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This article is devoted to the development of a device implanted in human oral
cavity for continuous monitoring of the patient’s salivary fluid in order to detect occurring
cardiac diseases. Miniature sensor draws in saliva at certain intervals and analyzes it for
the presence of biological markers that indicate, for example, approaching myocardial
infarction. If cordial markers are identified there is an automatic notification of the
patient and/or medical personnel. The paper presents the basic requirements to be met by
the sensor that will help to improve the quality and speed of diagnosis of various

cardiovascular diseases.
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In recent decades, salivary fluid has been
proposed as an alternative to screening
diagnostics. An important advantage of using
saliva compared to blood as a diagnostic
environment is easy and non-invasive sampling
of this material, which helps to eliminate the
discomfort and pain associated with blood
sampling, aswell asto avoid problems of privacy
associated with the intake of urine. In addition, in
comparison with blood, the salivaconsists of fewer
proteins, thereby reducing therisk of errorsdueto
non-specific effects and hydrostatic interaction.
Blood protein concentration can vary by several
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orders of magnitude, the half-life of proteinsranges
from several seconds to several months or more.
The composition of salivais not so complex and
variable, so saliva more accurately reflects the
current state of the organism in aspecific period of
time. 3

The vast quantity of information
containedin salivaasin abiological fluid makesit
a promising alternative to blood. Analysis
applicability of saliva caused in the first place by
no need of invasion, and therefore painful
sensations that accompany the intake of blood.
Secondly, any invasion potentially increases the
risk of infectious complications. Therefore, saliva
became the subject of great attention of scientists
all over theworld.

The saliva has been proposed as a non-
invasive alternative to screening-diagnosis,
however, the use of saliva had been hampered by
the low sensitivity of the methods and low
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concentrations of salivary biomarkers. The
development of high technology has resulted in
learning how to detect many important biological
substances in saliva: electrolytes?, drugs®®,
proteins (cytokines, hormones, enzymes)”®,
antibodies'®, bacteria®'®, RNA¥*Y, Dueto high
technologies saliva was used as an indicator of
various diseases, to identify infectious agents,
therapeutic drug monitoring, hormones, and to
obtain geneticinformation. Nowadays, experience
on correlating levels of biomarkers of blood and
salivahas been gathered, which will allow in many
cases to refrain from blood sampling.
Technologically advanced and reliable methods
of diagnosis using saliva specimens can be
executed repeatedly without any damage to the
health of the patient.

It is expected that modern analytical
technologies will greatly expand the potential
diagnostic value of saliva. Early identification in
saliva biomarkers of cardiovascular disease,
especially predictorsof acute myocardial infarction
(AMI), creates conditionsfor aqualitativeleap in
the diagnosis of cardiovascular events.

Thus, the use of biochemical indicators
of saliva for a comprehensive assessment of the
condition of the human body opens new
possibilitiesfor diagnosisand predicting the course
of various socially significant diseases.

MATERIALANDMETHODS

Diseases of thecirculatory system arethe
main cause of death and disablement. In the
structure of total mortality in the Russian
Federation they are accounted for 56%, mainly
strokes and heart attacks'®, 30-40% of victimsdie
at the pre-hospital stage. Sudden cardiovascular
death could have been prevented, if timely
professional assistance was available. However,
this can be realized only under the condition of
constant monitoring condition of the patients
relating to the risk group.

Animplanted into the oral cavity sensor
(biosensor), focused on the dynamic analysis of
protein in the saliva, may be the solution. This
technical device will monitor the patient’s
condition and send information to the appropriate
health care organization. It will help to prevent
myocardial infarction in cases of severe attacks of
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coronary heart disease, and also will significantly
improve theresults of treatment of cardiovascular
patients through timely taken remedial measures.

Thiswork isfocused on identification of
biomarkers of myocardial infarction, because of its
high medical and social significance'®?,

Aspart of thework there was analysis of
world literature, patent development,
interdisciplinary consultationswith leading experts
(technical, medical) carried out, the aim of which
was: to explore and describe changes in the
chemical composition of saliva upon the
occurrence of socially significant diseases, to
develop proposals for the detection of such
changes and their detection using an implantable
biosensor systems.

