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ABSTRACT  

Optoacoustic imaging is increasingly attracting the attention of the biomedical research community due to its excellent 

spatial and temporal resolution, centimeter scale penetration into living tissues, versatile endogenous and exogenous 

optical absorption contrast. State-of-the-art implementations of multi-spectral optoacoustic tomography (MSOT) are 

based on multi-wavelength excitation of tissues to visualize specific molecules within opaque tissues. As a result, the 

technology can noninvasively deliver structural, functional, metabolic, and molecular information from living tissues.  

The talk covers most recent advances pertaining ultrafast imaging instrumentation, multi-modal combinations with other 

ultrasound and optical imaging methods, intelligent reconstruction algorithms as well as smart optoacoustic contrast and 

sensing approaches. Our current efforts are also geared toward exploring potential of the technique in studying multi-

scale dynamics of the brain and heart, monitoring of therapies, fast tracking of cells and targeted molecular imaging 

applications. MSOT further allows for a handheld operation thus offers new level of precision for clinical diagnostics of 

patients in a number of indications, such as breast and skin lesions, inflammatory diseases and cardiovascular 

diagnostics. 
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ABSTRACT  

The generation of stimulated coherent electromagnetic radiation close to terahertz begins with the pioneering work of 

Nobel laureates N.Basov and A.Prokhorov [1]. The observed last years the growth of  number of methods and devises for 

generation terahertz (THz) radiation and improvement of their performance are essential for the progress of THz science 

and technology [1]. In the recent years THz radiation below 3 THz realized with a reasonably high efficiency in the range 

of widegap solid crystals, including molecular based materials [3] under the irradiation of femtosecond near-IR laser 

pulses. Typical for such sources is a single-cycle THz splash at the very beginning of generated pulse, and the prolonged 

oscillation radiation, the frequency of which corresponds to the frequency of a Raman and IR  active modes in the 

samples. While the splash accounted for in terms of the optical rectification of pump radiation, the prolonged oscillation 

attributed to the dipole emission by coherent phonons generated in an optically transparent solid medium when a 

sufficiently short laser pulse passes through the phenomenon was called the impulsive stimulated Raman scattering 

(ISRS)). Their THz radiation is possible because the correspondent phonon modes are both Raman and IR active. 

 

THE DISCUSSION OF THE SUBJECT OF THE LECTURE   

The present lecture studies narrow-band terahertz (THz) emission stimulated by femtosecond laser pulse in molecular 

crystal guanylurea hydrogen phosphite (GUHP). We demonstrate that this emission is closely connected with the 

excitement of high-quality phonon oscillations in the crystal, which is proved by the temperature dynamics of the spectra 

and DFT calculations. For the purposes of studying the origin of this stimulated THz emission and creation of the 

adequate model of the phenomenon, we analyzed the polarization sensitive spectra of spontaneous Raman scattering and 

THz transmission spectra while considering their polarization features in relation to crystallographic axes of GUHP 

crystal. In this paper we show that molecular crystals provide an effective means to convert vis-NIR laser light regardless 

of wavelength into the THz frequency range. This approach can lead to the creation of “laser-like” source with the 

desired THz frequency for a range of medical, scientific, and technological applications. 

An important part of the present lecture is discussion of the possible application of the sources described above for the 

purposes of molecular sensory. Problems of detecting of molecules of biological importance, including pathogenic 

substances is well known. To increase the reliability and selectivity of the molecular detection, we use sensors based on 

metamaterials. A distinctive feature of the devices we are discussing in the lecture is that we are considering the 

possibility of frequency tuning of their selectivity through the use of phase-changing materials [4]. The phenomenon of 

phase change transition has been a fascinating research subject over decades due to a possibility of dynamically 

controlled materials properties, allowing the creation of optical devices with unique features. The present lecture unravels 

the optical characteristics and terahertz (THz) dielectric permittivity of a novel phase change material (PCM), GeTe2, 

prepared by pulsed laser deposition (PLD) and their remarkable contrast in crystalline and amorphous states, in 

particular, a difference of 7 orders of magnitude in conductivity. The THz spectra were analyzed using the harmonic 

oscillator and Drude term. Using GeTe2 PLD films, we designed and prepared a THz metasurface in the form of periodic 

structure and revealed a possibility of tuning the THz resonance either by a thermal control or light-induced 

crystallization response, thus achieving the dynamic and tunable functionality of the metastructure.  

