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Surgery, Faculty of Dentistry, Gaziosmanpaşa University, Tokat, Turkey; cDepartment of Histology and Embryology, Faculty of Medicine,
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ABSTRACT
Objective: The aim of present study was to determine the effects of conjugated linoleic acid enriched
milk on alveolar bone loss, hyperglycaemia, oxidative stress and apoptosis in ligature-induced peri-
odontal disease in diabetic rat model.
Methods: Wistar rats were divided into six experimental groups: 1; non-ligated (NL, n¼ 6) group, 2;
ligature only (LO, n¼ 6) group, 3; streptozotocin only (STZ, n¼ 8) group, 4; STZ and ligature (STZþ L,
n¼ 8) group, 5; ligature and conjugated linoleic acid (CLA) (LþCLA, n¼ 8) group, 6; STZ, ligature and
CLA group (STZþ LþCLA, n¼ 8) group. Diabetes mellitus was induced by 60mg/kg streptozotocin.
Rats were fed with CLA enriched milk for four weeks. Silk ligatures were placed at the gingival margin
of lower first molars of mandibular quadrant. The study duration was four weeks after diabetes induc-
tion and the animals were sacrificed at the end of this period. Changes in alveolar bone levels were
clinically measured and tissues were histopathologically examined. Inducible nitric oxide synthase
(iNOS) and Bax protein expressions, serum interleukin-1b (IL-1b), low-density lipoprotein (LDL), high-
density lipoprotein (HDL) and triglyceride levels and tartrate resistant acid phosphatase
(TRAP)þ osteoclast numbers were also evaluated.
Results: At the end of four weeks, alveolar bone loss was significantly higher in the STZþ LO group
compared to the other groups (p< .05). CLA decreased alveolar bone loss in LþCLA and
STZþ LþCLA groups. CLA significantly decreased TRAPþ osteoclast numbers and increased osteo-
blastic activity compared to the STZþ L group (p< .05). Diabetes and CLA increased Bax protein levels
(p< .05) however CLA had no effect on iNOS expression (p> .05).
Conclusion: Within the limits of this study, commercial CLA product administration in addition to diet
significantly reduced alveolar bone loss, increased osteoblastic activity and decreased osteoclastic activ-
ity in the diabetic Wistar rats.
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Introduction

Diabetes mellitus is a clinically and genetically heterogeneous
group of metabolic disorders characterized by abnormally
high levels of glucose in the blood, altered glucose tolerance,
and impaired lipid and carbohydrate metabolism.[1] It is
associated with a number of complications directly resulting
from hyperglycaemia. These complications include retinop-
athy, end-stage renal disease, a variety of debilitating neuro-
pathies, poor wound healing, enhanced risk of infection, and
periodontal disease.[2–4]

Diabetes mellitus is a significant risk factor of periodontal
disease and increases the severity of periodontal inflamma-
tion. A reciprocal relationship between diabetes mellitus
and periodontal disease has been suggested in the litera-
ture.[5–8] In this regard, it has been shown that gingival
inflammation in response to bacterial plaque was stronger in
individuals with diabetes and the prevalence and severity of
periodontitis increased with poor glycaemic control.[9,10] In
addition to the impact of diabetes on periodontal diseases,

inflammation in periodontal tissue has also a significant
effect on development of diabetes and diabetic
control.[11,12]

Conjugated linoleic acid (CLA) describes a group of pos-
itional and geometric isomers of polyunsaturated fatty acid
(PUFA) octadecadienoic acid containing two conjugated dou-
ble bonds.[13] It is also available as a dietary supplement
purported to cause weight loss. The major isomers of CLA
found in dietary supplements are an equal ratio of cis-9,
trans-11 (c9t11)-CLA, and trans-10, cis-12 (t10c12)-CLA. CLA
has some isomer specific activity such as c9t11 CLA inhibits
progression [14,15] and induces regression [16] of athero-
sclerosis in animal models and the t10c12- CLA isomer is
responsible for the adipose-lowering effects.[17,18]

In addition, it is reported that t10c12 CLA could increase
bone mass. In mice fed with CLA in experimental diets, volu-
metric bone mineral content, bone area, and BMD of tra-
becular and cortical bone were increased despite decreases
in body weight gain.[19] Rahman et al. [20] demonstrated
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� 2016 Acta Odontologica Scandinavica Society

ACTA ODONTOLOGICA SCANDINAVICA, 2017
VOL. 75, NO. 1, 21–29
http://dx.doi.org/10.1080/00016357.2016.1244355



that CLA decreased production of interleukin 6, tumour
necrosis factor-a, receptor activator of NF-jb ligand
(RANKL), and bone resorption biomarker TRAP5b. It is also
suggested that CLA prevents bone loss, inhibits accretion of
fat mass and loss of muscle mass in aged mice.[21] The
anti-osteoclastogenic effect of CLA was also shown in ovar-
iectomized rats by lowering a marker of bone resorption,
urinary pyridinium crosslinks.[22] CLA was also found to
increase osteoblast differentiation in mesenchymal stem
cells.[23] It is concluded that CLA protects both cancellous
and cortical bone mass and has no adverse effects on bone
due to loss of body weight.[24] These favourable effects of
CLA might be beneficial in preventing periodontal bone
loss.

The aim of present study is to determine the effects of
conjugated linoleic acid enriched milk on alveolar bone loss,
hyperglycaemia, oxidative stress and apoptosis in ligature-
induced periodontal disease in diabetic Wistar rats.

Materials and methods

Animals and experimental model

Ethical approval was received from the Gaziosmanpasa
University Animal Ethics Committee of School of Medicine.
All experimental procedures were performed at the
Gaziosmanpasa University Laboratory of Experimental
Animals Research Centre. The authors declare that adequate
measures were taken to minimize pain or discomfort during
the study. In total, 44 Wistar male rats were used in the
experiment. Rats were kept in individual cages in a room
with light-dark cycles of 12 h received water and food ad libi-
tum. The rat chow was consisted of at least 85% dry sub-
stance, 21% raw protein, 3.5–7% raw cellulose, 6–8% ash and
provided 2600–3100 kcal/kg energy (MBD chows, MBD Ltd.,
Kocaeli, Turkey).

