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Result  One-hundred metabolites were characterised and 
assigned in the 1H NMR spectra of saliva. The statistical 
analysis of control (Healthy subjects) and diseased (Peri-
odontal subjects) using PLS-DA model resulted in R2 of 
0.84 and Q2 of 0.79. There was an elevation in the concen-
tration of statistically discriminant metabolites. The twenty 
newly identified metabolites in saliva indicates bacterial 
population shift along with change in homeostasis. These 
disturbs the biofilm, a real protector against any possible bio-
damage on tooth surface. These newly identified metabolites 
could define better geographically diversified periodontal 
condition.
Conclusion  Analysis clearly differentiates healthy sub-
jects from the diseased ones. Few newly identified metabo-
lites along with the pool of metabolites may serve as bio-
markers for distinguishing the severity and complexity of 
periodontitis.
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Abstract 
Introduction  Periodontitis is a chronic, non-reversible 
inflammatory disease of the oral cavity leading to destruc-
tion of periodontal tissues. Thus, the estimation of bacterial 
metabolite, tissue damage and secretory metabolites of the 
triggered inflammatory cells likely to yield results. It may 
be of value for understanding the pathophysiology of the 
disease by metabolic profiling of saliva samples using high-
resolution NMR spectroscopy.
Objective  The study will evaluate the difference in sali-
vary metabolites in healthy and periodontal condition along 
with fetching of possible biomarkers in case of chronic 
periodontitis.
Methods  1H- NMR spectroscopy has been employed in 
114 saliva samples in search of distinctive differences and 
spectral data were further subjected to multivariate analysis.

Electronic supplementary material  The online version of this 
article (doi:10.1007/s11306-017-1245-4) contains supplementary 
material, which is available to authorized users.
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TSP	� Trimethylsilyl propionate
VIP	� Variables Importance in Projection

1  Introduction

Periodontitis, a disease of oral origin is a result of distur-
bance in homeostasis with respect to bacterial population 
at microenvironment level characterized by inflammation 
followed by infection in gum or gingiva. This leads to 
destruction of periodontium in a stepwise manner resulting 
in irreversible tooth loss and therefore can be proclaimed as 
a multifactorial disease (Wolf 2006). Generally more than 
700 bacterial species are supposed to reside in sub gingival 
plaque which forms biofilm in a sequential manner as gram 
negative, gram positive, aerobic and anaerobic bacteria etc. 
on tooth surface (Brogden and Guthmiller 2002; Estrela 
et al. 2010; Haffajee and Socransky 2006). Different types 
of bacterial population that comes at the beginning on the 
tooth surface are known as early colonizers. They are being 
bridged by Fusobacterium nucleatum to the late colonizing 
bacteria (Merritt et al. 2009). Sometimes these populations 
do not interact with each other. Periodontitis is an infec-
tive condition attributable to certain pathogens, namely, 
aggregatibacter actinomycetemcomitans, Porphyromonas 
gingivalis, Bacteroides forsythus, Prevotella intermedia, 
Campylobacter rectus, Treponema denticola, Fusobacterium 
nucleatum etc. (Dumitrescu 2010; Perez-Chaparro et al. 
2014). Crevicular fluid often contains inflammatory media-
tors and the oral pathogens associated with periodontitis. 
The mechanism underlying this destructive process involves 
both direct tissue damage from the bacterial plaque products 
and indirect damage through bacterial induction of the host 
inflammatory and immune responses. The shift of symbiosis 
to dysbiosis of microbial population is a real culprit behind 
this disease as dominance of anaerobic bacteria such as pro-
teobacteria, spirochaetes etc. over facultative bacteria (early 
colonizers) such as Actinomyces and Streptococci species. 
The loss of alveolar bone, the major supporting structure 
of tooth is the outcome of pathological manifestation dur-
ing the infection (Page and Kornman 1997). Although peri-
odontal bacteria are the causative agent in periodontitis, 
subsequent progression and disease severity are determined 
by host immune response in which many cell types nota-
bly polymorphonuclear leukocytes, macrophages, lympho-
cytes and fibroblasts are involved (Meyle 1993; Offenbacher 
1996). In India, it is highly recommended to enhance the oral 
health literacy in order to shift the paradigm from normal 
to professional health care. It is generally the problem of 
more rural population as compared to urban where dentists 
are within the reach. We should organize the oral health 
programme in order to understand the signs and symptoms 
of oral health infection for better quality of life. Saliva has a 

