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Abstract

In the presented work, the substantiation of the development of an innovative, universal, digital diagnostic complex of express 
Raman fluorescence diagnostics is given. The range and algorithm of its clinical application are presented, which provides a sano-
genic and pathogenetic approach to the objectivity and effectiveness of the assessment of human tissues and organs in normal and 
pathological conditions: diseases and processes of microbial and neoplastic nature (in clinical microbiology, dentistry, obstetrics and 
gynecology, The solution of these issues is based on the methodology of laser digital photometry and the basic requirements and 
principles of modern science and practice that provide controlled treatment of a specific disease in a particular patient.
Keywords: Laser Radiation; Laser Photometry; Mechanism of Biological Action of Laser Radiation; Raman Fluorescence Express 
Diagnostics; Hardware and Software Complex; Sulfur Substrates; Application Algorithm; Range of Clinical Application; Norm; Pathol-
ogy; Diseases and Processes of Microbial and Nonplastic Nature; Clinical Microbiology; Dentistry; Obstetrics and Gynecology; Oncol-
ogy; Gastroenterology; Pharmacology; Express Diagnostics "on Site"; Feedback; Prospects for Application

Introduction

At present, both experimental studies and clinical observations 
are being carried out to study the possibilities of using quantum 
electronics as sources of optical radiation (including low-intensi-
ty laser radiation) for the purposes of diagnosis, prevention and 
treatment of diseases. In general, the biological effect and clini-
cal effect of low-intensity laser radiation depends on the optical 
characteristics of tissues (reflection, transmittance, absorption 
coefficients), electrical, acoustic, biochemical, physicochemical, 
physico-mechanical properties of tissues (heat capacity, thermal 
conductivity, specific gravity, etc.), the functional state of the bio-
logical object (norm/pathology). As a result of the interaction of 
the above factors (after absorption In the irradiated tissues, the 
following physicochemical changes occur primarily: the emer-
gence of excited states of molecules, the formation of free radicals, 
stereochemical rearrangement of molecules, coagulation and elas-

tic oscillations of protein structures, changes in the electric field of 
the cell, changes in the chemism of the cell, etc. Some of them are 
associated with the activation of enzyme systems, in particular, suc-
cinate dehydrogenase, NAD-H2, NADP-H2, LPO, etc.

Laser radiation directly and mainly affects cell membranes, en-
zyme systems and the receptor apparatus of the body at various 
levels of its organization. Another part of the secondary effects due 
to the conversion of laser radiation in a biological object (BO) leads 
to the formation, for example, of acoustic and ultrasonic oscilla-
tions, soft ultraviolet and X-ray radiation, fluorescence, Rayleigh 
and Raman scattering, which leads, in turn, to an even greater in-
crease in secondary (local and general, specific and non-specific) 
biological effects and an increase in their diversity. In addition, 
both laser radiation itself and products resulting from primary and 
secondary effects have a pronounced effect on nerve endings and 
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indirectly on the nervous system as a whole. In addition to primary 
and secondary effects, nervous reflex and neurohumoral respons-
es occur in the body: the sympathoadrenal and immune systems 
(local and general, specific and non-specific factors) are activated, 
the concentration of adaptive hormones increases, thus a complex 
of adaptive and compensatory reactions arises in the whole organ-
ism, which are not aimed at restoring its homeostasis [1]. 

As a result, under the influence of laser irradiation, changes 
occur that are registered at all levels of the organization of living 
matter:

•	 Subcellular (absorption of the quantum of light by the pig-
ment BO, the emergence of excited states of molecules, the 
formation of free radicals, stereochemical rearrangement of 
molecules, coagulation of protein structures, etc., which, in 
case of positive destruction, leads to an increase in the rate 
of synthesis of protein, RNA, DNA, acceleration of maturation 
of collagen and its precursors, etc.);

•	 Cellular (change in the charge of the electric field of the cell, 
change in the membrane potential of the cell and its perme-
ability, increase in metabolic and, in particular, synthetic ac-
tivity, etc.);

•	 Tissue (change in the chemism and pH of the intercellular 
fluid, change in microcirculation, etc., change in oxygen bal-
ance and activation of redox processes);

•	 Organ (stimulation or inhibition of the function of an organ);
•	 Systemic (the occurrence of adaptive nervous reflex and neu-

rohumoral reactions with activation of the sympathoadrenal 
and immune systems);

•	 Restoration of metabolic and structural-functional homeo-
stasis of CO at all levels of its organization.