Their body weight ranged from 390 to 450g at the begin-
ning of the experiment. The animals were randomly divided
into six groups as follows:

� Non-ligated group (NL, n¼ 6)
� Ligature-only group (LO, n¼ 6)
� Ligature plus CLA group (for four weeks) (LþCLA, n¼ 8)
� Streptozotocin only group (STZ, n¼ 8)
� STZ and ligature group (STZþ L, n¼ 8)
� STZ and ligature plus CLA (for four weeks) group

(STZþ LþCLA, n¼ 8)

Induction of diabetes

Diabetes was induced by a single intraperitoneal injection
of 60mg/kg body weight streptozotocin (STZ, Sigma-Aldrich,
St Louis, MO) dissolved in citrate buffer (0.01 M, pH 4.5).
Blood glucose levels were measured with a glucometer
(IME-DC, Oberkotzau, Germany) from tail vein before the
procedure and at the 3 days after diabetes induction
(Table 1). The glucose level greater than 300mg/dl con-
firmed the presence of diabetes. Along with the blood glu-
cose levels weights of the rats were measured before the
procedure and at the 3 days after diabetes induction. Blood
glucose levels and weights of the rats were measured
weekly until the end of the study.

Induction of experimental periodontitis

One day after diabetes confirmation periodontal disease was
induced via placing silk sutures. The rats in the STZþ LO and
STZþ LþCLA groups and the rats in LþCLA and LO groups
received ligature placement. The procedure was performed
under general anaesthesia using ketamine (40mg/kg,
Eczacibasi Ilac Sanayi, Istanbul, Turkey). A 4–0 silk suture
(Dogsan Ilac Sanayi, Istanbul, Turkey) was sub-marginally
placed around the first molars of right mandibular quadrants.
The sutures were checked after application, and lost or loose
sutures were replaced. All ligatures placed by the same
operator.

CLA product administration

CLA products were in the form of 1000mg gel capsules
(Hardline CLA). Commercial CLA products contain 1000mg
CLA in one capsule and generally recommended daily 1 to
3 capsules for an average-sized person (for three capsules
the dose is approximately 40mg/kg). CLA product was
administered by drinking daily prepared CLA-enriched milk.
Half capsule of CLA was dissolved in 1 litre of milk and div-
ided into two bottles for the rats in the LþCLA and
STZþ LþCLA groups. This is approximately 30mg and rats
ingested CLA-enriched milk every day for four weeks. This
dosage is chosen according to the studies reported by Ortiz
et al. and Giordano et al. [25,26] The CLA content of normal
milk, CLA capsule and CLA-enriched milk were chemically
detected.

After four weeks the animals were sacrificed and the
blood samples were taken by cardiac puncture.

Table 1. Biochemical markers in Wistar rats at day 28.

Study groups NL LO Lþ CLA STZ STZþ L STZþ Lþ CLA

Weight (gr) Baseline 368.00 ± 28.00 373.00 ± 35.00 409.00 ± 6.00 349.00 ± 39.00 345.00 ± 44.00 378.00 ± 34.00
Day 28 402.00 ± 40.00 413.00 ± 57.00 399.00 ± 16.00 348.00 ± 32.00 340.00 ± 56.00 349.00 ± 40.00
Glucose (pg/dL) Baseline 105.00 ± 5.00 113.00 ± 2.00 110.50 ± 9.70 397.00 ± 50.00 326.00 ± 20.00 339.00 ± 50.00
Day 28 107.00 ± 5.00 110.00 ± 3.00 110.80 ± 8.80 440.00 ± 40.00 368.00 ± 40.00 357.00 ± 79.00
IL-1b (pg/mL) 105.00 ± 37.00 77.00 ± 50.00 109.30 ± 65.10 162.00 ± 105.00 142.00 ± 59.00 97.40 ± 45.90
LDL (mg/dL) 6.00 ± 1.80 10.20 ± 1.70a,b 10.60 ± 2.80b 4.60 ± 1.20 8.60 ± 2.10b 8.40 ± 4.90
HDL (mg/dL) 45.10 ± 5.10 58.50 ± 7.40 56.10 ± 7.80 49.60 ± 10.10 52.30 ± 7.30 63.20 ± 9.80a

Triglyceride (mg/dL) 123.70 ± 21.30 92.20 ± 26.70a 75.20±8.50b 139.50 ± 55.30 74.90 ± 23.20a 95.70 ± 29.50

Weight, blood glucose, serum IL-1b, serum LDL cholesterol, serum HDL cholesterol and serum triglyceride levels in the study groups at the day 28 are shown.
ap< .05 vs. non-ligated group.
bp< .05 vs. STZ only group.
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Measurement of alveolar bone loss

After the decapitation of rats, the mandibles were carefully
removed and the gingival tissues around the molar teeth
were excised. Then mandibles were stained with aqueous
methylene blue (1%, Merck & Co., Inc., Whitehouse Station,
NJ) to identify the cemento-enamel junction (CEJ). The alveo-
lar bone height was measured under a stereomicroscope by
means of digital image software (16x magnification) (Stemi
2000 and Axiovison 4.8, Carl Zeiss, Jena, Germany). The meas-
urements were performed by recording the distance from
the CEJ to the alveolar bone crest at three points on both
the buccal and lingual sides to quantify the alveolar bone
level. A mean value for each tooth was calculated. The mor-
phometric measurement of alveolar bone loss was performed
by a single examiner who was calibrated and unaware of the
identity of samples. Calibration was achieved by measuring
15 different samples three times and the results of the meas-
urements showed r value of .99 meaning 99% reproducibility.
After achieving 99% accuracy, the examiner measured the
samples of present study.

Histopathological evaluation

Right mandibles were fixed in 10% neutral buffered formalin.
The tissues were then decalcified in a fixative-added decalcifi-
cation solution (GBL Co., Istanbul, Turkey) containing a fixa-
tive and ethylenediamine- tetra-acetic acid with a change
twice a week for 10 weeks until decalcification was com-
pleted and then the decalcified specimens were dehydrated
through an ethanol series and embedded in paraffin. The
periodontal tissues in the mesial and distal part of the man-
dibular first molar tooth were observed. Histological analysis
was performed by a single examiner who was also blinded
to the identity of samples. Each sample was sliced into 5mm
continuous sections and prepared for haematoxylin and
eosin (H&E) and histochemical staining for TRAP and immu-
nohistochemistry staining for iNOS and Bax. Osteoblast cells,
i.e. forming surfaces, by the visibility of active bone formation
surfaces that were bordered by the osteoid and cuboidal
osteoblasts in the examined area were counted.