cleansing effect on the teeth. Normally, 700–800 ml of saliva 
is secreted per day (Eastoe 1988). Saliva samples are readily 
available, its collection is also non-invasive and it could be 
developed as diagnostic tool to identify the diseases.

Metabolomics is the study of low molecular weight 
compounds by revealing their chemical property known 
as metabolite profiling in biological samples. Metabolites 
are indicators that act as a biomarker during transition from 
healthy to diseased state. Salivary metabolomics is all about 
the study of saliva for important biomarkers in easy and non-
invasive method in order to establish saliva as a diagnostic 
tool for many diseases in very early phase. Understanding 
the metabolite chemistry of saliva will help researcher to 
know many biomarkers to be revealed in form of endogenous 
metabolites including amino acids, peptides, nucleic acids, 
organic acids and thiols etc. for disease indicator (Arakaki 
et al. 2008; Park et al. 2012). Therefore, more markers of 
disease are eagerly needed, particularly, for the detection of 
disease; highly sensitive and specific biomarkers as primary 
indicators are relatively more useful (Wang et al. 2011; Yu 
et al. 2006). Metabolomics offers potential advantages that 
classically diagnostic approaches do not, based on the fol-
lowing discovery of a suite of clinically relevant biomarker 
that is simultaneously affected by the disease. Earlier 75 
salivary metabolites were identified via NMR (Dame et al. 
2015) and some of the metabolites such as propionate, 
N-acetyl signal, pyruvate, succinate, trimethylamine and 
phenylalanine were found to be distinctive in case of gener-
alized chronic periodontitis as compare to healthy subjects 
(Aimetti et al. 2012). Since saliva is in direct contact with 
the periodontitis pathology, we have therefore attempted 
to evaluate the differences in metabolite indices in saliva 
(Dame et al. 2015) specimens in Indian context from control 
subjects using high resolution NMR spectroscopic studies. It 
will be important in identifying specific metabolites, which 
may act as an indicator of the disease in its chronic form.

2 � Materials and methods

2.1 � Subjects and sample collection

One hundred fourteen samples were collected of Healthy 
(Control) (n = 52), chronic periodontitis (Case) (n = 62) sub-
jects having a pocket size of >5.0 mm (clinical attachment 
loss) with no other and oral comorbidities (Supplementary 
Table 1) along with the age and gender where flap surgery 
would be required. Subjects were seated comfortably and 
then asked to collect unstimulated saliva into a sterile con-
tainer (containing 2.0 mg of Sodium Azide) for a period of 
10 min in morning before brushing (All Volunteers/patients 
requested to refrain from oral activities for a period of 2 h 
prior to sample collection) and snap frozen immediately in 
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liquid nitrogen. The selected patients were fully informed 
and their consents were taken well before the investigations. 
The study was ethically approved by the committee (Ethical 
approval No. - B-07: CBMR/EMP/IEC/3/26-02-2011).

2.2 � Sample preparation and acquisition

Frozen samples were thawed at room temperature and centri-
fuged at 5000 g for a period of 30 min at 4 °C. Supernatant 
was taken for further experimental procedure and 300 µl of 
supernatant mixed with 300 µl of Sodium phosphate buffer 
in 5 mm NMR tube (Wilmad Glass USA) and vortexed for 
30 s for sample homogeneity (Aimetti et al. 2012). NMR 
experiments were then performed using a Bruker Bio-
spin Avance III 800 MHz NMR (Bruker, GmBH) spec-
trometer equipped with a 5 mm Triple resonance inverse 
(TCI)1H/13C/15N cryoprobe with a Z-shielded gradient and 
standard vertical bore, operating at a proton frequency of 
800.21 MHz (18.8 T).