Depending on the specific combination of the influencing fac-
tors of laser exposure (irradiation parameters, metabolic and func-
tional state of the irradiated tissue and individual characteristics 
of the body), the resulting response of the whole organism can 
be expressed in the activation of its functions (with an adequate 
magnitude of exposure) or their inhibition (with an inappropri-
ately large magnitude of exposure), as well as in the absence of any 
significant changes (with an inappropriately small magnitude of 
exposure) local and general, specific and non-specific responses of 
a biological object depending on the level of its organization and its 
functional state (homeostasis).

At the same time, there is an objective possibility of registering 
the above-mentioned optical, metabolic and bioenergetic process-
es, MORPHOMETRIC AND FUNCTIONAL CHARACTERISTICS OF 
BIO as a means of diagnosis, which provides feedback in the treat-
ment of the patient on the principles of real time.

The use of laser radiation is especially relevant in modern clini-
cal practice, when it is necessary to carry out treatment and assess 
its effectiveness according to the modern principles of “diagnosis 
at the point of treatment”, which should objectively ensure both 
therapeutic and diagnostic use of laser radiation affecting a bio-
logical object. This is necessary in order to identify positive (nega-
tive) physiological and clinical effects, to ensure timely correction 
of negative effects of laser exposure on a living organism or the 
absence thereof. This methodology determines the necessity and 
validity of considering the general biological concept of interaction 
of laser radiation (LI) with biological warfare as a therapeutic and 
diagnostic one. 

Both primary and secondary effects, as well as functional chang-
es in biological warfare caused by them and the pathological pro-
cess, can be registered by modern technical means and used for the 
purposes of optometry of the course and assessment of the effec-
tiveness of treatment using exposed laser radiation and laser medi-
cal equipment and medical technology [1,7,11,12]. 

For example, microbiological monitoring of the state of the body 
using a laser-fluorescence complex of the “Spectrolux-MB” type 
seems to be a technological and intellectual means of indirect di-
agnosis of tuberculosis, i.e. without determining the species speci-
ficity of the pathogen, prompt mass screening of the population 
and dynamic monitoring of the correction process and selection of 
an effective drug treatment strategy based on an indirect sign - a 
change in the amplitude-spectral characteristics of plasma blood 
[2]. 

The development of LASER diagnostic technologies is raman 
fluorescence diagnostics.

The advantages of this new and promising technology for many 
branches of medicine are the compactness and portability of the 
equipment used, high resolution of about 1Å, sensitivity and re-
producibility of measurement methods, small measurement error, 
the possibility of using microvolumes of the studied material, the 
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absence of distortion of the captured signal and the influence of 
background light on the measurement results, the ability to nor-
malize the signal in real time. An important feature of this method 
is the ability to suppress the Rayleigh scattering signal by cutting it 
with an Edge filter [9].

Raman fluorescence spectroscopy methods and their techno-
logical and hardware implementation are playing an increasingly 
important role in biophysics, microbiology and medicine. At the 
same time, the tasks of identification and structural character-
ization of organic molecules, including monitoring of their struc-
tural changes, measurement of the concentrations of substances 
included in the sample, come to the fore. Laser spectroscopy is 
widely used to control processes in chemical industries, to analyze 
product quality in pharmacology and food industry, to detect coun-
terfeits, to detect narcotic and potent substances, and to analyze 
water pollution. Raman spectroscopy, which allows you to unam-
biguously recognize organic molecules by the spectra of inelastic 
light scattering, due to the excitation of a large number of differ-
ent specific vibrational and rotational modes, is the best suited for 
these purposes. Raman spectroscopy is one of the most accurate 
methods for analyzing organic substances [10,13,14]. 

