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Abstract
The purpose of this animal study was to evaluate the effects of hawthorn (Crataeus orienta-
lisMBieber.) extract on serum oxidative status and alveolar bone loss in experimental peri-

odontitis. Twenty-seven Wistar rats were assigned to one of the following groups: non-

ligated+placebo (saline) (NL, n = 9), ligature only+placebo (saline) (LO, n = 9), and ligature

and treated with hawthorn extract in saline (H, n = 9) (100 mg/kg orogastrically, once a day

for 11 days). Periodontitis was induced by submerging a 4/0 silk ligature in the sulcus of the

mandibular right first molars of rats, and the animals were sacrificed after 11 days. Micro-CT

examinations were performed for linear and volumetric parameter assessment of alveolar

bone. Periodontal tissues were histopathologically examined to assess the differences

among the study groups. Levels of serum total antioxidant status (TAS)/total oxidant status

(TOS), and oxidative stress index (OSI) were also analyzed. Alveolar bone loss was signifi-

cantly reduced by hawthorn administration compared to LO group (p<0.05). The number of

inflammatory cells and osteoclasts in the LO group was significantly higher than that of the

NL and H groups (p< 0.05). The number of osteoblasts in the LO and H groups was signifi-

cantly higher than that of the NL group (p<0.05). TOS and OSI levels were significantly re-

duced in H group compared to LO group (P <0.05) and TAS levels were similar in H and NL

group (p< 0.05). Hawthorn extract showed inhibitory effect on periodontal inflammation and

alveolar bone loss by regulating TAS, TOS and OSI levels in periodontal disease in rats

when administered systemically.

PLOS ONE | DOI:10.1371/journal.pone.0128134 June 1, 2015 1 / 11

OPEN ACCESS

Citation: Hatipoğlu M, Sağlam M, Köseoğlu S,
Köksal E, Keleş A, Esen HH (2015) The
Effectiveness of Crataegus orientalis M Bieber.
(Hawthorn) Extract Administration in Preventing
Alveolar Bone Loss in Rats with Experimental
Periodontitis. PLoS ONE 10(6): e0128134.
doi:10.1371/journal.pone.0128134

Academic Editor: Jin-Ran Chen, UAMS, UNITED
STATES

Received: March 5, 2015

Accepted: April 23, 2015

Published: June 1, 2015

Copyright: © 2015 Hatipoğlu et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: All relevant data are
within the paper.

Funding: The authors have no support or funding to
report.

Competing Interests: The authors have declared
that no competing interests exist.

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0128134&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Introduction
Periodontitis is a disease of oral cavity and the primary clinical features of periodontitis include
gingival inflammation, periodontal pocketing, alveolar bone loss and clinical attachment loss
[1]. This disease occurs by an interaction between dental microbial plaque and host response.
The microbial challenge causes an increased host response in the periodontium that is charac-
terized by the extreme production of inflammatory cytokines (e.g.interleukins, tumor necrosis
factor-α), enzymes [including the matrix metalloproteinases (MMPs)] and prostanoids (e.g.
prostaglandin E2) [2]. These pro-inflammatory mediators are responsible for the majority of
periodontal destruction. Excessive production of reactive oxygen species (ROS) by polymor-
phonuclear leukocytes is one of the important pathologic conditions in the periodontitis, and it
causes periodontal tissue damage through oxidizing DNA, proteins, and lipids [3, 4]. It was re-
ported that ROS are able to induce destruction of periodontal tissues and are related to osteo-
clastic bone resorption [5].