 

 

REFERENCES 

[1] N. G. Basov and  A.M. Prokhorov, Soviet Physics JETP, 3, 426-429,1956.    
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 ABSTRACT 

 
Motile cilia are highly dynamic, hair-like structures that cover the epithelial surfaces in diverse 
organs. When the coordinated beating of cilia is disrupted, it leads to the emergence of motile 
ciliopathies, which are associated with severe clinical complications, including reproductive 
disorders. The coordinated ciliary beating generates metachronal waves, which propagate along 
the epithelial surface, facilitating the transport of fluids and mucus. Despite the well-recognized 
clinical significance of cilia, comprehensive investigations into their dynamics have been limited, 
impeding a thorough understanding of their functional intricacies and potential dysfunctions. 
Addressing this critical knowledge gap, we developed a quantitative imaging technique, leveraging 
dynamic optical coherence tomography (OCT) to volumetrically visualize cilia metachronal waves 
through tissue layers. Our methodology is based on precise spatiotemporal mapping of the 
frequency and the phase of intensity fluctuations in OCT images, arising from the rhythmic ciliary 
beating. This approach was validated across temperatures implemented in vivo resulting in 
captivating visualizations of cilia metachronal wave propagation within the mouse fallopian tube 
through the wall. This method can be extended to the assessments of physiological cilia function 
and ciliary dyskinesias across diverse organ systems. 
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ABSTRACT  

The present work demonstrates the changes in luminescence intensity of upconversion nanoparticles (UCNPs) at 

different conditions. The luminescence spectra of the UCNPs were measured through 0.76±0.18 mm of skin 

(healthy and pathological tissue) at room and physiological temperatures. Heating and application of optical 

clearing agents significantly improved the intensity of UCNP fluorescence. UCNPs are promising alternatives to 

traditional fluorescent labels for cell imaging and have outstanding potential in biological and clinical 

applications.  

Cancer is one of many diseases characterised by the development of abnormal cells that divide uncontrollably and have 

the ability to invade and destroy normal body tissue. It is therefore important to develop methods for diagnosing cancer at 

an early stage and then visualising the tumour. 

The work was carried out on skin samples from control and experimental groups of laboratory animals. The experimental 

study was conducted at the Centre of Collective Use of the Saratov State Medical University (Russia). For the control 

group of 12 male and for the experimental group of 12 male white laboratory rats of the Wistar strain, weighing 300 ± 50 

g, 0.5 ml of 25% tumour suspension in Hanks' solution of the RS-1 strain of alveolar liver cancer was implanted 

subcutaneously in the area of the scapula. In the experimental group of rats, the experiment was started when the tumours 

reached a volume of 1 cm
3
. 

The skin sample was placed in a cuvette filled with an agent. The cuvette was placed in a box that was kept at a fixed 

temperature. Spectral measurements were also made to avoid noise from lighting. The two groups of animals were 

divided into four subgroups of 3 animals each. The first and second groups: a glycerol solution was applied to skin 

samples at room temperature and physiological temperature, respectively. The third and fourth group: a propylene glycol 

solution was applied to skin samples at room temperature and physiological temperature, respectively.  

We used the home-made synthesised UCNPs NaYF4: Yb
3+

, Er
3+

 (fluoride matrix doped with ytterbium and erbium ions) 

coated with SiO2. The UCNPs (approximately 220 nm in size) were synthesised by hydrothermal method [1].  

Skin samples were taken from two areas: healthy skin (normal) and skin overlying the tumour (pathology). Skin samples 

measuring 1x1 cm were placed in a Petri dish with the epidermis facing down. To prevent the sample from floating up, a 

metal disc with a hole diameter of 8 mm was placed on the surface. The luminescence was recorded through this hole. 

The luminescence was collected by a collimator with a diameter of 5 mm placed at an angle of 150 to the vertical at a 

distance of 20 cm from the sample. This allowed registration in the mode of collimated transmission of luminescence 

through the sample. The UCNPs were placed under a Petri dish. The collimated radiation that excited the luminescence 

was directed at the UCNPs from below along the vertical. 

The luminescence was recorded at 2 minute intervals from the moment the clearing agent was poured into the Petri dish. 