Fluorescence and Raman radiation are used to diagnose the 
state of tissues and organs of biological organisms in normal and 
pathological conditions, namely in diseases and processes of mi-
crobial and neoplastic nature, as well as in other types of their pa-
thology [3-7]. 

An analogue of the claimed device is the “Raman spectrometer”, 
patent: US 7403281 B2. The patent describes a system, method and 
device for obtaining the Raman scattering spectrum of a sample. 
An integrated Raman spectrometer is available in one version. In 
another embodiment, a portable Raman scattering spectrometer 
is provided. There is a variant of a Raman scattering spectrometer 
comprising a collimating ray tube to transmit excitation radiation 
to external optical systems such as a microscope, telescope, or 
cameras. In the following embodiment, a method is used to correct 
the Raman scattering spectrum by subtracting the background in-
terference spectrum. In another embodiment of the spectrometer, 
a method is used to subtract the fluorescence spectrum from the 
Raman scattering spectrum.

The disadvantages of the device are the lack of a fluorescence 
signal in the scattered light spectrum, which carries part of the in-
formation about the data obtained; large dimensions; impossibility 
of use for medical purposes.

The prototype of the claimed device is “Raman and photolumi-
nescence spectroscopy”, patent: US 7362426 B1. The patent de-
scribes systems and methods for simultaneous Raman and photo-
luminescence spectroscopy. In the scattered light, the components 
of the Raman signal and the photoluminescence signal are isolated 
and separated. The first detector allows you to obtain a component 
of Raman scattering, and the second detector - photoluminescence.

The disadvantages of the device are its large dimensions and the 
impossibility of using it for medical purposes.

The medical and technical result achieved by using the de-
scribed device is the creation of a medical and biological diagnostic 
complex of a wide range of applications based on a highly sensi-
tive, small-sized, portable raman fluorescence spectrometer with 
the possibility of its autonomous power supply and containing 
special nozzles for the study of extra- and intracorporeal objects 
in liquid, solid and bulk states, as well as providing the possibility 
of research tissues and smear-prints by optical method with regis-
tration of their raman-fluorescence spectral characteristics using 
SERS substrates that amplify the signal of at least 10 6-1010 and 
a device in the form of a specialized camera that provides image 
visualization and a picture of the distribution of fluorescence over 
the area of the object. In this case, a single hardware and software 
technical solution is used.

The result is an increase in the sensitivity, specificity and ac-
curacy of the diagnostic complex, an expansion of the range of its 
medical application, miniaturization of the complex, its use as a 
portable and/or autonomous field hardware and software device. 
The complex provides the possibility of using it for the study of tis-
sues and organs in normal and pathological conditions, both in vivo 
and in vitro, both locally, i.e. pointwise, and in terms of the area of 
the object of study. These capabilities are determined, in general, 
by spectral and energy parameters and adequate dose-dependent 
biological effects under the influence of laser radiation on the ob-
ject under study, implemented at various levels of its organization.
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This result is achieved by the fact that the described raman-
fluorescence complex for diagnosing the state of human biologi-
cal tissues in health and in vitro pathology (Figure 1) includes: a 
laser with a laser filter (1); a system of mirrors and lenses (2); a 
system that collects signals emanating from the object of study and 
the object of normalization, and a cutting filter (3); a spectrom-
eter with a CCD camera, which provides feedback to the control of 
the laser and Raman scattering and fluorescence recording (4); a 
personal computer (5) on which special software is installed that 
implements algorithms for monitoring, diagnosing and correct-
ing the state of the subject and/or biological tissues of a person in 
health and pathology. Software processing, calibration, normaliza-
tion and scaling of the data obtained are carried out. Various types 
of attachments and modifications of the device are used. For in vivo 
analysis, a fiber-optic cable is used, for in vitro analysis, other dif-
ferent types of nozzles are used, and a microscope is used for im-
age imaging. For in vitro studies of microdoses of biological fluids 
and tissue smears, special silver nanostructured SERS substrates 
are used, on which the liquid phase of the biological object under 
study is applied using a micropipette. visualization of the image 
and the fluorescence distribution pattern, a specialized camera is 
used.