2.3 � NMR experimental conditions

The 1H NMR spectra of saliva samples were acquired 
with water presaturation at 300 K with 128 scans and 4 
dummy scans. The spectra were acquired using 1D NOESY 
with water presaturation and Carr-Purcell-Meiboom-Gill 
(CPMG) pulse sequence (for suppressing short T2 reso-
nances arising due to macromolecules) on each sample. 
The following experimental parameters were used: spec-
tral width of 12,019 Hz, time domain data points of 64 K, 
relaxation delay 4.0  s, 128 scans with 4 dummy scans, 
with a total recording time of approximately 15  min. 
CPMG pulse sequence with water suppression [PRESET 
−90°−(δ−180°−δ) n−Aq] with an echo time of 300µs was 
performed. For Saliva samples, the spectra were recorded 
using water suppression pulse sequence 1D NOESY gradi-
ent-preset with water irradiation during a relaxation delay 
of 4 s and mixing time of 10 ms. other parameters were: 
spectral width 18,028 Hz, time domain data points 64 K, 
acquisition time 1.81 s, number of scans 128 with 4 dummy 
scans. This results in a total acquisition time of 12 min 54 s 
per sample. All spectra were processed by applying a line 
broadening of 0.3 Hz to the FID prior to Fourier Trans-
formation using the software TOPSPIN (version 3.1). The 
spectra were manually phase and baseline corrected using 
automatic baseline correction. To confirm the assignments, 
two-dimensional 1H–1H homo nuclear correlation spectros-
copy (COSY) and 1H–13C hetero nuclear single quantum 
correlation spectroscopy (HSQC) were performed using 
Bruker’s standard pulse program library. The parameters 
used for COSY were: 2048 data points were collected in 
the t2 domain over the spectral width of 11,194 Hz, 256 
t1 increments were collected with 88 transients, relaxation 

delay of 2 Sec, acquisition time of 91 ms and pre-saturated 
water resonance during the relaxation delay. The resulting 
data were zero-filled to 1024 data points, and were weighted 
with sine bell window functions in both the dimensions prior 
to Fourier transformation. The parameters used for 1H–13C 
HSQC were: 2048 data points were collected in t2 dimen-
sion over the spectral width of 11,194 Hz, 256 t1 increments 
were collected with 88 transients, relaxation delay of 2.0 s, 
acquisition time of 91 ms and a 90° pulse of 10.98 μs. The 
phase sensitive data were obtained by the echo-antiecho-
time proportional phase increments method. The resulting 
data were zero-filled to 1024 data points and were weighted 
with 90° shifted squared sine bell window functions in both 
the dimensions, prior to fourier transformation.

2.4 � Statistical analysis (data reduction and pattern 
recognition)