Water and dissolved organic and
inorganic substances compose saliva. The solid
components are dissolved in the liquid phase and
differ from person to person, in addition, their
composition can vary during the day. Organic
substances of salivainclude enzymes (&amylase,
maltase, kallickrein, lysozyme, mucin, vitamins,
urea, uric acid, amino acids, cholesteral, agglutinin
and agglutinogen (appropriate to the blood
group), the components of the blood coagulation,
glucose (diabetics), etc. Amylase and maltase
enzymes break down carbohydratesto oligo - and
monosaccharides. Inorganic substances of saliva
are the salts of various acids, trace elements,
cationsand anions, mainly, differentions: K*, Na,
ClI,Mg*, HCO,, C&*, HPO,> €NH_*

Among proteins the most important are
those which are produced by the organs of internal
secretion (&-amylase, histamine, cystatin,
lactoferrin, lysozyme, mucines, proline-rich
proteins (PRP) or which are derived from plasma
(albumin, secretory immunoglobulinA (slgA) and
transferrin®.,

Thewiderange of biochemical saliva, the
reactivity of salivary glands in pathological and
functional disorders, unusually high intensity of
circulation with the possibility of large amount of
secret, as well as the classical doctrine of the
mechanism of homeostasis of the internal
environment of organism in stress conditions led
to the formation of new views on the function of
the salivary glands®?2* Changes in the
composition of saliva under different conditions
of a person not only play arole in the diagnostic
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criteria, but are prognostic markers®.

Therelation between biomarkersof saliva
and acute forms of ischemic heart disease is
reflected in many scientific works® 26, Therefore,
given the importance of cardiovascular disease
and, mainly, myocardial infarction, technique
presented inthisarticleisaimed at prevention and
early detection of M| that will allow to take timely
and appropriate medical decisions, which
ultimately will give the opportunity to reduce
premature mortality.

Diagnosis and prediction of
cardiovascular events are demonstrated in the
following eligible patent documents, which arethe
closest analogues of the developed device. John
T. Mcdevitt and others offered anumber of methods
for the determination of cardiovascular biomarkers
(index — cardiobioindex, CBI; each biome;
combination of biomarkers) for risk assessment,
diagnosisor prognosis of cardiovascular diseases.
Technical diagnostic deviceworksonthe principle
of lab-on-chip®. The same authorsthreeyearslater
patented a new method of rapid diagnosis of AMI
in humans, giving preferenceto saliva’.

Joachim Struck and John GF Cleland®
propose an invention that allows one to diagnose
and predict the course of chronic heart failure by
determining thelevel of procalcitoninin biological
fluids (blood, serum, plasma, cerebrospinal fluid,
saliva, sputum, urine).

Among Russian technical solutions a
device for the detection and prediction of heart
disease based on the analysis of salivawasfound.
Special feature of the salivary sensor is that it is
combined with a radio frequency identification
(RFI) chip, i.e. datafrom the sensor istransmitted
to the reader via radio-frequency electromagnetic
field. If necessary, the sensor has access to saliva
through a small tube. In case of myocardial
infarction danger the signal is triggered in the
bracelet. The authors suggest installing thisdevice
in tooth-implant or dentures of various
modifications®

The main disadvantages of this
technology isthelimited battery life (up to 1 month),
aswell as of acartridge. The cartridge inside the
implant must be regularly recharged with new
reagents for the subsequent analyses, which
obligesthe patient to visit the dentist on amonthly
basis. Limited capacity for medicines draws
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attention. Furthermore, in this solution thereisno
possibility of remote monitoring.

To eliminate the disadvantages of the art,
the paper describes the developed miniature
devicefor implantationintheoral cavity, whichis
capable of determining for long time the
concentration of protein markers of acute
myocardial infarction (main: high-sensitivity
troponin, abinding fatty acid protein, myoglobin,
troponin T) by the method of
immunochemiluminescence analysis of salivaand
to inform the patient and medical-preventive
institution of vascular catastrophe and/or its
predictors.