TRAP histochemistry
Deparaffinized sections were subjected to TRAP staining, to
identify osteoclasts. TRAP staining was performed according
to the protocol Leong et al. demonstrated.[27] Firstly rehy-
drated specimens were treated with 0.2 M acetate buffer, a
solution of 0.2 M sodium acetate and sodium tartrate
dibasic dehydrate (Sigma-Aldrich, St Louis, Missouri, USA).
After 20min incubation at room temperature, napthol AS-
MX phosphate and fast red TR salt (Sigma-Aldrich, St Louis,
Missouri, USA) were added and followed by incubation at
37 �C for 1 hour. Bright red staining of the
TRAPþ osteoclasts was closely monitored under the micro-
scope. Stained sections were washed in de-ionized water
and sections were counterstained with Gill’s hematoxylin
and analyzed using light microscopy (Nikon Eclipse, E 600,
Tokyo, Japan).

iNOS and Bax immunohistochemistry
iNOS immunohistochemistry was performed in order to
evaluate nitric oxide activity and Bax immunohistochemistry
was performed in order evaluate apoptosis. Bax is a member
of bcl family and Bax/bcl ratio is considered to be an indica-
tor of apoptosis or survival in the cell.[28,29] After deparaffi-
nization and dehydration of the sections, antigen retrieval
was performed using 10mM sodium citrate buffer (pH 6.0)
for 2 h at 70 �C. Then the sections were treated with 3%
hydrogen peroxide to quench endogenous peroxidase activ-
ity. After incubation with normal rabbit serum for 30min,
samples were incubated with primary antibodies overnight.
The antibodies and conditions used were as follows: goat
polyclonal anti-iNOS (Abcam, 1:100) and Bax (Abcam, 1:100)
antibody (Abcam plc, Cambridge, UK). After washing five
times with phosphate buffered saline (Abcam plc,
Cambridge, UK), the sections were incubated with biotiny-
lated immunoglobulin G for 30min, washed several times
with phosphate-buffered saline and reacted with streptavi-
din–horseradish peroxidase conjugated reagent (ab7403,
Abcam plc, Cambridge, UK) for 30min. Following three times
5-min washes with phosphate-buffered saline, samples were
incubated with DAB chromogen to visualize the immunoreac-
tivity. Sections were counterstained with haematoxylin and
analyzed using light microscopy. Alveolar bone areas sur-
rounding roots of the first molars were examined and iNOS
evaluation was made by measuring the iNOSþ areas of the
bone surrounding teeth. The percentage of iNOSþ area to
the examined area was calculated. iNOS presence less than
25% of the areas surrounding teeth were scored as ‘1’,
%25–50 were scored as ‘2’, %50–75 were scored as ‘3’ and
more than %75 were scored as 4. Bax evaluation was per-
formed same as iNOS.

Histopathology of liver
In order to evaluate the effects of CLA on diabetic and non-
diabetic liver tissue, livers of the rats were removed and fixed
in 10% neutral buffered formalin. After embedding in paraf-
fin, tissues were sectioned at 5lm thickness and stained with
haematoxylin and eosin (HE) for light microscopic examin-
ation. On examination, particular attention was paid to hepa-
tocytes (vacuolation, necrosis), blood vessels (congestion,
haemorrhage, fibrin aggregation, venulitis or arteritis), bile
ducts (inflammation, necrosis), the presence of cellular infil-
trates (neutrophils, lymphocytes, eosinophils), and interstitial
tissue (fibrosis).

Serum IL-1beta levels

The effect of CLA on pro-inflammatory cytokine levels were
analyzed via using rat-specific ELISA (eBioscience Inc., San
Diego, CA) kit for serum IL-1beta levels, in accordance with
the manufacturer’s instructions. After halting colour develop-
ment, the optical density was measured using a computer-
ized micro-titre plate reader set to a wavelength of 450 nm.
The cytokine levels were calculated from standard curves.
The sensitivity of the IL-1beta ELISA was 4pg/mL.

ACTA ODONTOLOGICA SCANDINAVICA 23



Statistical analysis

Data were presented as mean± SD or percentage as appro-
priate. Results and statistical analysis were elaborated with
the SPSSVR software (Version 20.0.0, SPSS Inc., Chicago, IL).
One sample K-S test was used and the results of one sam-
ple K-S test showed that data were following normal distri-
bution. The power of present study is 99%. Osteoclast
numbers, alveolar bone loss, iNOS, Bax, osteoblast num-
bers, IL-1beta levels, body weight, blood glucose levels and
lipid levels were evaluated with ANOVA followed by Tukey
test for pair-wise comparisons. Weekly body weight and
blood glucose levels were evaluated with ANOVA for
repeated measures. p< .05 were considered statistically
significant.

Results

No complications arose. Weights and blood glucose levels
are shown in Table 1. CLA did not cause any positive effect
on diabetic control, no significant difference was observed
regarding the repeated weight and glucose level among the
study groups (p> .05).

Morphometric measurements

The presence of the silk ligature around of the first molar
induced an inflammatory reaction in the periodontal tissue.
Measurement of alveolar bone loss in the mandibular
molar tooth revealed significantly higher bone loss values
in the STZþ L group compared to the other groups
(p< .05) (Figure 1). Diabetes increased the severity of
alveolar bone loss in the STZþ L group and CLA normal-
ized the negative effects of diabetes on periodontal
destruction. Also there was no significant difference in
alveolar bone loss among the NL, STZ and LþCLA groups
(p> .05). The difference between the LO and STZþ LþCLA
groups in alveolar bone loss was not significant either
(p> .05). CLA reduced the bone loss in LþCLA group to
the control levels.

Histopathological analyses

Typical histological view for groups was shown in
(Figure 2(A–C)). ICI in the NL group was significantly lower
than those of the other groups (p< .05). The highest ICI
score was observed in the STZþ L group and there were sig-
nificant difference between STZþ L and LO groups and
STZþ L and STZþ LþCLA groups (p< .05) but there was no
significant difference between LO and LþCLA (p> .05). The
ICI score of the groups are shown in the Table 2.