The declared medical complex for raman fluorescence diagnos-
tics of the state of human tissues in normal and pathological condi-
tions consists of two components that are structurally, functionally 
combined and containing a single program, namely the complex 
of in vivo raman-fluorescence diagnostics for biomedical research 
and the complex of in vitro raman fluorescence diagnostics for 
medical and biological research, whereby for the preliminary ex-
tra- and intracorporeal search for a pathological focus, infection, 
tumor or other pathology and the subsequent collection of materi-
al from it using traditional methods, in vivo diagnostic components 
are used, and in vitro studies – in vitro components Diagnostics. At 
the same time, the results obtained complement each other and 
increase the sensitivity of the hardware and software diagnostic 
solution. This is ensured, in particular, by the fact that the indica-
tors of in vitro studies on SERS substrates increase the sensitivity 
of diagnostics by 106 times or more, which makes it possible to 
detect the initial manifestations of pathology that are not available 
for in vivo studies - that is why we consider the proposed hard-
ware-software complex of raman-fluorescence diagnostics in the 
hardware-structural and software unity of the utility model.

Here are possible examples and options for the use of raman-
fluorescence diagnostic complexes in biomedical research, both in 
vivo and in vitro: For identification, indication and differentiation 
of microorganisms, as well as for determining the sensitivity of 
microbes to antimicrobial drugs and for monitoring blood plasma. 
These studies are carried out in vitro using SERS substrates on a 
raman fluorescence diagnostic complex in combination with a ver-
tical nozzle or microscope, as well as scanning on the surface of the 
sample under study during the measurement. Giant Raman scatter-
ing method on SERS substrates increase the detection sensitivity 
and specificity of identification of certain microorganisms, such as 
microorganisms that contain pigments or have Raman-active waste 
products, compared to other existing express methods (Figure 1, 
8, 9).

Figure 1: Comparison of spectra of Pseudomonas aeruginosa and 
Staphylococcus aureus.

These studies are carried out both in vitro and in vivo on the 
complex of raman fluorescence diagnostics. It is possible to com-
bine the RAMAN-fluorescence diagnostics complex with any of the 
included nozzles and with a microscope. In vivo research, a spec-
trometer with a fiber-optic cable is used when working with the 
object of study (Figure 2, 3).

For the diagnosis and study of tumor-like formations, both be-
nign and malignant, and healthy tissues in vivo and in vitro. These 
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Figure 2: Finding of Raman lines of hydroxyapatite, calcium 
apatite and fluorapatites in the chalk spot (this spot occurs with 

fluorosis) and in the enamel.

Figure 3: Decrease in the intensity of the Raman line of 
hydroxyapatites (963 cm-1) with the development of caries due to 

a decrease in the degree of tooth demineralization. 

studies are carried out both in vitro and in vivo on the complex of 
raman-fluorescence diagnostics. It is possible to combine the Ra-
man Fluorescence Diagnostic Complex with any of the included at-
tachments and with a microscope. By simultaneously measuring 
Raman scattering and fluorescence signal on a bulk piece of tissue 
under study and on a thin layer of the liquid phase of the tissue 
smear, the spectra of benign, malignant and healthy tissues are re-
corded on SERS substrates, the analysis of which reveals a number 
of characteristic differences. In vivo research, a spectrometer with 
a fiber-optic cable is used when working with the object of study 
(Figure 4.5).

For the diagnosis of drugs (Figure 6, 7).

Figure 4: Spectra of intact tissues. 

Figure 5: Spectra of cancer tissue.