The exponential approximation showed that the dynamics of the clearing depended only on the skin type (Table 1). The 

most likely mechanism of clearing at this stage is the diffusion of water from the skin, stimulated by the osmotic action 

of the clearing agent. The rate of water diffusion depends primarily on the structure of the skin, which is different in 

normal and pathological conditions, which explains its independence from the type of clearing agent. 

 
Table 1: Indicators of the exponent approximating the dynamics of rat skin clearing 

OCA Norma Pathology 

Glycerol 100% 20±2 min
-1

 39±8 min
-1

 

Propylene glycol 100% 19±3 min
-1

 38±4 min
-1

 
 

 

The study was supported by a grant Russian Science Foundation No. 21-72-10057, https://rscf.ru/project/21-72-10057/. 
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ABSTRACT 

 

In modern world practice, promising diagnostic methods are emerging, such as "optical biopsy" [1] and "liquid biopsy" 

[2], which are used for specific diseases biomarkers detection in biological tissues and fluids. Optical methods have the 

potential to overcome the limitations of traditional methods of clinical analysis. One of the most promising methods of 

optical analysis (and optical biopsy) is a Raman spectroscopy, which can contribute to understanding of molecular basis 

of diseases and creation of new bioanalytical tools for the diagnosis of diseases. Since each type of biological tissue and 

biofluid has an individual molecular composition and, thus, a unique spectral profile resulting from the transition of a 

molecule from one vibrational-rotational state to another, a set of such individual states of functional groups of nucleic 

acids, proteins, lipids and carbohydrates makes it possible to characterize component composition of tissues, which 

ultimately makes it possible to isolate disease markers [3]. Along with the use of optical biopsy methods, it is possible to 

apply a supersensitive technique for analyzing biofluids based on surface-enhanced Raman spectroscopy, which will be 

most effective for detecting low concentrations of disease markers in biological fluids. In the last decade, the 

development of nanotechnology has led to the creation of promising tools for solving new problems in the study of 

various human diseases, which is especially important for effective and targeted treatment and a deeper fundamental 

understanding of the biochemistry of diseases [2]. 

In this study we demonstrate application of conventional Raman spectroscopy for the analysis of skin tissues and 

application of SERS for serum analysis to determine the presence of non-communicable diseases. In this study, the in 

vitro analysis of human serum was performed for more than 400 subjects, and more than 300 skin samples were analyzed 

in vivo for the detection of chronic heart failure (CHF), chronic heart failure and other non-communicable diseases. 

Analyzed groups separation based on deep learning was implemented using a separate one-dimensional convolutional 

neural network (CNN). Application of Raman spectroscopy to investigate the forearm skin has yielded the accuracy of 

0.96, sensitivity of 0.94 and specificity of 0.99 in terms of identifying the target subjects with kidney failure. When 

classifying subjects by the presence of kidney failure using the PLS-DA method, the most informative Raman spectral 

bands are 1315 to 1330, 1450 to 1460, 1700 to 1800 cm−1. The performed study demonstrates that for in vivo skin 

analysis, the conventional Raman spectroscopy can provide the basis for cost-effective and accurate detection of CHF 

and associated metabolic changes in the skin. 

The results of the SERS data for CHF demonstrates that CNN significantly outperforms standard methods of analysis as 

projection on latent structures and allows for detection of CHF with 95-100% accuracy. By means of multivariate 

analysis, the informative spectral bands associated with the CHF during disease progression were identified. In addition, 

the analysis of the correlation between the serum spectral characteristics and urea, creatinine has made it possible to 

determine the spectral bands correlated with levels of creatinine and urea into the complex spectral characteristics of 

serum. In general, the reported approach may form the basis for monitoring the health status of CHF patients and find 

application in studying other pathological conditions of the human body [3]. Raman-based optical and liquid biopsy may 

be promising in non-communicable diseases identification, as it provides fast and rapid diagnosis. 

REFERENCES  

[1] I. Bratchenko, et al. Optical biopsy of amelanotic melanoma with Raman and autofluorescence spectra stimulated by 785 nm laser 

excitation, Journal of Biomedical Photonics & Engineering, 7, 020308, 2021. 

[2] L.A. Bratchenko, et al. Analyzing the serum of hemodialysis patients with end-stage chronic kidney disease by means of the 

combination of SERS and machine learning, Biomedical Optics Express, 13, 4926-4938, 2022. 