There was no significant difference in osteoblast numbers
between the NL and STZ groups (p> .05). Also, the

Figure 1. Alveolar bone loss in Wistar rats at day 28. Stereomicroscope meas-
urements of the study groups at the day 28. �p< .05 vs. NL group, †p< .05 vs.
LO group, ‡p< .05 vs. Lþ CLA group, §p< .05 vs. STZ only group, ��p< .05 vs.
STZþ L group. NL: Non-ligated group, n¼ 6; LO: ligature-only group, n¼ 6;
Lþ CLA: ligature plus CLA group, n¼ 8; STZ: streptozotocin only group, n¼ 8;
STZþ L: STZ and ligature group, n¼ 8; STZþ LþCLA: STZ and ligature plus CLA
group, n¼ 8.

Figure 2. Representative samples of Bax-stained periodontium from Wistar rats. Histological images at the day 28. (A–C) Haematoxylin-eosin staining of the study
groups. (D–F) Bax immunohistochemistry staining. (A) NL group (HE, �100), (B) STZþ L group (HE, �400), (C) STZþ LþCLA group (HE, �400), (D) NL group
(�100), (E) STZþ L group (�400), (F) STZþ LþCLA group (�100). Ab: alveolar bone; c: cementum; d: dentin; Pl: periodontal ligament.
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osteoblast numbers in the STZþ L group was significantly
lower than those of the NL and LþCLA groups (p< .05)
(Table 1). There was no significant difference in osteoblast
cell counts among the other groups (p> .05).

TRAP histochemistry
View of the representative slides presents TRAPþ osteoclasts
(Figure 3(A–F)). The osteoclast numbers of the study groups
were shown in the Figure 4. The osteoclast numbers were
highest in the STZþ L group and lowest in the LþCLA and
STZþ LþCLA groups. The differences were statistically sig-
nificant (p< .05). CLA-enriched milk significantly decreased
TRAPþ osteoclast numbers in LþCLA and STZþ LþCLA
groups compared to the other groups (p< .05). There were
no significant difference between LþCLA and STZþ LþCLA
groups regarding to osteoclast numbers (p> .05).

iNOS and Bax immunohistochemistry
Histological view of the representative slides were shown in
the Figures 2 and 3 (Figure 2 (D–F), Figure 3(G–I)).There were
no significant difference in iNOS scoring among the groups
(p> .05). Bax protein expressions were significantly higher in
the STZþ LþCLA group than NL and LO groups (p< .05).
Periodontitis had no effect on apoptosis however diabetes
increased Bax protein levels in STZ, SZþ L and STZþ LþCLA
groups. Diabetes and CLA both increased Bax expressions.
iNOS and Bax expression levels are shown in the Table 2.

Histopathology of liver
The liver of the NL group had normal structure with well-
organized hepatocytes around central veins. In group LO, liver
morphology showed small aggregates of polymorphonuclear

Table 2. Quantitative immunohistological and morphometric measures in Wistar rats at day 28.

Groups NL LO Lþ CLA STZ STZþ L STZþ LþCLA

iNOS 1.10 ± 1.40 1.00 ± 0.90 1.30 ± 1.20 2.00 ± 0.90 2.00 ± 0.40 1.30 ± 0.50
Bax 0.33 ± 0.51 0.50 ± 0.54 2.00 ± 0.89a,b 1.66 ± 0.51a 1.66 ± 0.51a 2.16 ± 0.75a,b

Osteoblast Numbers 25.50 ± 2.90 21.50 ± 2.90 37.60 ± 8.70b 24.20 ± 13.30 18.70 ± 4.50a 34.60 ± 2.80
Inflammatory cell infiltration 0 ± 0b 1.30 ± 0.50b 2.30 ± 0.50a 2.00 ± 0.60b 3.30 ± 0.50 1.30 ± 0.50a,b

iNOS expressions, osteoblast numbers and inflammatory cell infiltrate scores of the study groups at the day 28 were shown.
ap< .05 vs. non-ligated group.
bp< .05 vs. STZþ L group.

Figure 3. Representative samples of TRAP- and iNOS-stained periodontium from Wistar rats. Histological images at the day 28. (A–F) TRAP enzymohistochemistry
staining of the study groups, (G–I) iNOS immunohistochemistry staining. (A) Control group (�100), (B) LO group (�400), (C) STZ group (HE, �400), (D) STZþ L
group (�400), (E) Lþ CLA group (�100), (F) STZþ LþCLA group (�100), (G) STZ group (�100), (H) STZþ L group (�400), (I) STZþ LþCLA group (�100). Ab: alveo-
lar bone; c: cementum; d: dentin; Pl: periodontal ligament. Black arrow points at osteoclast cell.
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scattered throughout the sinusoidal spaces. The histopatho-
logical sections of the liver of the diabetic rats in both STZ
and STZþ L groups showed degenerative changes in the hep-
atocytes represented by disorganization of the hepatic cords,
cytoplasmic vacuolization, congestion of the central veins with
mild hepatocellular necrosis and the sinusoids were infiltrated
by mild nonspecific inflammatory cells. Livers of the rats in the
LþCLA group showed normal liver morphology. In
STZþ LþCLA group, the hepatocytes showed morphological
change such as pyknosis and cytoplasmic vacuolization. In
addition, there was no evidence of inflammatory cells infiltra-
tion in the livers of the CLA-treated diabetic rats.

Biochemical analyses

Serum IL-1beta levels
There were no significant differences in serum IL-1beta levels
among the study groups (p> .05).

Serum LDL, HDL, triglyceride levels
LDL, HDL cholesterol and triglyceride levels in serum are shown
in Table 1. LDL cholesterol levels were lowest in the STZ group
and highest in the LþCLA group. The differences between NL
and LO, NL and LþCLA groups were statistically significant
(p< .05). Besides, LDL cholesterol levels were statistically lower
in STZ group than LO and LþCLA groups (p< .05).

Serum HDL cholesterol levels were significantly lower in
NL group than LO and STZþ LþCLA groups (p< .05).

Serum triglyceride levels in NL group was significantly
higher than LO and STZþ L groups (p< .05). There were no
significant differences among the other groups (p> .05).

