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Efficacy of nanoceria for periodontal tissues alteration
in glutamate-induced obese rats—multidisciplinary
considerations for personalized dentistry and prevention
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Abstract
Background Nowadays, we face the global epidemic of obe-
sity, that is known to contribute to the development of many
diseases, such as the oral cavity pathologies. Dental and oral
pathologies are frequently caused by and overlapped with sys-
temic multifactorial diseases such as obesity being its early
indicators and risk factors.

The aim was to study the influence of nanoceria on peri-
odontal tissues alteration in glutamate (MSG)-induced obese
rats.
Methods We included 52 Wistar rats of both genders and di-
vided into four groups: newborn rats in group 1 (control)
received subcutaneously 8 μl/g saline. Group 2 received 3 to
4 mg/g MSG subcutaneously on the second, fourth, sixth,
eighth, and tenth day of life; group 3—intragastric adminis-
tration of nanocrystalline cerium dioxide at a dose of 1 mg/kg
volume of 2.9 ml/kg against the background of glutamate-
induced obesity; the fourth group of animals was treated with

a solution of sodium citrate intragastric volume of 2.9 ml/kg
(solvent of nanocrystalline cerium). We determined the total
proteolytic activity, the total antitrypsin activity, the content-
free fucose and glycosaminoglycanes (GAG), content of
TBA-active of products, the content of oxidation-modified
proteins (OMB), and catalase activity in the homogenate of
soft periodontal tissues of rats.
Results Intragastric injection of nanoceria prevents activation
of proteolytic processes, reducing the catabolism of glycopro-
teins and proteoglycans of periodontal tissue in MSG-induced
obese rats. Injection of nanoceria prevents activation of pro-
teolytic processes, significantly decreases the total proteolytic
activity, and inhibits the activation of free radical oxidation in
periodontal tissues of rats compared with MSG-induced obe-
sity model without corrections. Further, it significantly in-
creases the total antitrypsin activity in periodontal tissues by
1.7 times, TBA-reagents by 1.7 times, and content of OMB by
1.4 times compared with glutamate-induced obese animals.
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Conclusions MSG-induced obesity triggers periodontal tissue
alterations in the rat model. Nanoceria contributes to the cor-
rections of pathological changes in periodontal tissues in
glutamate-induced obese rats via balancing protein-
inhibitory capacity and reducing the depolymerization of
fucosylated proteins and proteoglycans and antioxidative
activity.
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Overview

Predictive, preventive, and personalized dentistry: new
concepts in obesity management and personalized
nutrition

Nowadays, we face the global epidemic of obesity, metabolic
syndrome and diabetes type 2—twenty-first century disaster;
the problem of obesity has become non-infectious pandemic
status because according to WHO more than a billion people
in the world are overweight. The number of people with obe-
sity was projected doubled by 2025 [1]. Obesity and metabol-
ic syndrome has been profoundly studied by experts of the
European Association for Predictive, Preventive and
Personalised Medicine (EPMA) [2–7], and effective solutions
by predictive, preventive and personalized medicine (PPPM)
were consequently suggested considering a sensitive balance
between health and disease in individuals; environmental fac-
tors in epidemics and an interplay between a genetic compo-
nent, epigenetic regulations, and environmental factors [4]. In
Ukraine, more than a half of the adult population is over-
weight, which is certainly due to the low level of physical
activity, eating behavior features, increase in diet-dense foods
and carbohydrate and wide and uncontrolled use of food in-
dustry and online catering food additives, especially
monosodium glutamate (MSG) [8].

The novel PPPM concepts have been suggested by EPMA
to benefit the impacts on the oral and dental health [9–11]. It is
well known that obesity interferes with dental practice and con-
tributes to the development of many diseases, particularly in the
oral cavity [12, 13]. Dental and oral pathologies are both also
early indicators and risk factors for a variety of multifactorial
diseases [4] and are frequently caused/overlapped by for a va-
riety of systemic diseases such as obesity and diabetes mellitus.
Therefore, investigation of the cause-and-effect relationships
between oral and dental diseases on the one hand and multifac-
torial systemic disorders on the other hand is a prerequisite for

predictive, preventive, and personalized medicine in the multi-
disciplinary fields of dental and oral health care [4].