Figure 6: Upper spectrum (red) – metamizole spectrum; lower 
(blue spectrum) – spectrum of Mildronate.
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Figure 7: Upper spectrum (blue) - Viagra spectrum, Lower 
spectrum (red) - No-Shpa spectrum.

These advantages are distinctive for a similar type of installa-
tions manufactured both in Russia and abroad, which makes the 
declared hardware and software complex of raman fluorescence in 
vivo and in vitro diagnostics a priority for today and in the coming 
years.

The availability and high sensitivity, small size and autonomy of 
the raman fluorescence diagnostics complex allows it to be used in 
wide clinical practice.

To date, the basic elements of portable raman fluorescence com-
plexes have been developed: low-noise CCD cameras operating at 
room temperature, high-power compact semiconductor and solid-
state lasers, ultra-cut-edge Raman filters that provide transmission 
of scattered laser radiation at the level of 10-6 at a shift of 100 cm-1 
from the laser line.

The complete set of portable raman fluorescence complexes 
with SERS-active substrates allows you to increase the amplitude 
of scattered light, and proportionally reduce the volume of ana-
lytes. Portable raman fluorescent complexes can already be used 
to identify microdoses (up to several dozen molecules) of organic 
substances. It is assumed that cheap SERS active substrates made 
on the basis of the new technology, in combination with a miniature 
and cheap Raman spectrometer, will soon be widely used in many 
areas of science and human life: 

•	 In medicine, for the diagnosis of infectious and non-infectious 
diseases in its various sections and branches - oncology, den-
tistry, gynecology, dermatology, immunology. For the study of 
various biological fluids of the body

•	 In biology and microbiology for the study of cultures of micro-
organisms, cells and tissues

•	 In physics, to study the basics of spectral analysis on the ex-
ample of Raman scattering and fluorescence, as well as ab-
sorption spectra. Use of optical methods for studying physical 
objects

•	 In nanotechnology for the study of all types of nanostructures
•	 In organic and inorganic chemistry, the study of the mecha-

nisms of reactions and characterization of synthesis products
•	 In materials science in the study of all types of inorganic and 

organic materials, including semiconductor elements
•	 In mineralogy in the study of precious stones and minerals
•	 In the course of forensic and customs examinations
•	 In the pharmaceutical industry, in the development and con-

trol of the production of tablet forms and creams 

Figure 8: Arrest of the microbe spectrum under the influence of 
an antimicrobial drug.

Figure 9: Decrease in the intensity of fluorescence of the 
gastrointestinal substrate against the background of taking 

antibiotics (dibacteriosis).
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•	 In industry for quality control of food, animal feed and crop 
products

•	 For environmental assessment of the environment, soils and 
water resources.

This makes it possible to objectively assess the patient’s reha-
bilitation process, the effectiveness of the choice of the preferred 
antimicrobial drug and its individual clinical efficacy almost in real 
time on the principle of feedback (“bedside diagnostics” - diagno-
sis at the place of treatment).

The use of raman fluorescence diagnostic complexes has signif-
icant advantages, is clinically expedient and can be recommended 
for the assessment of both pathogenetic and sanogenetic process-
es.

Thus, the proposed complex of raman-fluorescence diagnos-
tics is designed to measure, record and interpret Raman scatter-
ing spectra and/or photoluminescence spectra of biological fluids, 
skin, mucous membranes and tissues of the body (in vivo and in vi-
tro), to diagnose and treat a wide range of diseases and functional 
disorders of the human and animal body, as well as to analyze the 
contents of tablets. capsules, powders and liquids. In addition to 
the applications described above, this complex can be used to as-
sess the human environment.

In general, the proposed complex of raman-fluorescence diag-
nostics consists of a spectrometer with a diffraction grating, which 
has no moving parts, and a laser assembly rigidly connected to it. 
The spectral range of the complex covers the region of molecu-
lar vibrations of organic and inorganic substances, which makes 
it possible to measure the Raman and/or fluorescence spectrum 
of the object under study within a few seconds, to determine the 
spectral position and relative intensity of Raman and fluorescence 
spectral lines — a kind of “fingerprints” of the object under study, 
to search for and compare these “fingerprints” with the spectral 
database of known objects.

