 

bone involvement were less marked (Figure 4. C, F). 

 

Discussion 

We have studied the effects of a red grape seed 

extract in a well-established model of ligature-induced 

periodontitis. Based on the reduction of MDA levels and 

increase of GSH levels we have found that our product 

improves non-enzymatic antioxidant defense, reduces 

lipid peroxidation in plasma and periodontal tissues and 
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reduces inflammation and tissue injury related to ligature 

induced periodontitis. 

For some years now the literature indicates a role 

for radical species as pathogenetic factors in periodontal 

disease. There have been reports that oxidative stress 

markers are increased and antioxidant defenses are lower in 

periodontitis patients in comparison to healthy individuals 

(TOTHOVE & al [22], DAHIYA & al [23]). It has been 

suggested that severe periodontal disease is independently 

associated with oxidative stress and reduced antioxidant 

capacity (D’AIUTO & al [24]). There are evidences 

that oxidative stress is linked to inflammation in perio-

dontitis patients in whom peripheral neutrophils are 

hyperactive in terms of ROS release, even in the 

absence of exogenous stimulations (D’AIUTO & al [24], 

MATTHEWS & al [25]). 

In our study, the placement of a ligature around the 

first lower molar led to a large amount of neutrophils 

infiltrating the soft tissues surrounding the tooth. In this 

group we found also a significant increase of plasma 

MDA as compared to controls. MDA is frequently used to 

assess ROS related tissue injuries. In the Ligature group 

there has been a slight increase of plasma MDA level in 

the first day after the ligature, which we consider was  

a consequence of the procedure itself. In day 7 a significant 

increase of MDA was noticed in the Ligature group.  

The levels approached initial values and towards the end  

of the experiment. We attributed this augmentation of 

plasma lipid peroxidation product to the overproduction  

of ROS in gingival tissue as we found an increased 

gingival MDA in ligatured rats as compared to controls. 

This rationale is supported by the results of Wang et al., 

who indicated that lipid peroxidation products diffuse from 

the site of inflammation and can be measured in plasma 

(WANG & al [8]). Overproduction of reactive oxygen 

species is also suggested by the inverse correlation 

between plasma concentrations of MDA and GSH in 

ligature group with an increase of MDA and a decrease of 

GSH levels up to day 7. GSH is a small thiol molecule 

possessing many biological activities, such as detoxi-

fication, stabilization of cell membranes and antioxidant 

proprieties by scavenging free radicals and reducing 

peroxides (BAINS & al [26]). Being a non-enzymic 

antioxidant, GSH level is consumed in redox reactions.  

The above mentioned findings denote the presence of 

inflammation and oxidative stress in the periodontal 

tissues of ligatured rats. 

Histological alterations, such as periodontal tissue 

detachments and bone necrosis have been associated to 

inflammation and oxidative stress. 

If inflammation and reactive oxygen species play  

a role in the pathogenesis of periodontal disease, then 

administration of antioxidants may be beneficial. Some 

nutritional components can be targeted to this respect.  

La et al. showed that a grape seed extract inhibited the 

secretion of MMPs by Actinobacillus actinomyce-

temcomitans lipopolysaccharide stimulated macrophages 

and also reduced NFK-β levels in patients with perio-

dontitis (LA & al [27]). Jurikova has shown that poly-

phenols in berries of blue honeysuckle decreased lipid 

peroxidation, increased intracellular GHS levels and 

down-regulated proinflammatory cytokines in human 

gingival fibroblasts from medically healthy donors 

(JURIKOVA & al [28]). 

In the present study we have used a grape seed 

extract in a dosage we previously found to exert both 

antioxidant and anti-inflammatory effects. Our product 

diminished the extent of periodontal inflammation and 

oxidative stress compared to the non-treated ligatured 

rats. Similar results were reported by Özden (ÖZDEN &  

al [16]). This effect can be attributed to the antioxidant 

effects, as demonstrated by the decreased levels of MDA  

in this group for the whole duration of the experiment. 

Taking into account the steady and substantial 

increase in plasma GSH levels and also the inverse 

correlation between MDA and GSH plasma concentra-

tion in GSE treated animals, as observed in our study,  

the beneficial effects of the product we used can be 

attributed, at least in part, to the increase in GSH levels. 

Whether this increase is due to an augmentation of its 

synthesis or to the capacity of polyphenols to prevent  

its oxidation by quenching ROS, remains a matter of 

discussion. Zhen has reported that resveratrol, a major 

component in grapes, exerts antioxidant properties by 

increasing glutathione biosynthesis in an inflammation 

experimental model (ZHEN & al [29]). Resveratrol also 

reduces alveolar bone loss in experimental periodontitis  

in rats exposed to cigarette smoke by promoting higher 

levels of superoxide dismutase (SOD) and lower levels  

of nicotinamide adenine dinucleotide phosphatase oxidase 

(NADPH) (CORREA & al [30]). Systemic treatment with 

resveratrol reduced rheumatoid factor and anti-citrullinated 

protein antibodies (ACCPA) levels lowering the bone 

damage in rats with arthritis and periodontitis (CORREA  

& al [31]). Rayyan reported anti-inflammatory effects  

and reduced probing depth, gingival and plaque index 

values after applying a grape seed extract gel in perio-

dontal pockets in patients with chronic periodontitis 

(RAYYAN & al [32]). Xu showed that quercetin, a 

plant-derived polyphenol, increases GSH levels by indu-

cing γ-GCS expression and stimulating GSH synthesis  

(XU & al [33]). On the other hand, Afrin has demon-

strated that plant polyphenols modulate glutathione redox 

system in rat proximal colonic mucosa not by increasing  

its synthesis, but by preventing its oxidation (AFRIN & al 

[34]). These discrepancies could be explained by the 
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observation that different natural polyphenols exert diffe-

rent effects. 

In the present study, because GSH levels in GSE 

group are significantly higher than in controls, we assume 

that our product has the ability to augment its synthesis. 

This might be an important observation, since a number  

of papers reported decreased levels of GSH within the 

gingival crevicular fluid in periodontal patients (SAVITA 

& al [35]). 

Our results suggest a potential therapeutic appli-

cation of the grape seed extract we have used. Further 

research is needed to clearly identify the exact component 

in GSE that acts on oxidative stress and inflammation in 

ligature-induced periodontitis and the mechanisms of its 

bioactivity. Future biotechnological development for pro-

cessing the extract into an available drug has thus 

become an attractive perspective. 

 

Conclusion 

The grape seed extract from Vitis Vinifera, Burgund 

Mare variety (Recaş, Romania) proved protective anti-

inflammatory and antioxidant effects in a ligature-induced 

experimental model of periodontitis in rats by increasing 

the non-enzymatic antioxidant capacity, as well as 

decreasing periodontal tissue and plasma indicators of 

oxidative stress. It also improved the histological status  

of gingival tissue and bone. 
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