MSG (C5H8NO4Na, E 621) is the most common food ad-
ditive widely distributed and is naturally occurring in various
foods (bouillon cubes, meat tenderizers, canned food, frozen
food, potato and snack chips, barbecue sauce, salad dressing,
soups, fast food, etc.) [14]. MSG is used to preserve the nu-
tritional quality of food, providing them with better taste, in-
creased technological processing of food rawmaterials, reduc-
tion and reduction process [14]. Now, it is hard to find indus-
trially produced canned or semi-finished products that do not
includeMSG. Thus, the permissible limits may be significant-
ly exceeded, which can lead to diseases of the digestive tract
and include oral cavity. Obesogenic properties of
monosodium glutamate were studied for decades [15–20].
Recently, we have studied monosodium glutamate-induced
obesity and concluded that the introduction of MSG to new-
born rats may cause the obesity in adulthood [21], and also
studied the salivary glands abnormalities related to MSG-
induced obesity [22, 23], and discussed the related concerns
for modern nutrition and suggested opportunities for preven-
tion via periodic probiotic mixture administration [21].

Periodontal tissues (periodontium) consist of four principal
components, namely [24] gingiva, periodontal ligament
(PDL), cementum, and alveolar bone proper. This anatomical
complex is vulnerable to infections, chronic inflammation,
and periodontal destruction leading to loosening or loss of
teeth. Molecular matrix in periodontal connective tissue is a
source of number of potential biomarkers [9, 23–27].

Nanocrystalline cerium dioxide (ceria nanoparticles
nanoceria, NCD, nCeO2) is well-known as antioxidant poten-
tially effective for various biological applications [28–34].

However, so far, the mechanisms of pathological changes in
periodontal tissues under the experimental obesity remain un-
clear as well the ability to correct these changes with nanoceria.

The aim of this study was to evaluate protective properties
of nanoceria on periodontal tissues alterations, antioxidative
activity, protein-inhibitory capacity, and efficacy to reduce
depolymerization of fucosylated proteins and proteoglycans
under conditions of glutamate-induced obesity in rats.

Methods

Research was conducted in compliance with the standards of
the Convention on Bioethics of the Council of Europe’s
‘Europe Convention for the Protection of Vertebrate
Animals’ used for experimental and other scientific purposes’
(1997), the general ethical principles of animal experiments,
approved by the First National Congress on Bioethics Ukraine
(September 2001) and other international agreements and na-
tional legislation in this field. Animals were kept in a vivarium
that was accredited in accordance with the Bstandard rules on
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ordering, equipment and maintenance of experimental biolog-
ical clinics (vivarium).^ Instruments to be used for research
are subject to metrological control.

Experiments were performed on 52 rats of both genders. The
animals were divided into the following four groups: I—intact
control (4-month rat) newborn rats; group II subcutaneously in a
volume of 4 mg/g MSG administered at 2, 4, 6, 8, 10 day life;
group III—intragastric administration of nanocrystalline cerium
dioxide [21] at a dose of 1 mg/kg volume of 2.9 ml/kg against
the background of glutamate-induced obesity, the fourth group
of animals treated with a solution of sodium citrate
intragastrically in volume of 2.9 ml/kg (solvent of nanocrystal-
line cerium). Introduction of nanocrystalline cerium dioxide so-
lution starting from 4 weeks after birth (after weaning from the
mother) and continued intermittently 2-week course in 2 weeks.

During 4 months, the changes in a body weight were ana-
lyzed in rats of all groups. Four-month-old animals were de-
capitated, removed and weighed visceral fat was measured.
Body length was measured; body mass index (BMI) (the ratio
of body weight (g) of rats to the square of the body length
(cm2)) and Lee obesity index (the ratio of 1/4 of cube root of
body weight (g) to body nose-to-anus length (cm)) were cal-
culated as in [21]. Soft periodontal tissues of rats were excised,
minced, treated with collagenase, homogenized, and centri-
fuged. We determined the total proteolytic activity, the total
ant i t rypsin act ivi ty, the content-free fucose and
glycosaminoglycanes (GAG), the levels of nitrites anions,
and general activity of NO-synthase [12]. Development of
oxidative stress in the periodontal tissues of rats was evaluat-
ed: the content of TBA-active of products, the content of
oxidation-modified proteins (OMB), and catalase activity
were measured in the rat periodontal tissues homogenate.