[3] I.A. Bratchenko, et al. Classification of skin cancer using convolutional neural networks analysis of Raman spectra, Computer 

Methods and Programs in Biomedicine, 219, 106755, 2022. 
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ABSTRACT  

The World Health Organization and the health departments of governments of all countries have listed tackling cancer as 

a top priority [1]. The main problem is late diagnosis, when the prognosis for a cure is unfavorable. Gliomas are one of 

the most grievous malignant central nervous system tumors, and have a high mortality rate with a low survival rate, with 

severe disability and increased risk of recurrence [2]. THz technologies are already being used in intraoperative diagnosis 

of brain tumors [3-5]. However, they cannot be used for non-invasive and early diagnosis. The molecular composition of 

body fluids changes significantly with the tumor appearance and development, which can be a good diagnostic criterion 

for early cancer diagnosis [6]. 

In this work, we performed a comparative study of the blood plasma of glioma patients and patients with skull 

craniectomy defects (SCD), as well as healthy donors, using terahertz time-domain spectroscopy (THz-TDS). The blood 

plasma samples of glioma patients before and after tumor removal surgery were also examined.  

The human blood plasma was studied by THz time-domain spectrometer T-Spec 800 Teravil using the special cuvettes 

pre-printed on a 3D printer [7]. An analysis of experimental THz data was performed by machine learning (ML) methods 

detailed in [7-9].  

It was shown that Random Forest, and Extreme Gradient Boosting provided a better differentiation of the group of 

patients with glioma from healthy donors and patients with SCD (AUC = 0.81–0.84). The major challenge is the non-

invasive control of the effectiveness of the tumor removal surgery [10]. It was shown that THz spectroscopy combined 

with ML makes it possible to separate with high accuracy the blood plasma of glioma patients before and after tumor 

removal surgery (AUC = 0.92). The most informative frequencies were 0.56 and 1.2 THz. These THz frequencies 

coincided with informative frequencies obtained in an experimental mouse model of human glioblastoma [7]. Thus, the 

applicability of THz spectroscopy for the diagnosis of glioma and treatment monitoring has been shown. 

 

This research was funded by the Ministry of Science and Higher Education of the Russian Federation: project No. 

121032400052-6. This work was performed partly within the State Assignment of FSRC “Crystallography and 

Photonics” RAS. This work has been supported by the Interdisciplinary Scientific and Educational School of Moscow 

University «Photonic and Quantum Technologies. Digital Medicine» for part of the results analysis. The research was 

carried out with the support of a grant under the Decree of the Government of the Russian Federation No. 220 of 9 April 

2010 (Agreement No. 075-15-2021-615 of 4 June 2021) for part of machine learning. 
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ABSTRACT 

In recent years many achievements have been made to adapt optical microscopy to the increasing demands in 3D 

resolution, super-resolution and low levels of phototoxicity. Some systems have been commercialized, e.g. 

modern confocal or light sheet systems for 3D microscopy or innovative setups for Stimulated Emission 

Depletion (STED) or Structured Illumination (SIM) microscopy. However, often those complex systems are not 

available or not appropriate, e.g. if various techniques have to be combined. Then specific microscope modules 

or add-ons  including our recent developments  are required:  

- a light sheet module to add 3D resolution to conventional fluorescence microscopy under non-phototoxic 

conditions;
1
 

- a setup for micro-axial tomography to observe specimens from various sides and to achieve an improved 

isotropic resolution;
2
 

- a device for variable-angle Total Internal Reflection Fluorescence (TIRF) Microscopy to measure cell-substrate 

topology in the nanometer range to assess various cell metabolisms or the impact of pharmaceutic agents;
3
 

- a structured illumination microscope (SIM), which is combined with TIRF Microscopy to achieve a 

combination of lateral and axial super-resolution;
4
 

- adaptation of spectral as well as fluorescence lifetime equipment for Förster Resonance Energy Transfer 

(FRET) experiments;
5
 

- components for laser micromanipulation, e.g. in optical tweezers or optoporation systems.
6
 

Some technical solutions are explained and recent applications in live cell imaging are summarized. 
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ABSTRACT 

We studied the light propagation in biological tissue using analytical and numerical solutions of the radiative transfer 

equation (RTE). Analytical solutions of the RTE were derived for a series of geometries, e.g., for layered media. Both, 

solutions of elastically scattered light as well as luminescent light were found. Efficient numerical solutions of the RTE 

for, in principle, arbitrary complex geometries and polarized light were implemented using the Monte Carlo method. In 

order to perform realistic simulations, well characterized optical properties of the investigated tissues have to be 

determined. 