Broad resonances were observed in the NOESY spectra due 
to presence of macromolecules in the native saliva and a 
flat base line could not be obtained for small molecules sig-
nals in the 1H NMR spectra even after phase and baseline 
correction (Supplementary Fig. 1). Therefore, CPMG NMR 
spectra were corrected for phase and baseline prior to sub-
jecting them for further multivariate analysis. The spectra 
were reduced to discrete chemical shift regions (between 8.6 
and 0.6 ppm) with the removal of water region from 5.15 to 
4.49, area after anomeric proton of sugars 5.78–5.45 and 
6.7–5.9 ppm by digitization to produce a series of sequen-
tially integrated regions of 0.02 ppm width bins using Bruker 
AMIX software (Version 3.8.7, Bruker Biospin, Germany). 
Simple rectangular binning of these regions was performed 
to integrate the peak area. The histograms were normalized 
by dividing each integral area of the segment by the total 
area of the spectrum, to compensate for the differences in 
the overall metabolite concentrations within the samples. 
Subsequently, similar process were carried out by remov-
ing doublet of the methyl signal of lactate between 1.35 and 
1.30 and acetate singlet between 1.95 and 1.85 ppm appear-
ing as an intense signal. The resulting data matrices in both 
the cases having normalized integral values were exported 
into Microsoft Office Excel 2007 (Microsoft Corporation, 
USA). These were further imported to ‘The Unscrambler X’ 
Software package (Version 10.0.1, Camo USA, Norway) for 
multivariate principal component analysis (PCA) and partial 
least square discriminant analysis (PLS-DA) analysis. PCA 
was performed on matrices of spectra from healthy (Control) 
(n = 52), chronic periodontitis (Case) (n = 62) subjects for 
comparing their metabolic profiles. In PCA and PLS-DA, 
a full cross validation using leave-one-out were applied for 
avoiding the over fitting of the mathematical model. The 
cross-validation parameter Q2, indicating the predictability 
of the model related to its statistical validity was calculated. 
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An additional cross validation tool, a permutation test, was 
performed for each model by randomizing the order of Y 
variables for a specified number of times (Jiang et al. 2013). 
The initial multivariate analysis where methyl of the lactate 
and acetate signals were taken into account did not provided 
meaningful result (Supplementary Fig. 2). After complet-
ing the multivariate analysis on the given dataset, about 
75% of the data were randomly selected from Fisher and 
Yates table (Fisher 1957) as training set. The training set 
comprised Healthy (Control) (n = 37), periodontitis (Case) 
(n = 47) subjects NMR spectra out of the total saliva sam-
ples. Another PLS-DA model was generated with the data 
of the training set. The test set was not included during the 
construction of the PLS-DA model, but was predicted based 
on this model. To validate the process of prediction of any 
sample, a Receiver Operator Characteristic curve analysis 
was accomplished on the PLS-DA Factor 1 using SPSS 
(SPSS Inc., Version 20) software. The ROC curve analysis 
is considered to be a statistically valid method to evaluate 
the performance of biomarkers (Søreide 2009; Zweig and 
Campbell 1993). The results were further confirmed by per-
forming VIP score analysis by Metaboanalyst (version 3.0).

Discriminant metabolites identified from the VIP score 
analysis along with acetate metabolites were quantified using 
NMR suite 8.1 (Chenomx) software. Univariate statistical 
student’s t-Test using SPSS (SPSS Inc., Version 20) software 
for two independent groups were performed and is presented 
in Table 1.

3 � Result

3.1 � Metabolic profile of saliva samples

Proton (1H) NMR spectra were processed (n = 114) and 
went under analysis obtained from healthy and periodontal 

subjects. Characterization of these metabolites was car-
ried out on the basis of chemical shift, coupling constant 
and splitting pattern of metabolites as reported in literature 
(Aimetti et al. 2012; Dame et al. 2015), two-dimensional 
NMR spectra and by comparison with standard NMR 
spectra of metabolites reported in the Biological Magnetic 
Resonance Bank (BMRB, http://www.bmrb.wisc.edu) and 
Human Metabolome Data Base (HMDB, http://www.hmdb.
ca) (Markley et al. 2007; Wishart et al. 2009). One and 
two-dimensional NMR spectra allowed identification and 
assignments of hundred endogenous metabolites. A repre-
sentative class of CPMG 1H NMR-spectra obtained from 
healthy and chronic periodontal subjects are presented in Fig 
1. Along with earlier metabolites, 20 new metabolites were 
observed in saliva samples as 2-hydroxy 3-methylvalerate, 
caprylate, inosine, imidazol, nicotinate, phenol and trypto-
phan in healthy controls. While, 3-hydroxybutyrate, acetoin, 
asparagine, glutamine, sucrose and xanthine in periodontitis 
disease sample and remaining 2-methylhistidine, desami-
notyrosine, fumarate, isoleucine, maltose, trimethylamine 
N-oxide and uridine were present in both controls and dis-
ease state respectively (Supplementary Table 2).