We used the non-parametric Mann–Whitney U test, com-
paring two groups of independent samples of observations.
All results are expressed as the M ± SD of n values.
Differences were considered significant at P values < 0.05.

Results

We observed the development of visceral obesity in 4-month
MSG rats that was confirmed by the increase of the VAT mass
by 404% (p < 0.001) in male and 287% (p < 0.001) in female
(Fig. 1). In MSG+ nCeO2 group, we established the decrease of
visceral obesity. The VAT mass in MSG-group vs. MSG +
nCeO2 group lowered to 19.0 ± 2.0 g vs. 8.3 ± 1.4 g, P < 0.05
in male and 16.5 ± 2.6 g vs. 9.9 ± 1.3 g, P < 0.05 in female rats.

We suppose that MSG-induced obesity induce an imbal-
ance of proteinase-inhibitory potential of periodontal tissues,
as evidenced by a significant increasing the total proteolytic
activity by 2.4 times against the background of a fair reduction
in the total antitrypsin activity compared to control animals
(Table 1). It is possible due to the development protease

inhibitors imbalance in periodontal tissues by decompensation
type under the experimental obesity.

Intragastric injection of nanocrystalline cerium dioxide pre-
vents activation of proteolytic processes in periodontal tissues of
rats, evoked a significant decrease in total proteolytic activity
compared with animals with modeled glutamate-induced obesi-
ty without treatment (Table 1). Under these conditions, the total
antitrypsin activity of periodontal tissues was significantly in-
creased (by 1.7 times) compared to animals with modeled
glutamate-induced obesity without treatment (Table 1).

Thus, the injection of nanocrystalline cerium dioxide
proteinase-inhibitor normalizes imbalances in the periodontal
tissues of rats under the experimental obesity.

We have detected that the introducing MSG to newborn
rats contributes to biopolymers depolimerization in periodon-
tal connective tissue in rats, yields a significant increase of free
fucose content by 1.8 times and levels of GAG by 1.7 times
compared to the controls (Table 2). Intragastral injection of
nanoceria prevents increasing the catabolism of fucoproteins
and proteoglycans of connective tissue and periodontal
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Fig. 1 Visceral adipose tissue mass in condition of MSG-obesity and
nCeO2 treatment. a Male. b Female. ***P < 0.001 in comparison with
group 1. #P < 0.05 in comparison with group 2. 1 Control. 2 MSG. 3
MSG+ nCeO2

EPMA Journal (2017) 8:43–49 45



conditions after the injection of MSG. We have monitored a
reduction in the content of free fucose by two times and of
GAG in tissues by 1.8 times in periodontal tissues after intro-
duction of MSG and nanocrystalline cerium dioxide com-
pared to the controls (Table. 2).

The glutamate-induced obesity significantly increases the
overall NO-synthase activity in rats’ periodontal tissues by
1.57 times the content of nitrite anion by 1.3 times compared
to the controls (Table 3). Thus, in periodontal tissues of
glutamate-induced obese rats, the activation of NO-ergic sys-
tem causes the development of oxidative stress through the
formation of cytotoxic peroxynitrite. Intragastric treatment
with nanoceria significantly reduces the total NO-synthase
activity and nitrite anions content in periodontal tissues com-
pared to the group of animals without correction (Table 3).

Thus, nanocrystalline cerium dioxide under the experimen-
tal obesity prevents periodontal tissue activation NO-ergic
system.

MSG-induced experimental obesity contributes to the acti-
vation of free radical oxidation in periodontal tissues, as evi-
denced by the significant increase of the content of TBA-
reagents by almost 2 times and content of OMB by 1.7 times
compared to controls (Table. 4). Under these conditions, cat-
alase activity significantly decreased by 1.5 times in periodon-
tal tissues compared to control animals (Table 4).

Thus, the experimental obesity in periodontal tissues trig-
gers pro-antioxidant imbalance that causes the development of
oxidative stress.

Intragastric treatment of glutamate-induced obesity with
nanoceria inhibits the activation of free radical oxidation in
rat periodontal tissues, as evidenced by the likely reduction of
TBA-reagents by 1.7 times and content of OMB by 1.4 times
compared to animals without correction (Table. 4). Nanoceria

injection significantly increased catalase activity by 1.6 times
compared to animals without correction (Table 4).