Express analysis does not require preliminary preparation or 
processing of the objects under study. Their identification can be 
made directly in closed containers, vessels, bottles, flasks and am-
poules with transparent or translucent walls.

The use of the raman fluorescence diagnostics complex does 
not require a special room, so the device can be used to control or-
ganic and inorganic substances both at the initial and final stages 

of production, and during transportation. The analysis results are 
processed using a convenient user program interface.

The operation of the raman fluorescence diagnostics complex 
is carried out using a personal computer (PC) via a USB port. The 
software of this device allows for qualitative and quantitative anal-
ysis of the obtained spectra.

The device consists of a laser radiation source, a spectrometer 
of the Czerny-Turner type [15], a system for collecting, filtering and 
analyzing scattered radiation. registration of amplitude and spec-
tral characteristics of scattered radiation. Access to the hardware of 
the raman fluorescence diagnostics complex and the data obtained 
is carried out through a built-in microcontroller with a USB inter-
face. The software allows not only to obtain the raman fluorescence 
spectra of various objects, but also to recognize them by comparing 
them with reference ones.

The following options for working with the raman-fluorescence 
diagnostics complex are possible (samples of installations are 
shown in photos 1a, b).

Without the use of SERS substrates

•	 For in vivo research, a complex of raman-fluorescence diag-
nostics with a fiber optic cable termination is used.

•	 For in vitro research, a complex of raman-fluorescence diag-
nostics is used with any types of nozzles and in combination 
with a microscope with a device for mounting a spectrometer.

Using SERS substrates
For the analysis of microdoses of the substances under study, 

specialized nano-structured SERS substrates on which micropi-
pettes a drop of the test substance is applied or a smear of biologi-
cal warfare is made. 

In combination with a nozzle for vertical mounting of the spec-
trometer.

In combination with a device for vertical mounting of the spec-
trometer. For this complex, in combination with a microscope, the 
optical scheme consists of a microscope module and a spectrum 
analyzer module, articulated using a beamsplitter module. For vi-
sual examination of the object, the standard mode of operation of 
the microscope using eyepieces and/or a video camera is used. The 
configuration of the device allows the use of any optical illumina-
tion scheme of the object both “for reflection” and “for transmis-
sion”.
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For some tasks, for example, when searching for cancer cells 
in a biological substrate or when analyzing blood plasma for the 
presence of microbes and viruses in it, it is planned to use scan-
ning xyz in the complex of raman fluorescence diagnostics - a 
movement that provides the recording of spectra from the studied 
sample along a given trajectory with a given step. The spectra of 

Figure 10: Expressiveness and efficiency of Raman-fluorescent technologies.

inelastic light scattering and fluorescence signal can be measured 
with a spatial resolution of 3 μm. It is in this size that it is possible 
to focus the laser beam on the object. Block diagram and algorithm 
of the study on the hardware and software complex of Raman-fluo-
rescence diagnostics is shown in Figure 11 and photos 1a, b. 

Thus, the proposed hardware and software complex for ra-
man fluorescence diagnostics will technically, technologically and 
methodologically allow (Figure 9, Photo 1b). With a high degree of 
sensitivity embedded in it with equipment and software, expres-
sively, online, objectively and reliably carry out the most important 

stage of the examination of patients with diseases and processes of 
microbial and neoplastic nature - diagnosis of the disease, monitor-
ing of its course and the rehabilitation process as a whole. In addi-
tion, the proposed medical technology makes it possible to identify 
drug support products and assess their effectiveness.

Photo 1a: Samples of laser medical devices for medical purposes and recorded spectra. 
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Figure 11: Structural diagram of the ramane-fluorescence complex for multifactorial monitoring and correction of human condition.