Discussion

The present study evaluated the effects of CLA supplementa-
tion on experimental periodontitis and found that CLA

supplementation significantly reduced alveolar bone loss in
experimental periodontitis in both diabetic and non-diabetic
rats. This study is the first study to report that CLA, as a diet-
ary supplement agent, reduced periodontal destruction. Bone
destruction is the result of disrupted bone remodelling
caused by a relative increase in osteoclastic activity and/or
decrease in osteoblastic activity. In present study, CLA
reversed disrupted bone remodelling in diabetic rats with
periodontitis by decreasing osteoclastic activity along with
the inflammatory cell infiltration and increasing osteoblast
counts. These results support the morphometric results show-
ing that CLA prevented alveolar bone loss.

This preventive effect of CLA on bone resorption observed
in our study is supported by the literature reporting that CLA
supplementation reduced the rate of bone resorption in
osteoporotic rats and prevented bone loss by inhibiting
excessive bone resorption and stimulating new bone forma-
tion in osteoporotic mice.[22,30] The mechanism of inhibiting
bone resorption might be due to modulating RANKL induced
osteoclastic activity which was revealed by Rahman et al.
demonstrating the inhibition of RANKL signalling in mono-
cytic cells.[31] Banu et al. also demonstrated that CLA caused
a significant decrease in fat mass and an increase in muscle
mass in addition to decrease in osteoclastic activity, RANKL,
IL-6 and TNF-a levels of muscle mass in aged mice.[21] CLA
also increased bone mineral content and BMD along with a
decrease in body weight gain.[19] In our study, diabetes
increased osteoclastic activity in all diabetic groups and CLA
caused a dramatic decrease in TRAPþosteoclast numbers
along with the increase in osteoblast cells.

Diabetes is a significant risk factor of periodontal disease
and aggravates the severity of the periodontal destruction.
Persistent oxidant-antioxidant imbalance results in oxidative
stress and contributes to pathogenesis of periodontitis and
diabetes through the formation of advanced glycation prod-
ucts (AGE) and increased production of ROS.[32,33] In order
to understand the association of diabetes and chronic peri-
odontitis, there are some important points to consider. The
effect of diabetes on periodontal tissues are caused mostly
by hyperglycaemia and it has some adverse effects on func-
tions of neutrophil and periodontal tissue cells.[34,35]
Another cell group affected by diabetes is monocytic cells.
Phagocytic functions of these cells are altered by AGE and
the receptors of AGE.[36,37] Therefore, host response against
bacterial attack is impaired in diabetes and pro-inflammatory
cytokines also participate in this interplay by over expression
of pro-inflammatory cytokines and mediators as a result of
deterioration in innate immunity.[38–40] Several studies sup-
ported the role of diabetes and hyperglycaemia in increased
production of cytokines and elevated cytokine levels in gin-
gival crevicular fluid.[40–42] Studies also showed that peri-
odontal inflammation was higher and more persistent in
diabetes.[42–44] Moreover, inhibition of AGE and TNF pro-
vided significant improvement in diabetic complica-
tions.[42,43] In order to evaluate any possible beneficial
effect of CLA on diabetes and periodontal disease we eval-
uated morphometric bone loss, Bax and iNOS expressions in
bone, serum IL-1b levels, blood glucose measurements,

Figure 4. Osteoclast numbers in Wistar rats at day 28. Histomorphometric osteo-
clast counts at day 28. �p< .05 vs. NL group, †p< .05 vs. LO group, ‡p< .05 vs.
Lþ CLA group, §p< .05 vs. STZ only group, ��p< .05 vs. STZþ L group. NL:
Non-ligated group, n¼ 6: LO: ligature-only group, n¼ 6; Lþ CLA: ligature plus
CLA group, n¼ 8; STZ: streptozotocin only group, n¼ 8; STZþ L: STZ and ligature
group, n¼ 8; STZþ LþCLA: STZ and ligature plus CLA group, n¼ 8.
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serum lipid profile and histopathological changes in liver and
periodontal tissues.

In the present study, periodontal disease and related
alveolar bone loss was induced by ligature method which is
considered to be a useful experimental model.[4,34,45]
Furthermore, experimental diabetes was induced by injection
of a single dose of streptozotocin (2-deoxy-2-(3-methyl-3-
nitrosoureido)-d-glucopyranose, STZ) [46] which is also a
widely used experimental model for diabetes.[34,45,47,48]
Ligature model caused formation of bacterial plaque and
induced an inflammatory response, reproducing human peri-
odontal disease in this study and diabetes was successfully
achieved and plasma glucose levels increased in STZ-treated
rats. As a result, we found that alveolar bone loss signifi-
cantly increased in ligature groups and we also demon-
strated that diabetes increased bone loss significantly as the
highest bone loss was observed in the STZþ LþCLA group
but diabetes did not cause periodontal disease alone. In add-
ition, CLA decreased periodontal tissue destruction in
STZþ LþCLA and LþCLA groups significantly. These results
might have clinical significance in terms of preventing peri-
odontal bone destruction along with decreasing inflamma-
tion and risk of diabetes. Commercial CLA capsules (3–6g
daily, approximately 32–45mg/kg) [49–53] are used to
decrease body weight, increase muscle strength and mass.
Therefore, CLA could be beneficial in overweight and obese
people or patients with type 2 diabetes by decreasing adi-
pose tissue, improving weight control and decreasing the
risk of periodontal bone loss.

CLA is shown to have beneficial effects on hyperglycaemia
and diabetes in animal studies [54,55] and to decrease insulin
sensitivity.[29] But the results are contradictory. Another
study reported that c9t11 CLA was inversely correlated to the
prevalence of diabetes, fasting plasma triglycerides, and fast-
ing blood glucose concentrations.[56] In contrast CLA was
shown to increase blood glucose levels and HDL cholesterol
while decreasing LDL cholesterol and triglyceride levels in
normoglycemic rats. Latter reported an increase in insulin
resistance suggesting that CLA did not have any effect on
hyperglycaemia.[57] In sedentary women with metabolic syn-
drome, supplementation with CLA improved glycaemic con-
trol and decreased body fat but, there were no change in
serum lipids or blood pressure.[58] Noone et al. [59]
observed that the daily intake of 3 g CLA supplement
decreased LDL cholesterol levels non-significantly. On the
other hand, von Loeffelholz [60] suggested that CLA supple-
mentation increases LDL cholesterol. However, our results are
supporting the literature not reporting any positive effect of
CLA on diabetes. We did not find any beneficial effect of CLA
on hyperglycaemia, weight of the rats or diabetic control.
Furthermore, regarding the serum lipid profile, CLA caused
no specific changes. There was only a significant increase in
HDL cholesterol levels in STZþ LþCLA. In addition, we
observed that diabetes caused pathological changes in rat
liver such as disorganization of the hepatic cords, cytoplasmic
vacuolization and inflammation and CLA reversed patho-
logical changes induced by diabetes.