In the course of work it was required to
develop thefollowing scientific and technol ogi cal
basis:

systemsof the lab-on-chip class,
including tanks for storage of reagent used in the
chemiluminescencereaction, the system of micro
pumps for collection of saliva samples and
transferring the reagent from the tank to astorage
tank for the reaction (if necessary), the silicon
photomultiplier to register luminescence;

lab-on-chip electronics, ensuring the
functioning of the silicon photomultiplier (bias
voltage, load), aswell as the count of pulseswith
a duration of not less than 25 ns at a rate not
exceeding 10 million pulses per second,;

power supply capable of supporting the
functioning of the lab-on-chip for along time.

The principle of operation of the
developed deviceisthefollowing. The collection
of saliva sample is carried out through micro
pumps, frequency of sampling varies and can be
programmed at any time (from 1 time per 10 minutes
to 1 time per month and less). Salivaentersthelab-
on-chip, equipped with fluorescent labels. When
interacting with the protein-markersthese markers
begin to emit the illumination of different
wavelengths, the intensity of which is registered.
Thereceived informationisrecorded onrequest in
the reader, which islocated on the patient’s body
(for example, intheform of anecklace or abracel et)
and containsthe microprocessor. When exceeding
the threshold concentration of myocardial
infarction predictors, bracelet generates audio and
kinesthetic alarms. Using GPS and GPRS/ Wi-Fi
information comesin the health care organi zation
and primary care physician.
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The biosensor will have minimal
dimensions (lessthan 0.9 cmindiameter), soit can
be embedded in a tooth, a denture or false teeth.
The device, consisting of a microchip and metal
rings, can operate as an antenna. In some cases,
power supply or other microchips that allow to
increase the computing power of the device can
also be embedded.

Microchip sensor will store the result of
analysis of saliva (at least the last analysis). The
resultswill be stored in memory of at least 256 hits
in size. Each bit will be encoded as at least one
biomarker of cardiovascular disease. This creates
the opportunity to make at least 26 reactions, if
necessary, their number can be increased, which
will ensure the timeliness and accuracy of
diagnosis.

I dentification of cardiac biomarkersinthe
saliva will occur through chemical reactions,
defined by immunochemiluminescent analysis. The
reaction of each biomarker definitionwill take place
in a separate cell sensor: 1 is coded as a positive
reactiontoindividual cardiac marker, 0 asnegative
reaction.

The RFI reader periodically requests the
microchip and analyzes whether the results of the
analysis are the symptoms of approaching MI. If
theresult ispositive, the bracel et/necklaceinforms
the person about the risk of onset of myocardial
infarction. The decision about the signal is taken
by amicrochip embedded in the RFI card reader. In
addition, in the case of identification of high risk
of MI, aninstruction will appear on the led screen,
which can be used either by the patient, or the one
who assistshim, if the patient isunconscious. The
reader will have a remote control function, with
which one can query the sensor salivato carry out
an immediate analysis of suspected MI. And will
be built in GPS system, which allowsto provide a
system for detecting the location of the patient, to
obtain information about his condition and take
appropriatetimely actions.

To carry out continuous monitoring and
processing of complex indices of levels of
biomarkers new software, based on the resulting
medical research decision rules, needs to be
created. Wireless transmission of data about the
change of physiological parameters of the
cardiovascular system will be carried out through
aradio channel of the microprocessor associated
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with the implanted biosensor. To do this, a set of
interfacesfor transmitting digital datato acomputer
of amedical institution and/or physician must be
created. Such network communication system as
Wi-Fi and/or GPRS can be used.

The biosensor will beinstalled in adental
implant is an artificial tooth, bridge or false teeth
that are installed in the ora cavity, which uses
technology that is used today in prosthetic
dentistry to support restorations. A typical implant
consists of atitanium screw with aroughened or
smooth surface. The convenience of thisimplant
isalso justified by the fact that in dentistry, there
are no absolute contraindications for the use of
dental implants.