3.2 � PCA of healthy and periodontal case samples

As observed in the 2D scattered PC1 v PC2 score plot, there 
is a very significant difference between the control and dis-
eased group Fig 2a. The PCA score plot showed 57% of 
explained variance. The PC1 loading plot, Fig 2b demon-
strated that principally observed major metabolites in the 
NMR spectra are present in very high concentration dis-
eased state and masking the effect of minor metabolites. 
This does not explain the exact picture of metabolomic 
differences between healthy and periodontal condition. 
This observation was further validated by VIP score Fig 4. 
However, PC-2 loading plot, Fig 2c demonstrated positive 
correlation with propionate (1.07 ppm), propylene Glycol 
(1.15 ppm), butyrate (1.55 ppm), 5′ APO (1.67 ppm), acetoin 
(2.23 ppm), valine (2.33 ppm), lactate (4.11 ppm), desa-
minotyrosine (7.17 ppm), tyrosine (6.87 ppm) and formate 
(8.45 ppm) (Aimetti et al. 2012). Negative loading with 
ethanol (1.19 ppm), ethane sulfonate (1.25 ppm), glutamate 
(2.09 ppm), NAG (2.13 ppm), glycine (3.57 ppm), alanine 
(3.77 ppm), phenol (6.91 ppm), histidine (7.07 ppm), pheny-
lalanine (7.37 ppm), phenylacetate (7.33 ppm) and 3-meth-
ylhistidine (7.79 ppm) (Barnes et al. 2009).

3.3 � PLS‑DA of healthy and periodontal case samples

PLS-DA facilitated better characterization of the metab-
olites, distinguishing between healthy and periodontal 
cases. Scattered plot of PLS-DA Fig 3a with R2 and Q2 
values were 84 and 79% was observed. The robustness of 

Table 1   Statistical significance (p values) of the quantified discrimi-
nant metabolites and acetate evaluated using student’s t-test of control 
(Healthy controls) and Case (Periodontal disease control)

Except acetate, all metabolites are significant

Metabolite Mean ± SD (mM) t-value p value

Control Case

Glutamate 0.04 ±  0.02 0.07 ± 0.05 1.94 0.046
Valine 0.03 ± 0.01 0.04 ± 0.01 3.97 0.001
Succinate 0.01 ± 0.02 0.03 ± 0.03 3.43 0.001
Alanine 0.05 ± 0.02 0.06 ± 0.02 1.98 0.054
Lactate 0.25 ± 0.3 0.56 ± 0.7 2.87 0.005
Leucine 0.04 ± 0.01 0.05 ± 0.02 2.12 0.04
Pyruvate 0.06 ± 0.03 0.04 ± 0.01 2.21 0.032
Acetate 2.48 ± 1.9 2.84  ± 1.42 1.08 0.28

http://www.bmrb.wisc.edu
http://www.hmdb.ca
http://www.hmdb.ca
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Fig. 1   Typical comparative 1H NMR spectra of healthy and periodontal saliva samples

Fig. 2   a 2-D PCA Scatter plot showing difference between con-
trol (healthy) and diseased (periodontal) group. b PC-1 loading plot 
showing the principally observed major metabolites, which depicts 

the severe inflammation in diverse fashion. c PC-2 loading plot show-
ing small molecular weight metabolites. Positive correlation showing 
upregulation and negative correlation indicating the downregulation
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the PLS-DA model was further grounded for training set 
Fig 3b and prediction of the test set was performed with 
nearly 100% of accuracy Fig 3c.

The VIP score plot is shown in Fig 4 and the scores of 
seven metabolites of more than value of 2 were considered 
to be discriminant. Their significance were further con-
firmed by statistical analysis on quantified data of these 
metabolites (Table 1).