Nitric oxide (NO) is a reactive radical and high levels of NO
are mostly generated by inducible NO synthetase (iNOS, NOS2).

iNOS suppresses osteoblast proliferation and differentiation
and also contributes to certain physiological processes.[61,62]
It is found that CLA inhibited iNOS expression and NO syn-
thesis in vitro.[63] In contrast, studies reported contrasting
results such as that CLA had no effect on NOS activity [64] or
increased NOS expression.[65] Regarding iNOS expressions
and serum IL-1 b levels, we observed slight changes but the
differences were not statistically significant.

In terms of apoptosis, it is suggested that effect of CLA on
lowering adipose tissue is due to apoptosis of adipocyte
cells.[66] It is also reported that CLA increased the p53 pro-
tein and Bax protein levels but suppressed the expression of
Bcl-2 protein levels in vivo.[28,67] There is no study reporting
any apoptotic effect of CLA on periodontal tissues. We found
that both diabetes and CLA increased apoptosis in periodon-
tal ligament and alveolar bone while periodontitis alone did
not cause any apoptotic reaction.[68,69] However, Gamonal
et al. demonstrated that apoptotic cells were higher in
chronic periodontitis than healthy controls [70] however,
periodontitis did not increase pro-apoptotic protein expres-
sions in our study.

Within the limits of this study, commercial CLA product
administration significantly reduced alveolar bone loss,
increased osteoblastic activity and decreased osteoclastic
activity in the diabetic Wistar rats. CLA describes a group of
positional and geometric isomers of polyunsaturated fatty
acid PUFA and the favourable effects of CLA might result
from proresolving mediators. Future studies in this aspect are
necessary to reveal mechanisms of CLA activity in human
body.
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Gaziosmanpaşa University.

References

[1] Mealey BL, Ocampo GL. Diabetes mellitus and periodontal dis-
ease. Periodontology 2000. 2007;44:127–153.

[2] Shlossman M, Knowler WC, Pettitt DJ, et al. Type 2 diabetes melli-
tus and periodontal disease. J Am Dent Assoc. 1990;121:532–536.

[3] Loots MA, Lamme EN, Zeegelaar J, et al. Differences in cellular
infiltrate and extracellular matrix of chronic diabetic and venous
ulcers versus acute wounds. J Invest Dermatol. 1998;111:850–857.

ACTA ODONTOLOGICA SCANDINAVICA 27



[4] Holzhausen M, Garcia DF, Pepato MT, et al. The influence of
short-term diabetes mellitus and insulin therapy on alveolar bone
loss in rats. J Periodont Res. 2004;39:188–193.

[5] Seethalakshmi C, Reddy RC, Asifa N, Prabhu S. Correlation of saliv-
ary pH, incidence of dental caries and periodontal status in dia-
betes mellitus patients: a cross-sectional study. J Clin Diagn Res.
2016;10:ZC12–ZC14.

[6] Gupta N, Gupta ND, Garg S, et al. The effect of type 2 diabetes
mellitus and smoking on periodontal parameters and salivary
matrix metalloproteinase-8 levels. J Oral Sci. 2016;58:1–6.

[7] Pranckeviciene A, Siudikiene J, Ostrauskas R, Machiulskiene V.
Long-term effect of periodontal surgery on oral health and meta-
bolic control of diabetics. Clin Oral Investig. 2016 Apr 11. [Epub
ahead of print]. doi:10.1007/s00784-016-1819-y.

[8] Knight ET, Liu J, Seymour GJ, et al. Risk factors that may modify
the innate and adaptive immune responses in periodontal dis-
eases. Periodontology 2000. 2016;71:22–51.

[9] Lal S, Cheng B, Kaplan S, et al. Gingival bleeding in 6- to 13-year-
old children with diabetes mellitus. Pediatr Dent. 2007;29:426–430.

[10] Tsai C, Hayes C, Taylor GW. Glycemic control of type 2 diabetes
and severe periodontal disease in the US adult population.
Community Dent Oral Epidemiol. 2002;30:182–192.

[11] Xu R, Zeng G, Wang S, et al. Periodontitis promotes the diabetic
development of obese rat via miR-147 induced classical macro-
phage activation. Biomed Pharmacother. 2016;83:892–897.

[12] Teshome A, Yitayeh A. The effect of periodontal therapy on glycemic
control and fasting plasma glucose level in type 2 diabetic patients:
systematic review and meta-analysis. BMC Oral Health. 2016;17:31.

[13] Siriwardhana N, Kalupahana NS, Cekanova M, et al. Modulation of
adipose tissue inflammation by bioactive food compounds. J Nutr
Biochem. 2013;24:613–623.

[14] Kritchevsky D, Tepper SA, Wright S, et al. Conjugated linoleic acid
isomer effects in atherosclerosis: growth and regression of lesions.
Lipids. 2004;39:611–616.

[15] Lee KN, Kritchevsky D, Pariza MW. Conjugated linoleic acid and
atherosclerosis in rabbits. Atherosclerosis. 1994;108:19–25.

[16] Toomey S, Harhen B, Roche HM, et al. Profound resolution of early
atherosclerosis with conjugated linoleic acid. Atherosclerosis.
2006;187:40–49.

[17] Herrmann J, Rubin D, Hasler R, et al. Isomer-specific effects of
CLA on gene expression in human adipose tissue depending on
PPARgamma2 P12A polymorphism: a double blind, randomized,
controlled cross-over study. Lipids Health Dis. 2009;8:35.

[18] McCarthy C, Lieggi NT, Barry D, et al. Macrophage PPAR gamma
Co-activator-1 alpha participates in repressing foam cell formation
and atherosclerosis in response to conjugated linoleic acid. EMBO
Mol Med. 2013;5:1443–1457.

[19] Banu J, Bhattacharya A, Rahman M, et al. Effects of conjugated
linoleic acid and exercise on bone mass in young male Balb/C
mice. Lipids Health Dis. 2006;5:7.