Hawthorn (Crataegus spp.) belongs to the Rosaceae family and grows in northern mild re-
gions such as Europe, East Asia, and eastern North America [6]. It has been reported that the
genus Crataegus contains nearly 21 species in Turkey [7]. Crataegus orientalisM Bieber. (also
known as Anatolian hawthorn) is indigenous to the Mediterranean region, Crimea, Turkey,
and western Iran [8]. The prepared extracts or tinctures from hawthorn leaves, flowers, and/or
fruits have been used traditionally since ancient times [9]. The plant is commonly used in the
treatment of cardiovascular diseases [10]. Additionally, considering the pharmacological stud-
ies, hawthorn extracts may also be used as antiinflammatory and antioxidant agents [8]. It has
been reported that hawthorns fruits have high flavonoid, vitamin C, glycoside, anthocynaidin,
saponin, tannin, and antioxidant levels [10]. In another study, it was demonstrated that the
water and ethanol extracts of hawthorn had H2O2 radical scavenging and total antioxidant ac-
tivity when compared to standards such as butylated hydroxyanisole and α-tocopherol [11]. In
a review, it was indicated that oral administration of extract provided a dose-dependent effect
in a model of carrageenan-induced rat paw edema and showed anti-inflammatory activity [12].
Some researchers also demonstrated that hawthorn extract has bactericidal effects [13, 14]. Niu
et al. reported that the antibacterial effect of ethanol extract was better than water extract
against Staphylococcus aureus and Klebsiella pneumonia [15]. Flavonoids and oligomeric
proanthocyanidins (OPCs), the fundamantal components of hawthorn, play role in most of the
pharmacological activity [6].

Based on the antiinflammatory and antioxidant properties of hawthorn, we hypothesized
that it may be beneficial in suppressing periodontal inflammation and alveolar bone loss in
periodontal disease. Therefore, the present study investigates the effects of systemic hawthorn
administration on serum oxidative stress and alveolar bone loss in experimental periodontitis
model in rats.

Materials and Methods

Experimental Design
All animal experiment procedures in this study were approved by the Animal Ethics Commit-
tee of Akdeniz University School of Medicine (Permit Number:98/2014). Twenty-seven male
Wistar rats (weight: 340±10g, 4 mo of age) were divided into three groups of nine animals
each: non-ligated+placebo (saline) (NL), ligature only+placebo (saline) (LO), and ligature and
treated with hawthorn extract in saline (H) (100 mg/kg per day for 11 days). They were housed
in specially designed wire cages and maintained on a 12 h–12 h light–dark cycle with a constant
room temperature of 25°C.
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Preparation of Hawthorn Extract
The ripe fruits of hawthorn were collected from a spice store from Erzincan, Turkey. The iden-
tification of hawthorn was performed by an an expert botanist. Mature fruit is orange or vari-
ous shades of red, almost round in shape. The fruits of hawthorn were dried at 25°C and
powdered in a grinder. The powder was extracted using ethanol (70%) and after filtration (ster-
ile gauze), was concentrated using a vacuum evaporator at 40°C, under reduced pressure. Phar-
macologic assays were carried out using dry crude extract dissolved in saline solution (vehicle).

Experimental Periodontal Disease Induction and Administration of
Hawthorn Extract
Experimental periodontitis induction was performed as in our previous animal studies [16,
17]. Animals were anesthetized with ketamine (40 mg/kg) and experimental periodontitis was
induced by placing a 4/0 silk suture in a subgingival position around the right mandibular first
molars. The ligatures were controlled every day, displaced apically into the gingival sulcus to
make sure a subgingival position. The animals were housed in individual wire cages and re-
ceived water and standard rat chow pellets ad libitum in both preligation and postligation
periods.

In the test group, the rats received hawthorn in saline orogastrically, at a dosage of 100 mg/
kg/day at placement of the ligature and daily until sacrifice. The ligatures were kept subgingiv-
ally for 11 days. Gingival inflammation signs (e.g. erythema and swelling) were noticed in the
gingival tissues around the ligatured teeth. There was no animal death at the end of the study.
After 11 days blood samples were obtained, the rats were sacrificed and their mandibles were
split in two equal pieces from the midline between the incisor teeth after surgical dissection.
The right piece of the mandibles were placed in bottles contains 10% formalin as in our previ-
ous study [17]. The blood samples were centrifuged at 3000x g for 10 min to obtain serum.
Subsequently, the serum samples were collected into a sterile polyproplene tube and kept at
-80°C until being analysed for the total antioxidant status (TAS), total oxidant status (TOS),
and oxidative stress index (OSI).