3.4 � ROC curve analysis

The prediction accuracy of the model was again validated 
with the area under the curve (AUC) value obtained from 
the ROC analysis Fig 5. The value of AUC was found to 
be identical (0.982) for the total 114 samples, which was 
more than 95% of confidence interval. The ROC calculates 
the sensitivity and specificity (1-specificity actually) for 
each cut-off value assuming values that are equal or above 
the threshold as positive and those below as negative (Hart 
and Kornman 1997; Xia et al. 2013). The given ROC curve 
analysis was found to be near accurate in its sensitivity 
and specificity.

4 � Discussion

Various studies have demonstrated that susceptibility to 
chronic periodontitis has a genetic component too (Hart 
and Kornman 1997). Disease severity may be categorized as 
early, moderate and advance stage of periodontitis with 1–2, 
3–4 mm and more than 5 mm of sub gingival plaque respec-
tively. Smoking and tobacco chewing may also increase the 
susceptibility towards periodontitis, as these components 
disturbs the biofilm layer. Other than that, many layers of 
biofilm is protective enough for avoiding periodontitis (Chen 
et al. 2005). Cellular Immune system also plays a major 
role in this disease as various cytokines, Interleukins and 
TNF- alpha gives better insights and offer the area of genetic 
basis of the disease. Moving from dysbiosis to symbiosis or 
restoring the homeostasis with reference to polymicrobial 
community in chronic periodontitis (i.e. biofilm restoration) 
is the main motif towards the effective therapy. Especially 
the P. gingivalis proteins play crucial role for essential func-
tion for entire population as it is often marked as a key mem-
ber for polymicrobial community. PC-1 demonstrates overall 
increase in metabolites that may be a part of overall increase 
as major confounders, which seems to be highly unusual. 

Fig. 3   a 2-D PLS-DA Scatter plot showing difference between con-
trol (healthy) and diseased (periodontal) group, attributing R2 and 
Q2 values of 84 and 79% respectively. b 2-D PLS-DA Scatter plot 
of training set showing difference between control (healthy) and dis-
eased (periodontal) group, attributing R2 and Q2 values of 70% each. 

c Prediction of unknown saliva samples (test set, n = 30) using PLS 
model which was prepared using training data set (n = 84) samples. 
The predictions are made on the basis of a priori cut-off value of 0.5 
for class membership, using y-predicted box-plot between control 
(healthy) and case (periodontal) group
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This may also be indicative towards outburst of various 
chemokines in order to cope up with inflammation thus giv-
ing rise to highly populated chemical environment leading 
to increase in concentration of salivary metabolites which 
can’t be treated with medication. As compared to healthy 
sites, diseased site have compromised defense mechanism 
in the periodontium. Neutrophils localization is a sign of 
bacterial infection but unfortunately they do not reside in 
periodontal tissue and rather than they use them as a passage 
for migration towards the site of infection. This completely 
resemble with the fact that innate defense mechanism might 
play a very crucial role in case of periodontitis (Darveau 
2010). Using the local anti-inflammatory agent therapies 
shows marginal improvements; this may be because of less 
effectiveness of particular agent in multifactorial infection 
leading to multiple disturbances in host tissue homeosta-
sis followed by initiation of destruction of periodontal tis-
sue with heavy load of inflammation. This is the reason in 
polymicrobial community disease ultimately; flap surgery 
would be required in chronic periodontitis patient. PC-1 
results also draws attention towards oxidative stress where 
major antioxidants had failed to control the inflammatory 

Fig. 4   VIP score plot focusing 
the significant metabolites as 
observed between periodontal 
and healthy samples

Fig. 5   The ROC curve generated from predicted Y values of PLS-
DA along with AUC value
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condition, which is also a part of strong cellular defense 
defeating at the diseased site.