RESULTS

Thus, given the current state of the
project development the following approaches are
proposed to be implement, providing the most
effective diagnosis and the possibility of its mass
application:

About controlled cardiomarkers:

leaving attempts to choose a single
“ideal” biological indicator;

confirmation of choice of biological
markersand their combinations by proteomic data
(thetermfor thetotality of proteinsof an organism,
produced by cells, tissues or organismin acertain
period of time [34]) characteristic of the protein
composition of salivafrom different representative
groups of patients;

during the analysis implementation of
complex personalized account of relevant
connections and their dynamics, reflecting the
individual characteristics of the patient;

the combination in the panel of controlled
cardiomarkers of direct destruction of cardiac
tissue indicators and proteins associated with
pathological processes, which are indicators of
inflammation, vascular system, determining therisk
and potential severity of the disease;
About means of selective detection of
cardiomarkers:

applying immune chromatography
approaches for rapid analysiswith minimal effort
on the side of operator, when the contact of the
analytical system (cassettes) with the analyzed
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probedirectly initiatesthe course of all subsequent
interactions and the formation of detectable
complexes on the surface of the membrane carrier;

using the original methodology of two-
dimensional immune chromatography for
simultaneous high-throughput analysis of large
numbers (20-30) of compounds, based on the
formation of the analytical zonein the form of an
ordered array of tiny dots with immobilized
immunoreagents of different specificity;

due to the use of colorimetric and
fluorimetric nanodispersed markers and their
complexes with antibodies of optimal size and
composition, the limit of detection of target
compoundsis 10-25-fold lower in comparison with
traditional immune chromatography;
About meansof test resultsregistration:

development of two types of detectors
for the detection and quantitative evaluation of
the composition of nanoparticle markers in the
immune chromatography systems - optical and
thermometric;

complete hardware-software complex,
taking into account the initial probability of the
risks of cardiovascular disease: one of the
detectorsissimpler and optical detector equipment
is cheaper for mass control and specialized high-
sensitivity option of thermometric detector for risk
groups;

original methodology of the highly
sensitive thermometric detection of the colloidal
gold nanoparticles on the membrane carrier;

using video-digital registration of
distribution of the marker on the surface of the
carrier, and not thetotal level of binding to minimize
erroneous diagnosis caused by nonspecific
interactions and incorrect identification of the
binding zones;
About software tools for the processing and
recording of results:

ensuring the transfer of information on
test results using mass tel ecommuni cation devices,

maintai ning and accounting quantitative
analysis and source images of test systems;

the objectification of decision-making on
test results;

formation of individual databases on the
results of periodic tests;

personification of the decision about the
risks of development of cardiovascular system
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diseasesto suit individual cardiomarker profiles.
CONCLUSON

The main expected result of the proposed
project will bethe creation and characterization of
the experimental sample of a portable biosensor
system for individual non-invasive monitoring of
the cardiovascular system. The principal
advantages of the proposed system are:

. easy sampling for cardiomarker control;
automation of the analysis;
objectification of the evaluation results;
dynamics of body condition monitoring

according to the periodic testing;

databases for personalized disease risk
assessment;

low cost of the analytical system,
providing the possibility of its mass use.

Therefore, the devel oped systemwill help
to improve the quality and speed of diagnosis of
various cardiovascular diseases and to prevent
their progress, evaluate the effectiveness of
treatment and timely adjust it, to reduce
psychological stress of patients and improve
adherence to treatment.

ACKNOWLEDGEMENTS

Publication prepared based on the results
of scientific research project No. 13-04-12092
“Development of technology for the prediction and
early detection of disease based on the analysis of
the composition of saliva of a person through
implantable bio-sensing means” supported by the
Russian Foundation for Basic Research (RFBR).