Discussion

To our knowledge, this is the first study demonstrating an
efficacy of nanoceria producing periodontal tissue alterations
in glutamate-induced obese rats, changing the molecular set-
up in periodontal tissue, and creating working hypothesis for
multidisciplinary considerations in personalized dentistry and
prevention. Periodontium connective tissue is a source of
number of potentially routine biomarkers in diagnosing oral
pre-malignant conditions, lesions, and malignancies [25], e.g.,
fucose and protein bound hexoses can be used as markers.
Fucose is a deoxyhexose that is present in a wide variety of
mammals; fucose-containing glycans have important roles in
blood transfusion reactions, selectin-mediated leukocyte-en-
dothelial adhesion, host-microbe interactions, and numerous
ontogenic events, including signaling events by the Notch
receptor family [25]. Fucoproteins and proteoglycans of con-
nective tissue with serum glycoconjugates can be diagnostic
and or prognostic marker in oral submucous fibrosis (OSMF),
Leukoplakia and Oral Cancer, do have a significant diagnostic
and prognostic value in these diseases [26]. Fucosylation of
glycoproteins at terminal ends is one of the most important
features that mediate several specific biological functions; tu-
mor cells modulate their surface by increasing fucosylation
levels to escape recognition, thus contributing to decreased
adhesion and uncontrolled tumor growth [27].

Potential biomedical applications of nanocrystalline cerium
dioxide has been widely studied [28–34]. Nanoceria was
proved to be able to participate in biological processes as a

Table 2 Fucose content and
GAG in rat periodontal tissues
under conditions of glutamate-
induced obesity and correction by
NCD (M±m)

Groups of animals Fucose level, μmol/g GAG level, μmol/g

1. Control (n = 18) 3.40 ± 0.36 0.49 ± 0.16

2. Obesity (n = 16) 6.22 ± 1.58* 0.85 ± 0.19*

3. Obesity + NCD (n = 12) 3.11 ± 0.22** 0.46 ± 0.30**

4. Obesity + NCD solvent (n = 6) 3.15 ± 0.14 0.45 ± 0.18

*P 1-2 < 0.05; **P 3-4 < 0.05

Table 1 Proteinase-inhibitory
potential of rat periodontal tissues
under conditions of glutamate-
induced obesity and correction by
NCD (M±m)

Groups of animals Total proteolytic activity, g/kg Total antitrypsin, μmol/g*min

1. Control (n = 18) 26.02 ± 2.41 0.21 ± 0.14

2. Obesity (n = 16) 13.20 ± 3.82* 0.51 ± 0.09*

3. Obesity + NCD (n = 12) 22.22 ± 2.02** 0.35 ± 0.03**

4. Obesity + NCD solvent (n = 6) 14.44 ± 2.23 0.31 ± 0.04

*P 1-2 < 0.05; **P 3-4 < 0.05
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regulator of reactive oxygen species and free radicals acceptor
[28]; and its efficacy for number of biomedical applications
namely age-related male infertility [31], gastrointestinal mo-
tility with potential for prokinetic treatment and prevention in
elderly [32], and efficacy for prophylaxis of erosive and stress-
induced ulcerative lesions in the gastric mucosa of rats [33].

Current data contribute to the antioxidative theory of
nanomedicine of cerim.

Consolidation of the PPPM concept

Personalized medical approach and molecular mechanisms
of nanocrystalline ceria effects in periodontal tissues

The results of this study strongly support conclusions
emphasised in our previous works [29–34, 37] and are poten-
tially applicable to create products, drugs and food supple-
ments for treatments beneficial for individual outcomes.

We suggest the follow-up studies considering functional
links between oral diseases, obesity, metabolic disorders,
and molecular patterns characteristic for obesity dietary addi-
tives, immune and inflammatory responses, in order to devel-
op and test promising nanomaterials (nanoceria).

The results on nanoceria effects may be further considered
for the vascular/microcirculation response, related to tissue
microenvironment [35–37], that have particular importance
for individuals in a suboptimal health condition such as
“Flammer Syndrome” affected persons, and the strong poten-
tial for patient stratification [35] to avoid and optimally man-
age chronic diseases [36, 37].

Further studies including sufficient cohorts of volunteers
are necessary to translate model data to human population.
After approval, development of safe and effective

personalized medications/additives, clinical testing should be
initiated to implement results for routine practice.