[20] Rahman MM, Halade GV, Williams PJ, et al. t10c12-CLA maintains
higher bone mineral density during aging by modulating osteo-
clastogenesis and bone marrow adiposity. J Cell Physiol.
2011;226:2406–2414.

[21] Rahman MM, Bhattacharya A, Banu J, et al. Conjugated linoleic
acid protects against age-associated bone loss in C57BL/6 female
mice. J Nutr Biochem. 2007;18:467–474.

[22] Kelly O, Cashman KD. The effect of conjugated linoleic acid on
calcium absorption and bone metabolism and composition in
adult ovariectomised rats. Prostaglandins Leukot Essent Fatty
Acids. 2004;71:295–301.

[23] Platt ID, El-Sohemy A. Regulation of osteoblast and adipocyte dif-
ferentiation from human mesenchymal stem cells by conjugated
linoleic acid. J Nutr Biochem. 2009;20:956–964.

[24] Brownbill RA, Petrosian M, Ilich JZ. Association between dietary
conjugated linoleic acid and bone mineral density in postmeno-
pausal women. J Am Coll Nutr. 2005;24:177–181.

[25] Giordano E, Banni S, Quadro L. A single dose of c9, t11 or t10,c12
conjugated linoleic acid isomers perturbs vitamin A metabolism
in mice. Nutr Res. 2011;31:855–862.

[26] Ortiz B, Wassef L, Shabrova E, et al. Hepatic retinol secretion and
storage are altered by dietary CLA: common and distinct actions
of CLA c9,t11 and t10,c12 isomers. J Lipid Res.
2009;50:2278–2289.

[27] Leong NL, Hurng JM, Djomehri SI, et al. Age-related adaptation of
bone-PDL-tooth complex: Rattus-Norvegicus as a model system.
PLoS One. 2012;7:e35980.

[28] Liu LF, Purushotham A, Wendel AA, et al. Combined effects of
rosiglitazone and conjugated linoleic acid on adiposity, insulin
sensitivity, and hepatic steatosis in high-fat-fed mice. Am J
Physiol Gastrointest Liver Physiol. 2007;292:G1671–G1682.

[29] Riserus U, Vessby B, Arnlov J, et al. Effects of cis-9,trans-11 conju-
gated linoleic acid supplementation on insulin sensitivity, lipid
peroxidation, and proinflammatory markers in obese men. Am J
Clin Nutr. 2004;80:279–283.

[30] Rahman MM, Fernandes G, Williams P. Conjugated linoleic Acid
prevents ovariectomy-induced bone loss in mice by modulating
both osteoclastogenesis and osteoblastogenesis. Lipids.
2014;49:211–224.

[31] Rahman MM, Bhattacharya A, Fernandes G. Conjugated linoleic
acid inhibits osteoclast differentiation of RAW264.7 cells by mod-
ulating RANKL signaling. J Lipid Res. 2006;47:1739–1748.

[32] Tsai CC, Chen HS, Chen SL, et al. Lipid peroxidation: a possible
role in the induction and progression of chronic periodontitis. J
Periodont Res. 2005;40:378–384.

[33] Takeda M, Ojima M, Yoshioka H, et al. Relationship of serum
advanced glycation end products with deterioration of periodon-
titis in type 2 diabetes patients. J Periodontol. 2006;77:15–20.

[34] Nishikawa T, Naruse K, Kobayashi Y, et al. Involvement of nitrosa-
tive stress in experimental periodontitis in diabetic rats. J Clin
Periodontol. 2012;39:342–349.

[35] Nishimura F, Takahashi K, Kurihara M, et al. Periodontal disease as
a complication of diabetes mellitus. Ann Periodontol.
1998;3:20–29.

[36] Katz J, Bhattacharyya I, Farkhondeh-Kish F, et al. Expression of the
receptor of advanced glycation end products in gingival tissues
of type 2 diabetes patients with chronic periodontal disease: a
study utilizing immunohistochemistry and RT-PCR. J Clin
Periodontol. 2005;32:40–44.

[37] Schmidt AM, Yan SD, Wautier JL, et al. Activation of receptor for
advanced glycation end products: a mechanism for chronic vas-
cular dysfunction in diabetic vasculopathy and atherosclerosis.
Circ Res. 1999;84:489–497.

[38] Graves DT, Liu R, Alikhani M, et al. Diabetes-enhanced inflamma-
tion and apoptosis-impact on periodontal pathology. J Dent Res.
2006;85:15–21.

[39] Nishimura F, Iwamoto Y, Soga Y. The periodontal host response
with diabetes. Periodontology 2000. 2007;43:245–253.

[40] Engebretson SP, Hey-Hadavi J, Ehrhardt FJ, et al. Gingival crevicu-
lar fluid levels of interleukin-1beta and glycemic control in
patients with chronic periodontitis and type 2 diabetes. J
Periodontol. 2004;75:1203–1208.

[41] Salvi GE, Collins JG, Yalda B, et al. Monocytic TNF alpha secretion
patterns in IDDM patients with periodontal diseases. J Clin
Periodontol. 1997;24:8–16.

[42] Lalla E, Lamster IB, Feit M, et al. Blockade of RAGE suppresses
periodontitis-associated bone loss in diabetic mice. J Clin Investig.
2000;105:1117–1124.

[43] Naguib G, Al-Mashat H, Desta T, et al. Diabetes prolongs the
inflammatory response to a bacterial stimulus through cytokine
dysregulation. J Invest Dermatol. 2004;123:87–92.

[44] Liu R, Bal HS, Desta T, et al. Diabetes enhances periodontal bone
loss through enhanced resorption and diminished bone forma-
tion. J Dent Res. 2006;85:510–514.

[45] Toker H, Ozdemir H, Balci H, et al. N-acetylcysteine decreases
alveolar bone loss on experimental periodontitis in streptozoto-
cin-induced diabetic rats. J Periodontal Res. 2012;47:793–799.

[46] Szkudelski T. The mechanism of alloxan and streptozotocin action
in B cells of the rat pancreas. Physiol Res. 2001;50:537–546.

28 H. BALCI YUCE ET AL.

http://dx.doi.org/10.1007/s00784-016-1819-y


[47] Negi G, Kumar A, Sharma SS. Melatonin modulates neuroinflam-
mation and oxidative stress in experimental diabetic neuropathy:
effects on NF-kappaB and Nrf2 cascades. J Pineal Res.
2011;50:124–131.