REFERENCES

1. Chiappin S, Antonelli G, Gatti R, De Palo EF.
Saliva specimen: a new laboratory tool for
diagnostic and basic investigation. Clin Chim
Acta 2007; 383(1-):30-40.

2. Novichikhinal.A. Proghosisof acute myocardial
infarction using hemodynamic and biochemical
parameters of blood and saliva. The dissertation
on competition of ascientific degree of candidate
of medical sciences. 2002. Scientific library of
theses and abstracts disserCat, URL: http://
www.dissercat.com/content/prognozirovanie-
techeniya-ostrogo-infarkta-miokarda-s-



980

10.

11.

12.

13.

14.

15.

16.

17.

18.

MIKHAYLOV etal., Biosci., Biotech. Res. Asia, Vol. 12(1), 975-981 (2015)

ispolzovaniem-pokazatelei-
gemodinamiki#ixzzZ3AM2VpgTT.

Wayne Little. Saliva: Your Spitting Image //
National institute of dental & craniafacial
research: Webseite.-1997.-October.22.

Aps and Martens. Review: The physiology of
sdlivaand transfer of drugsinto saliva. Forensic
ScL Int., 2005; 150(2-3): 119-31.

Toennes et al. Driving under the influence of
drugs — evaluation of analytical data of drugs
in oral fluid, serum and urine, and correlation
with impairment symptoms. Forensic ci. Int.,
2005; 152(2-3): 149-55.

Zevinetal, Drug Alcohol Depend., 2006; 60(1):
13-8.

Lamster et al. Beta-glucuronidase activity in
saliva: relationship to clinical periodontal
parameters. J. Periodontal, 2003; 74(3):353-9.
Yang et al. Detection of picomolar levels of
interleukin-8in human salivaby SPR. Lab. Chip.,
2005; 5(10): 1017-23.

Vasan, Circulation. Biomarkersof cardiovascular
disease: molecular basis and practical
considerations, 2006; 113(19):2335-2362.
Nogueira et al. Characterization of salivary
immunoglobulin A responsesin children heavily
exposed to the oral bacterium Streptococcus
mutans: influence of specific antigen recognition
in infection. Infect. Immun., 2005; 73(9):5675-
84.

Stroehleet al, J. Parasitol., 2005; 91(3):5.61-3.
Linset al. Detection of hepatitisC virusRNA in
salivaisnot related to oral health status or viral
load. J. Med. Viral, 2005;  (2) :216-20.
Suzuki et al. Quantitative detection of hepatitis
C virus (HCV) RNA in saliva and gingival
crevicular fluid of HCV-infected patients. J. Clin.
Microbiol, 2005; 43(9):4413-7.

Fox et al. Cytokine mRNA expression in labial
sdlivary glandsand cytokine secretionin parotid
saliva in §jogren’s syndrome. Adv. Exp. Med.
Biol, 1998; 438: 909-15.

Li et al. RNA profiling of cell-free salivausing
microarray technology. J. Dent. Res., 2004; 83(3):
199-203.

St John et al. Interleukin 6 and interleukin 8 as
potential biomarkers for oral cavity and
oropharyngeal squamous cell carcinoma. Arch.
Otolaryngol. Head Neck Surg., 2004;
130(8):929-35.

Stephan et al. Three new serum markers for
prostate cancer detection within a percent free
PSA-based artificial neural network. Prostate,
2006; 66(6): 651-659.

Kakorina E. Old ageis not the reason. Medical
Bulletin No. 8 (621). URL: http://

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

www.medvestnik.ru/articles/
starost_ne_prichina.

A. Armstrong et al., 1972; WHO MONICA
Project, 1994.

Ivanov, M.A., Mikhaylov, D.M., Starikovskiy,
A.V,, Stupin, V.A., Silina, E.V. Prediction and
early detection of diseases based on analysis of
human saliva composition using implantable
biosensor systems. Biology and Medicine, 2014,
6(3).