Photo 1b: Prospects for the application of Raman-fluorescence technologies.

Citation: Aleksandrov MT., et al. “Method and Device for Raman Fluorescence Diagnostics of the State of Human Tissues in Health and Pathology". Acta 
Scientific Microbiology 8.4 (2025): 49-58. 



58

Method and Device for Raman Fluorescence Diagnostics of the State of Human Tissues in Health and Pathology

Bibliography
1.	 Aleksandrov MT. “Laser Clinical Biophotometry (Theory, Ex-

periment, Practice)”. Moscow: Technosphere, (2008): 584.

2.	 Aleksandrov MT., et al. “Laser fluorescence diagnostics in 
medicine and biology (theory and application possibilities)”. 
SPC Spectrolux (2007): 272. 

3.	 MT Aleksandrov., et al. “Study of the spectral characteristics 
of the pelvic organs in women and their clinical significance”. 
Oncogynecology 3 (2013): 61-67.

4.	 Aleksandrov MT., et al. “Possibilities and prospects for the use 
of Raman fluorescence diagnostics in dentistry”. Russian Den-
tal Journal 1(2018).

5.	 Utyuzh AS., et al. “Clinical significance of spectral studies of 
the hygienic state of the oral cavity in patients with removable 
and fixed prosthetic structures”. Dissertation (2021): 145.

6.	 Aleksandrov MT. “Laser Raman-fluorescence medical technol-
ogies in dentistry from experiment to clinic”. Ed. Aleksandrov 
M.T. - Moscow: KnigIzdat, (2020): 38-4s.

7.	 Aleksandrov MT., et al. “Application of laser fluorescence to 
assess the hygienic state of the oral cavity”. Bulletin of the Rus-
sian Academy of Medical Sciences (2003): 39-44s.

8.	 Gevorkov G L. “Complex treatment of patients with phlegmons 
of the maxillofacial region on the basis of individual choice of 
an antimicrobial drug by express method on the laser appara-
tus “Fluol””. Dissertation for the degree of candidate of medi-
cal sciences. Moscow (2009): 126.

9.	 Thomas Huser. “Nanosensors using Surface-Enhanced Raman 
Scattering (SERS)”. Center for Biophotonics Science and Tech-
nology, EAD289 (2007).

10.	 K Kneipp., et al. “Surface enhanced Raman scattering and 
biophysics”. Journal of Physics: Condensed Matter 14 (2002): 
R597-R624.

11.	 Loschenov VB., et al. “Photodynamic Therapy and Fluores-
cence Diagnostics”. Laser Physics 10.6 (2000): 1188-1207.

12.	 DS Shcherbo., et al. “Near-infrared fluorescent proteins”. Na-
ture Methods (2010).

13.	 R Sheng., et al. Analytical Chemistry 63 (1991): 437.

14.	 J Thornton and R Force. Applied Spectroscopy 45 (1991): 1522.

15.	 http://mrl.illinois.edu/sites/default/files/AMC/downloads/
PrincetonInstruments_SCT-Spectrograph.pdf

Citation: Aleksandrov MT., et al. “Method and Device for Raman Fluorescence Diagnostics of the State of Human Tissues in Health and Pathology". Acta 
Scientific Microbiology 8.4 (2025): 49-58. 

https://iopscience.iop.org/article/10.1088/0953-8984/14/18/202
https://iopscience.iop.org/article/10.1088/0953-8984/14/18/202
https://iopscience.iop.org/article/10.1088/0953-8984/14/18/202
http://www.biospec.ru/old/2/LasPhys6_00Loshenov.pdf
http://www.biospec.ru/old/2/LasPhys6_00Loshenov.pdf
http://mrl.illinois.edu/sites/default/files/AMC/downloads/PrincetonInstruments_SCT-Spectrograph.pdf
http://mrl.illinois.edu/sites/default/files/AMC/downloads/PrincetonInstruments_SCT-Spectrograph.pdf