Microcomputed tomography (micro-CT) imaging
All mandibular samples were scanned using a high-resolution CT system (SkyScan 1172; Bru-
ker-microCT, Kontich, Belgium). The X-ray tube was operated at 100 kV and 100 μA using a
0.5 mm Al+Cu filter with a resolution of 7.93 μm pixels. Scanning was performed by 180° rota-
tion around the vertical axis, camera exposure time of 750 ms, rotation step of 0.3°, frame aver-
aging of 4, and random movement of 20. Each specimen was scanned for a total of 60 min. The
resulting two dimensional images (8-bit TIFF) were used to reconstruct axial cross-sections.
Axial cross sections of the samples were reconstructed using the system-reconstruction soft-
ware (NRecon v.1.6.3, SkyScan, Brucker-microCT) with a beam hardening correction of 55%,
smoothing of 2, and an attenuation co-efficient range of 0–0.0720. Three-dimensional recon-
structions were performed by using the same system-reconstruction software (NRecon v.1.6.3,
SkyScan, Brucker-microCT). CTAn v.1.12 (Skyscan, Bruker-microCT) and CT Vol v.2.2.1
(Skyscan, Bruker-microCT) softwares were used for linear and volumetric analysis.

Linear and Volumetric Alveolar Bone Measurements
Linear measurements. The alveolar bone loss (ABL) was assessed from images of two-di-

mensional (2D) micro-CT sections. Linear measurements were taken (in mm) from the
cemento-enamel junction (CEJ) to the alveolar bone crest (ABC) at the distal and mesial root
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of the first molar. All images were reoriented so that both the CEJ and the root apex appeared
in the same micro-CT slice (Fig 1A).

Volumetric micro-CT measurements. As each mandibular first molar is different in size,
a standard region of interest (ROI) has been formed according to the size of the first molar, in-
stead of forming a fixed ROI for each sample. Axially, a rectangle that is 0.33 mm far from each
direction of tooth crown has been set as ROI (Fig 1B). Vertically, coronal halves of the slices
through mesial root apex to the CEJ have been included to volume of interest (VOI) (Fig 1B).
Thus, a standard VOI suitable for tooth size has been formed for each first molar. Tooth parts
were removed from VOI and remaining bone volume in VOI has been recorded as mm3

(Fig 1C). Linear and volumetric analyses were performed by co-author (AK).

Histopathologic Evaluation
The specimens were decalcified in 10% EDTA for 2 months and embedded in paraffin. Mesio-
distally serial sections (5 μm) were taken and stained by using hematoxylin and eosin solutions.
Two sections (5μm) at x200 magnification were used for light microscopy assessment. The in-
terdental area between first and second molars was selected for histopathologic evaluation.
The number of osteoblasts, osteoclasts, and inflammatory cell infiltrate (ICI) were analyzed in
connective tissue, periodontal ligament and interdental septum by co-author (HHE). All of
the osteoblasts (mononuclei, cuboidal cells around the active bone formation surfaces) and
osteoclasts (multiple nuclei, ruffled border, and granular cytoplasm) were counted in the

Fig 1. A- Linear measurements are taken of ABL in the interdental space from the CEJ to ABC. (Green line: CEJ, red line: ABC, yellow line: Distance
(mm)). B- Axially, a rectangular-shaped region of interest that is 0.33 mm far from each direction of tooth crown. Vertically, a rectangular-shaped region of
interest include coronal halves of the slices through mesial root apex to the CEJ. C- Volumetric measurement with 3-D generated ROI.

doi:10.1371/journal.pone.0128134.g001
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periodontium morphologically as in our previous studies [16, 17]. TRAP staining (Sigma
Chemical Co., St Louis, MO, USA) was performed to identify and quantify osteoclasts.

Evaluation of TAS, TOS, and OSI Levels
TAS, TOS and OSI levels were determined as in our previous study [17]. Serum TAS was ana-
lysed by using a commercially available kit (Fully Automated 3rd Generation Total Antioxi-
dant Status (TAS) ASSAY KIT Product Code: RL0017, REL Assay Diagnostics, Mega Tıp,
Gaziantep, Turkey) developed by Erel [18] In this assay, the antioxidative effect of the sample
against a potent free-radical reaction initiated by the hydroxyl radical produced, is measured.
The results are obtained as millimoles of trolox equivalent per liter (mmol trolox equiv/l).
Serum TOS was analysed by using a commercially available kit (Fully Automated Total Oxi-
dant Status (TOS) ASSAY KIT Product Code: RL0024, REL Assay Diagnostics, Mega Tıp) de-
veloped by Erel [18] The assay is calibrated with hydrogen peroxide, and the results are
obtained in micromolar hydrogen peroxide equivalent per liter (μmol H2O2 equiv/l). TAS and
TOS levels were analysed by co-author (SK).OSI is an indicator of the degree of oxidative stress.
The percentage ratio of the TOS to the TAS is used to calculate OSI. To perform the calcula-
tion, the result unit of TAS, millimole of Trolox equivalent per liter, was converted to micro-
mole equivalent per liter, and the OSI value was calculated by the formula OSI = [(TOS, μmol/
L)/(TAS, μmol Trolox equivalent/L) × 100].