Human physiology. The tutorial. Ed. by
Pokrovsky C. M., Korotko G. F. - M.:Medicine,
1997 ISBN 5-225-02693-1 vol 2 p. 39.
Chiappin S, Antonelli G, Gatti R, De Palo EF.
Saliva specimen: a new laboratory tool for
diagnostic and basic investigation. Clin Chim
Acta 2007; 383(1-):30-40.

[1ae+e0eia E.A. I81aiIcediaaied 0&=&iey THodial
€i0ade0a i€iéadaa i efitéligiaaledl éagandéaé
aditaeiaiede é &810eie+-anées Tadaldodia édiae &
fiepi0. Aenfidsoaoey iafienéaied 6+ailé fodidie
faiaeaa0a 18458081Meed 1acé. 2002. [as+iay
aedeeindéa aennadoaceé e aanidadadaoia
disserCat, URL: http://www.dissercat.com/
content/prognozirovani e-techeniya-ostrogo-
infarkta-miokarda-s-ispol zovaniem-pokazatel el -
gemodinamiki#ixzzZ3AM2VpgTT.

Wayne Little. Saliva: Your Spitting Image //
National institute of dental & craniafacial
research:Webseite.-1997.-October.22.

Silina E.V., Stupin V.A. Prospects for early
diagnosis of acute cardiovascular events by
analysisof human saliva. International scientific-
practical conference “Medical science:
achievements and prospects’, proceedings of
participants of the international scientific-
practical conference “Medical science:
achievements and perspectives’, July 15, 2014
- M.: OO0 “MIA-MED”, 2014. - 330 p.: ill p
103-107.

Jingyi Liu, Yixiang Duan. Saliva - A potential
mediafor disease diagnostics and monitoring //
Oral Oncology, 2012; 48: 569-577. doi:10.1016/
j-oraloncology.2012.01.021

Alekseeva O. P. Clinical and biological aspects
of the function of the blood - celivar barrier in
acuteformsof ischemic heart disesse. Dis... Prof.
the honey.Sciences.- Nizhny Novgorod, 1992.-
309 p.

Arnoud Harmen L oof, Heerde Waander, Laurens
Van. Blood coagul ation status measurement in
saliva. Patent # WO 2011049442 A2. 28 Apr
2011.

Igarashi Kazuei; Namiki Shinjyuro; Yoshida
Madoka. Method of detecting cerebral stroke or
asymptomatic cerebral infarction using acrolein,



30.

31

32.

MIKHAYLOV etal., Biosci., Biotech. Res. Asia, Vol. 12(1), 975-981 (2015) 981

interleukin-6 and CRP contents, polyamine
oxidase activity or polyamine oxidase protein
content and subject’s age asindications. Patent
# EP 2163645 B1. 26 Sep 2012.

John T. Mcdevitt, Nicolaos Christodoulides, Jeff
Ebersole, Craig S. Miller, Pierre N. Floriano.
Cardibioindex/cardibioscore and utility of
salivary proteomein cardiovascular diagnostics.
Patent # CA 2697357 A1. 30 Oct 2008.

John T. Mcdevitt, Craig S. Miller, Jeffrey L.
Ebersole, Nicolaos Christodoulides, Pierre N.
Floriano. Methods and compositions for
diagnosis of acute myocardial infarction (ami).
Patent # US2012208715 (A1). 27 Jun 2012.
Joachim Struck, John GF Cleland. Prognosis of

33.

adverse events in patients with suspected
chronic heart failure. Patent # WO 2013153177
Al. 17 Oct 2013.

Zhukov 1. et al. Nano sensors integrated into
dental implantsfor detection of acute myocardial
infarction// International Journal of Emerging
Trends & Technology in Computer Science
(IJETTCY), 2012; 1(2).

Wasinger VC, Cordwell SJ, Cerpa-Poljak A, Yan
JX, Gooley AA, Wilkins MR, Duncan MW,
Harris R, Williams KL, Humphery-Smith I..
«Progress with gene-product mapping of the
Mollicutes: Mycoplasma genitalium».
Electrophoresis, 1995; 7(7), 1090-1094.