[48] Amaral FG, Turati AO, Barone M, et al. Melatonin synthesis impair-
ment as a new deleterious outcome of diabetes-derived hypergly-
cemia. J Pineal Res. 2014;57:67–79.

[49] Adams RE, Hsueh A, Alford B, et al. Conjugated linoleic Acid sup-
plementation does not reduce visceral adipose tissue in middle-
aged men engaged in a resistance-training program. J Int Soc
Sports Nutr. 2006;3:28–36.

[50] Cornish SM, Candow DG, Jantz NT, et al. Conjugated linoleic acid
combined with creatine monohydrate and whey protein supple-
mentation during strength training. Int J Sport Nutr Exerc Metab.
2009;19:79–96.

[51] Stickford JL, Mickleborough TD, Fly AD, et al. Conjugated linoleic
acid's lack of attenuation of hyperpnea-induced bronchoconstric-
tion in asthmatic individuals in the short term. Int J Sport Nutr
Exerc Metab. 2011;21:40–47.

[52] Bulut S, Bodur E, Colak R, et al. Effects of conjugated linoleic acid
supplementation and exercise on post-heparin lipoprotein lipase,
butyrylcholinesterase, blood lipid profile and glucose metabolism
in young men. Chem Biol Interact. 2013;203:323–329.

[53] Tajmanesh M, Aryaeian N, Hosseini M, et al. Conjugated linoleic
acid supplementation has no impact on aerobic capacity of
healthy young men. Lipids. 2015;50:805–809.

[54] Moloney F, Toomey S, Noone E, et al. Antidiabetic effects of cis-9,
trans-11-conjugated linoleic acid may be mediated via anti-
inflammatory effects in white adipose tissue. Diabetes.
2007;56:574–582.

[55] Noto A, Zahradka P, Yurkova N, et al. Dietary conjugated linoleic
acid decreases adipocyte size and favorably modifies adipokine
status and insulin sensitivity in obese, insulin-resistant rats. Metab
Clin Exp. 2007;56:1601–1611.

[56] Castro-Webb N, Ruiz-Narvaez EA, Campos H. Cross-sectional study
of conjugated linoleic acid in adipose tissue and risk of diabetes.
Am J Clin Nutr. 2012;96:175–181.

[57] Almeida MM, Souza YO, Dutra Luquetti SC, et al. Cis-9, trans-11
and trans-10, cis-12 CLA mixture does not change body compos-
ition, induces insulin resistance and increases serum HDL choles-
terol level in rats. J Oleo Sci. 2015;64:539–551.

[58] Carvalho RF, Uehara SK, Rosa G. Microencapsulated conjugated
linoleic acid associated with hypocaloric diet reduces body fat in
sedentary women with metabolic syndrome. Vasc Health Risk
Manag. 2012;8:661–667.

[59] Noone EJ, Roche HM, Nugent AP, et al. The effect of dietary sup-
plementation using isomeric blends of conjugated linoleic acid
on lipid metabolism in healthy human subjects. Br J Nutr.
2002;88:243–251.

[60] von Loeffelholz C, Kratzsch J, Jahreis G. Influence of conjugated
linoleic acids on body composition and selected serum and endo-
crine parameters in resistance-trained athletes. Eur J Lipid Sci
Technol. 2003;105:251–259.

[61] Oktem G, Uslu S, Vatansever SH, et al. Evaluation of the relation-
ship between inducible nitric oxide synthase (iNOS) activity and
effects of melatonin in experimental osteoporosis in the rat. Surg
Radiol Anat. 2006;28:157–162.

[62] Riancho JA, Salas E, Zarrabeitia MT, et al. Expression and func-
tional role of nitric oxide synthase in osteoblast-like cells. J Bone
Miner Res. 1995;10:439–446.

[63] Sheu JN, Lin TH, Lii CK, et al. Contribution of conjugated linoleic
acid to the suppression of inducible nitric oxide synthase expres-
sion and transcription factor activation in stimulated mouse
mesangial cells. Food Chem Toxicol. 2006;44:409–416.

[64] Parra P, Serra F, Palou A. Moderate doses of conjugated linoleic
acid isomers mix contribute to lowering body fat content main-
taining insulin sensitivity and a noninflammatory pattern in adi-
pose tissue in mice. J Nutr Biochem. 2010;21:107–115.

[65] DeClercq V, Taylor CG, Wigle J, et al. Conjugated linoleic acid
improves blood pressure by increasing adiponectin and endothe-
lial nitric oxide synthase activity. J Nutr Biochem.
2012;23:487–493.

[66] Qi R, Yang F, Huang J, et al. Supplementation with conjugated
linoeic acid decreases pig back fat deposition by inducing adipo-
cyte apoptosis. BMC Vet Res. 2014;10:141.

[67] Islam MA, Kim YS, Oh TW, et al. Superior anticarcinogenic activity
of trans,trans-conjugated linoleic acid in N-methyl-N-nitrosourea-
induced rat mammary tumorigenesis. J Agric Food Chem.
2010;58:5670–5678.

[68] Kireev R, Bitoun S, Cuesta S, et al. Melatonin treatment protects
liver of Zucker rats after ischemia/reperfusion by diminishing oxi-
dative stress and apoptosis. Eur J Pharmacol. 2013;701:185–193.

[69] Kireev RA, Cuesta S, Ibarrola C, et al. Age-related differences in
hepatic ischemia/reperfusion: gene activation, liver injury, and
protective effect of melatonin. J Surg Res. 2012;178:922–934.

[70] Gamonal J, Bascones A, Acevedo A, et al. Apoptosis in chronic
adult periodontitis analyzed by in situ DNA breaks, electron
microscopy, and immunohistochemistry. J Periodontol.
2001;72:517–525.

ACTA ODONTOLOGICA SCANDINAVICA 29


	The effect of commercial conjugated linoleic acid products on experimental periodontitis and diabetes mellitus in Wistar rats
	Introduction
	Materials and methods
	Animals and experimental model
	Induction of diabetes
	Induction of experimental periodontitis
	CLA product administration
	Measurement of alveolar bone loss
	Histopathological evaluation
	Serum IL-1beta levels
	Statistical analysis

	Results
	Morphometric measurements
	Histopathological analyses
	Biochemical analyses

	Discussion
	Acknowledgements
	Disclosure statement
	Funding
	References