Statistical analysis
The statistical analysis was performed using a commercially available software program (SPSS
20.0, IBM, Chicago, IL, USA). The Shapiro-Wilk normality test was used to verify the normali-
ty of the data. The data were normally distributed and parametric tests were used. ANOVA test
followed by Tukey’s test for pair-wise comparisons were used for analyzing the number of oste-
oclast, osteoblast, inflammatory cells, alveolar bone loss (linear and volumetric measurements),
TAS, TOS and OSI values. A value of p<0.05 was considered statistically significant.

Results
Any signs of systemic illness were not observed throughout the study period. The 3D images
representive of each group are shown in Fig 2.

Fig 2. The 3D representative images of each group. A- NL group. B- LO group. C- H group.

doi:10.1371/journal.pone.0128134.g002

The Effects of Hawthorn Extract on Alveolar Bone Loss

PLOS ONE | DOI:10.1371/journal.pone.0128134 June 1, 2015 5 / 11



Micro-CT Findings
Significantly greater alveolar bone loss (mm) was observed in the LO group (1.31±0.19) com-
pared to H (0.83±0.14) and NL (0.68±0.10) groups (P<0.05; Fig 3A). The alveolar bone loss
was similar in the H and NL groups (P>0.05). Alveolar bone volume (mm3) was lower in the
LO group (8.37±2.63) compared to H (18.38±3.81) and NL (23.27±2.90) groups (P<0.05).
There was a significant difference between NL and H groups (P<0.05; Fig 3B).

Histopathologic Findings
The histological images representative of each experimental group are shown in Fig 4. The in-
flammatory infiltrate (/mm2) numbers in the study groups were presented in Fig 5A. The num-
ber of inflammatory infiltrate was greater in the LO group (213.56±43.32) compared with the
H (59.87±18.62) and NL (4.12±2.58) groups (p<0.05). There was also significant difference be-
tween H and NL groups (p<0.05).

Fig 5B presents number of osteoclasts (/mm2) in the study groups. Significantly higher
numbers of osteoclasts were observed in the LO group (15±4.56) compared with H (8.37±1.92)

Fig 3. A- Mean ABL in study groups (mm). B- Alveolar bone volume in study groups (mm3). * Significant difference compared to NL group. † Significant
difference compared to LO.

doi:10.1371/journal.pone.0128134.g003

Fig 4. The histological representive images of each experimental group. A- The histological images of NL group showing normal periodontium (red
arrows: erythrocytes).B- LO group showing intense inflammatory cells (green arrow: lymphocyte, black arrow: neutrophils) and dilated blood vesselsC- The
histological images of H group showing moderate inflammatory cell infiltrate in periodontal ligament (Yellow arrows show inflammatory cells). (ab: alveolar
bone, pdl: periodontal ligament).

doi:10.1371/journal.pone.0128134.g004
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and NL (2.12±1.24) groups (p<0.05). Significant difference was also found between H and NL
groups (p<0.05).

The number of osteoblasts (/mm2) was presented in Fig 5C for the study groups. Osteoblasts
were found in all rats. The osteoblasts numbers were greater in the LO (12.12±3.27) and H
(14.25±3.73) groups compared with NL group (6.5±2.87) (p<0.05). The osteoblast numbers
were similar in LO and H groups (p>0.05).