PC-2 loading projects marked differences clearly for 
defining the periodontal condition from the healthy con-
trols. Here we can see the increase of particular metabo-
lites like propionate, propylene glycol, acetoin, valine, 
butyrate and 5- aminopentanoate indicates the population 
shift from homeostatic to anaerobic condition. Decreas-
ing levels of NAG along with pyruvate, glutamate, ethane 
sulfonate and ethanol supports the above dysbiotic condi-
tion defining the severity of chronic periodontitis (Aimetti 
et al. 2012). These could be used as a possible biomarker 
in defining the chronic periodontal condition as they 
become very important factor in distinguishing the peri-
odontal condition from the healthy one. Ethane sulfonate 
and some more fermented product like H2S production 
could exist majorly because of two prominent increase 
in the population of bacteria; Fusobacterium spp. and P. 
gingivalis producing offensive foul breath, which could be 
considered as characteristic symptom of periodontal dis-
ease which share the characteristic of other disease known 
as Halitosis (Matsuyama et al. 2005; Ratcliff and John-
son 1999). H2S production also up regulates LPS induced 
Interleukin 6 and 8 via activating P. gingivalis which 
activate more aggressive form of periodontitis (Greabu 
et al. 2016). As mentioned above oxidative stress could 
play major role, this could also be connected well with 
H2S production that indirectly activates neutrophils. PC-1 
clearly states a burst of inflammatory responses produced 
in response to chronic periodontitis and above mentioned 
biochemical response can be connected well with the find-
ings. Majority of anaerobic bacteria predominantly starts 
replacing the homeostatic one and lots of Lipopolysaccha-
rides (LPS) exposed to the local environment, which trig-
gers extracellular matrix (ECM) degradation and followed 
by osteoclastogenesis process. This favors the bone resorp-
tion stage, the final outcome in case of chronic periodon-
titis (Anderson 2000; Inohara and Nunez 2003; Sims and 
Gooi 2008). Aromatic region of the spectra shows very 
promising results with decreasing level of phenylalanine, 
phenylacetate, phenol and histidine, which establishes 
good correlation with purine degradation pathway getting 
upregulated. The decreasing level of these may taken into 
the consideration along with protein degradation could be 
the possible reason in this multifactorial inflammatory dis-
ease (Barnes et al. 2009). Formate increase also presents 
a strong connection with increase in dysbiotic population 
leading to loss of homeostatic environment. Some newly 
identified metabolite such as 3-hydroxybutyrate, acetoin 
(Johnson et al. 2008), glutamine, asparagine and xanthine 
(Supplementary Information) (Barnes et al. 2009) found 
in periodontal disease condition. It can be used for identi-
fying and characterizing the disease specifically and may 

also serve as biomarkers (Zhang et al. 2012) for defin-
ing chronic periodontitis. These consequences mentioned 
above are most commonly irreversible in nature and medi-
cation is not helpful, henceforth flap surgery is ultimately 
required. This polymicrobial disease results in modulat-
ing various inflammatory cytokines, which alters the local 
population balance and promotes destructive inflammation 
that really affects the tooth biofilm a lot, a very important 
protective role towards the beginning of periodontal dis-
ease. Understanding the role of biofilm will surely help 
in near future with the fact that how these communities 
interact with each other and how population shift disturbs 
and proceed to dysbiosis along with restoration of healthy 
biofilm.

5 � Conclusion

Present study reveals many insights in the periodontitis 
using high field 1H NMR spectroscopy metabolomics and 
the information gathered may be used in differentiating 
the periodontal condition from the healthy controls. It may 
benefit for getting the metabolic indicators being used as 
biomarkers for distinguishing the disease in chronic stage. 
Newly identified metabolites give geographical diversity 
and project the habitat and hygiene in first place where it 
could depict the healthy oral condition. Saliva could be 
used as a potential body fluid over the traditional (Blood, 
urine and CSF) in other important diseases as saliva can 
be easily restored in body where other body fluids may not 
be easily accessible. Thus this study has importance in oral 
diseases as well as indicative of many other diseases for 
use of saliva as a better diagnostic fluid in future (Figueira 
et al. 2016).
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