Predictive medical approach

Translation of obtained results to human organism is quite a
challenge [11, 21, 31, 32] and may allow to consider con-
sumption of the products containing MSG, especially in early
age, as a predictive value for obesity and metabolic syndrome
development. Developing the panel of obesity assessment bio-
markers is an important point.

Biomarkers from oral cavity [6, 11] might include
fucoproteins and proteoglycans of connective tissue with se-
rum glycoconjugates as the specific diagnostic and or prog-
nostic biomarker panels in oral diseases [26] used for the
patient stratification with variety of diseases by evaluation of
saliva / oral cavity biomarkers to predict therapy responses
[38].

Microbiome of oral cavity

Future research dedicated to the oral bacteria involved in the
pathology and leading to obesity is needed [39] answering the
question - how the salivary microbiology affects gastrointes-
tinal microbiology. This sentiment is echoed by the great in-
terest in orally administered exogenous bacteria (probiotic
therapy) [40]. Oral diseases are linked to many immune-
related diseases like arthritis [41] via microbiome of the oral
cavity.

Oral bacteria are known to contribute to the weight increase
anddevelopmentofobesitybyat least threemechanisms [39]: (1)
theoralbacteriamaycontribute to increasedmetabolic efficiency,
(2) by increasing appetite, and (3) energy metabolism by

Table 3 NO-ergic system in rat
periodontal tissues under
conditions of glutamate-induced
obesity and correction by NCD
(M ±m)

Groups of animals The total NO-synthase
activity, [NO2-]/g/min

Content of nitrite
anions, mmol/g

1. Control (n = 18) 1.94 ± 1.03 0.48 ± 0.10

2. Obesity (n = 16) 3.06 ± 0.9* 0.63 ± 0.10*

3. Obesity + NCD (n = 12) 1.65 ± 0.63** 0.44 ± 0.07**

4. Obesity + NCD solvent (n = 6) 1.54 ± 0.74 0.51 ± 0.077

*P 1-2 < 0.05; **P 3-4 < 0.05

Table 4 Index of oxidative stress
in rat periodontal tissues under
conditions of glutamate-induced
obesity and correction by NCD
(M ±m)

Groups of animals The activity of
catalase, nkat/g

OMB content,
mmol/g

Content of TBA-
reagents, μmol/L

1. Control (n = 18) 1.76 ± 0.23 0.109 ± 0.04 21.77 ± 6.28

2. Obesity (n = 16) 1.14 ± 0.17* 0.186 ± 0.019* 43.27 ± 4.8*

3. Obesity + NCD (n = 12) 1.79 ± 0.18** 0.135 ± 0.021** 26.04 ± 3.23**

4. Obesity + NCD solvent (n = 6) 0.82 ± 0.35 0.121 ± 0.016 25.28 ± 4.3

*P 1-2 < 0.05; **P 3-4 < 0.05
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facilitating insulin resistance through TNFα increasing levels or
reducing levels of adiponectin.

Preventive medical approach

Obesity prevention by designing personalised diet corrections
at early disease stages is a principle message towards preven-
tive measures against obesity epidemic. However, the
glutamate-induced effects in oral cavity that modify the taste
sensation, oral microbiota, and sensitization of CNS [43] have
to be be further studied.

Diet and probiotics

Significant correlations between body shape and periodontal dis-
ease demonstrated similarities to those observed in other obesity-
related health problems [42]. Translation of the currently obtained
data on animalmodel to humanorganismshould allow to consider
dietary and probiotic tissues [44–46], probiotic strain impacts on
pancreatic function, and insulin resistance for personalized
dietology.

Conclusions

In our study performedon the obese rats, nanoceria demonstrates
protective properties on periodontal tissues and normalization of
the protein-inhibitory capacity, reduced depolymerization of
fucosylated proteins and proteoglycans as well as srong antioxi-
dative effects.

Expert recommendations

We recommend this study results to be considered for obesity
complications in oral cavity and new concepts to be created in
the context of predictive, preventive and personalized medi-
cine such as personalized nutrition, overall management of
obeisty as well as predicitve and preventive dentisry.

Treatment algorithms for patients suffering from obesity
and follow-up cascade of chronic patologies have not been
yet consolidated among the specialists in dentistry. We believe
that current data will strongly contribute to the multi-profes-
sional considerations dedicated to the optimal management of
obese and diabetic patients predisposed to or suffering from
oral pathologies [47].
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