Serum TAS, TOS and OSI Levels
TAS, TOS and OSI levels were presented for each group in Fig 5. TAS levels were significantly
lower in LO group (0.18±0.11) compared to NL (0.80±0.27) and H (0.81±0.35) groups (p<0.05;
Fig 5D). TAS levels were similar in NL and H groups (p>0.05; Fig 5D). TOS levels were signifi-
cantly higher in LO group (3.64±1.45) compared to NL (0.07±0.04) and H (0.14±0.05) groups
(p<0.05; Fig 5E). TOS levels were similar in NL and H groups (p>0.05; Fig 5E). OSI levels were
significantly higher in LO group (3.76±4.69) compared to NL (0.01±0) and H (0.02±0.02)
groups (p<0.05; Fig 5F). OSI levels were similar in NL and H groups (p>0.05; Fig 5F)

Discussion
Hawthorn species are medicinal plants used as a folk medicine, which have flavonoids, triter-
pene acids, proanthocyanidins, and organic acids as essential components. Cardiovascular pro-
tective activity of hawthorn fruit has come into prominence in numerous pharmacological
studies. Additionally, some studies have reported on antioxidant, antiinflammatory and anti-
carcinogenic effects of hawthorn [13].

To our knowledge, this is the first study evaluating the effect of hawthorn extract administra-
tion on serum oxidative status and alveolar bone loss in experimental periodontitis model in rats.

Animal models for periodontitis have both advantages and disadvantages. Various animals
are used for periodontitis model such as monkeys, dogs, pigs and rats [19, 20]. Although mon-
keys, pigs and dogs develop natural or experimental periodontitis similar to humans, the

Fig 5. A- The number of inflammatory cells (/mm2) in the study groups. B- The number of osteoclasts (/mm2) in the study groups.C- The number of
osteoblasts (/mm2) in the study groups.D- TAS in the study groups. E- TOS in the study groups. F-OSI levels in the study groups. * Significant difference
compared to NL group. † Significant difference compared to LO.

doi:10.1371/journal.pone.0128134.g005
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expense of, special husbandry requirements and ethical issues for these animals limit their use
in periodontal studies [19, 20]. Rats are resistant to the occurrence of periodontitis but they
are easy to handle and used in experimental periodontitis models because periodontal anatomy
is quite similar to that observed in humans [19, 20]. Also they can be obtained with different
microbial status and genomes [20]. Humans are not equally susceptible to the periodontal in-
fections, but rats used in experimental periodontitis models have similar susceptibility to peri-
odontal disease [19].

Various techniques have been described in the literature to induce periodontitis in rats,
such as the introduction of pathogenic microorganisms, dietary manipulation and the ligature
placement [21–23]. Lima et al [24] reported that inflammatory cells, involving lymphocytes
and osteoclasts, appeared underneath the ligature; significant alveolar bone loss was induced
after 7 days, reached a peak point between days 7 and 11, and declined at day 14. In another
study, Lima et al [25] indicated that remarkable inflammatory cell infiltration, and intense ce-
mentum destruction were shown on the 11th day after periodontitis induction. Furthermore,
they also reported that leukocytosis with significant neutrophilia at 6 hours and lymphomono-
cytosis at 11 days was observed, suggesting a systemic impact of the experimental periodontitis.
In this present study, the ligature was placed around the first molar teeth for 11 days, as in pre-
vious studies [5, 26, 27].

In healthy condition, there is a balance among ROS and antioxidants [28]. A disturbance in
favour of ROS production causes oxidative stress under pathological conditions [29]. Excessive
ROS production has been associated with pathogenesis of many human diseases such as ath-
erosclerosis, diabetes mellitus and periodontal diseases [28, 29]. Many researches have shown
the antioxidant effect of Hawthorn. It was demonstrated that the genotoxicity induced by
gamma irradiation was reduced through antioxidant activity of hawthorn extract in bone mar-
row cells [30]. Popovic-Milenkovic et al. reported that Species Crataegus nigra fruits hydroal-
coholic extract showed antioxidant activity [31]. In another study, it was indicated that flowers,
leaves and fruits of C.monogyna had H2O2 radical scavenging, total antioxidant activity and
may be used as source of natural antioxidants [11]. Bor et al. demonstrated that ethanol extract
of hawthorn exhibits noticeable antioxidant activity in vivo[8] TOS and OSI are indicators of
the degree of oxidative stress [32]. In our study, it was observed that serum TOS and OSI levels
were higher in LO group compared to the NL group. Systemic Hawthorn administration signif-
icantly reduced TOS and OSI levels compared to LO group. While TAS levels were similar in
NL and H groups, higher in H group compared to LO group. This condition may be explained
with antioxidant effect of hawthorn extract. Increased TAS and decreased TOS and OSI levels
in H group may reduce alveolar bone loss compared to LO group in this present study.

Although osteoblast numbers were similar in H and LO groups, the lower osteoclast number
in H group compared to LO group were observed in our study. In various in vitro and in vivo
studies, it was indicated that oxidative stress diminished the level of bone formation by de-
pressing the osteoblasts differentiation and survival [33]. Additionally, it has been demonstrat-
ed that ROS stimulate bone resorption through activating osteoclasts [33]. Decreased
osteoclast number in H group may be explained by inhibitory effect of hawthorn on oxidative
stress based on TOS and OSI levels in our study. Various studies demonstrated that antioxidant
agents provide increased osteoblast and decreased osteoclast numbers in experimental rat peri-
odontitis models [16, 17, 26]. This present study was in agreement with these studies.

In the literature, anti-inflammatory effect of hawthorn has been also demonstrated. Kao
et al. reported that the release of PGE2 and nitric oxide as induced by lipopolysaccharide were
decreased by the dried fruits of Crataegus pinnatifida in macrophage RAW 264.7 cells. In the
same study they also observed that Crataegus pinnatifida decreased the hepatic expression of
iNOS and COX-2 induced by LPS in rats [34]. In another study, it was demonstrated that C.
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orientalis significantly inhibited carrageenan-induced paw edema in mice and displayed a
dose-dependent antiinflammatory effect [8]. Malekinejad et al. reported that hydroalcoholic
extract of hawthorn berries decreased colitis-induced edema and infiltration of neutrophils
in experimentally induced colitis in rats [35]. It was also known that ROSs play an important
role in tissue damage by stimulation of pro-inflammatory cytokine release by monocytes and
macrophages [36]. Considering this finding, hawthorn extract may show an anti-inflammatory
effect because of its antioxidant activity. In our study, inflammatory cell infiltrate was signifi-
cantly lower in H group compared to LO group. This observation may be related to anti-in-
flammatory effect of hawthorn.

Various dosages of hawthorn extract have been used in studies. Kao et al. used 50, 100 and
200 mg/kg hawthorn extract in rats to investigate the anti-inflammatory potential of the flavo-
noid contents from dried fruits of C. pinnatifida in vivo [34]. In another study, the same dos-
ages in study of Kao et al [34] were used to evaluate the anti-inflammatory effect of hawthorn
in mice. They demonstrated that the liver pathological changes caused by LPS in the animals
pretreated with hawthorn (100 mg/kg) were reduced [8]. Malekinejad et al. used 100 mg/kg
hawthorn extract to investigate the protective effect of hydroalcoholic extract of hawthorn ber-
ries on acetic acid–induced colitis in rats [35]. It was stated that mice and rats have been safely
given a standardized extract at doses up to 3 g/kg body weight [12]. Unremarkable adverse
events have been shown in studies using excessive dosing of hawthorn flower extract (600 mg/
kg/day; flavonoids) over 30 days for rats [12]. We used 100 mg/kg hawthorn extract orogastri-
cally as in previous study of Malekinejad which antioxidant and anti-inflammatory effects of
hawthorn were observed [35]. We observed no adverse effects in animals.

Local applications has some advantages over the systemic administration, including the
maintenance of significant concentrations of agent for sufficient lengths of time within the
periodontal pocket and minimal or no side effects [37]. Local application could be more prefer-
able if its antibacterial effect was evaluated in this present study. But we aimed to investigate
the possible antioxidant and antiinflammatory effect of hawthorn. Thus we preferred the sys-
temic route.

In conclusion, we observed that systemic administration of hawthorn extract has beneficial
effects in reducing inflammation and alveolar bone loss by regulating TAS, TOS and OSI levels
in periodontal disease in rats. Studies evaluating antibacterial effect of hawthorn extract should
be conducted by deteminig the appropriate dosage with in vitro experiments in the future.
Hawthorn extract may be clinically promising agent for the prophylaxis of periodontitis.
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