Different devices for determination of the optical properties of scattering media were setup and validated with liquid and 

solid scattering phantoms applying the numerical and analytical solutions of the radiative transfer equation. The optical 

properties of a variety of biological tissue were determined ex vivo and in vivo spectrally resolved in the visible and 

near-infrared wavelength range.  

For example, an integrating sphere setup was built using a halogen lamp as source and two spectrometers as detectors 

enabling the determination of the total reflected and total transmitted light from 400 nm to 1600 nm. The integrating 

sphere was fabricated using a 3D printer and coated with BaSO4 (Gigahertz-Optik GmbH, Germany). For the retrieval of 

the spectrally resolved effective scattering and absorption coefficients the Monte Carlo method was used considering the 

geometrical parameters of the illumination, the sphere including its apertures, the light propagation in the sphere and that 

in the scattering medium [1]. 

For in vivo measurements a multi-spectral setup in the spatially frequency domain using nine LEDs between 400 and 

1000 nm as light source was built, compare figure 1. In addition, a hyperspectral device applying a halogen lamp as light 

source was setup, which in combination with a pushbroom imager allowed hyperspectral measurements again between 

400 and 1000 nm, but now with a resolution of about 3 nm. The spatial frequency was changeable between 0.08 and 1 

mm
-1

. For evaluation analytical solutions of the RTE were used [2]. 

The determined optical properties and the implemented solutions of the RTE were used for a variety of applications. 

 

                                    

  

 

 

 

 

Figure 1: Three-dimensional topography and absorption coefficient of a human wrist obtained by measurements in the 

spatial frequency domain and by applying analytical solutions of the RTE. 
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ABSTRACT  

Biological tissues contain various chromophores, each of which presents a characteristic absorption spectrum. For a 

particular tissue, its absorption spectrum, as obtained from measurements, is a weighted sum of the individual absorption 

spectra of the chromophores in the tissue [1]. When the absorption spectra of the chromophores are available, such weighted 

sum can be made to reconstruct the spectral absorption coefficient of the tissue. The weights used in such reconstruction 

provide information about the concentrations of each chromophore in the tissue [2].  

In the present work, and with the objective of acquiring diagnostic information, the experimental absorption spectra of 

human kidney tissues, both in normal and in chromophobe renal cell carcinoma (CRCC) states [3], were used to perform 

a reconstruction from the absorption spectra of various biological chromophores. Such reconstruction was made for both 

kidney tissues through the least-square method, using two approaches. In the first approach, a single weight was determined 

for each chromophore after optimizing the reconstructed spectra. In the second approach, wavelength-dependent weights 

were estimated for each chromophore in a way that the reconstructed spectra would match the experimental absorption 

coefficient spectra of both kidney tissues. The single weights obtained in the first approach show that the CRCC kidney 

contains less melanin, more blood, more water and more lipofuscin than the healthy kidney, as previously demonstrated 

by direct calculations [3]. The spectral weights that were estimated for each chromophore with the second approach were 

used in a further calculation where the spectra obtained for the CRCC kidney were subtracted by the corresponding spectra 

obtained for the healthy kidney. Such difference spectra did not produce concluding information regarding the contents of 

the pigments, such as melanin and lipofuscin, but it showed a higher content of water, DNA/RNA and blood in the diseased 

kidney, as described in literature [3,4]. 

The results obtained with both approaches seem to be complimentary and further studies with other tissues need to be 

performed to validate such approach for the retrieval of diagnostic information. 

 

VVT was supported by the Ministry of Science and Higher Education of Russian Federation within the framework of a 

state assignment (project No. FSRR-2023-0007). 
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One of the current issues in emergency surgery is the assessment of the functional state of the liver at different stages of 

treatment of obstructive jaundice syndrome using simple and objective techniques. The primary goal in the treatment of 

patients with diseases complicated by obstructive jaundice is to decompress the biliary system. Minimally invasive 

procedures provide access to the liver tissue, allowing a single optical biopsy of the liver parenchyma when drainage 

systems are installed and subsequent study of bile in dynamics as a direct product of hepatocyte secretion. The methods 

used in this work included fluorescence spectroscopy, which is highly sensitive to metabolic changes in tissues [1], and 

Raman spectroscopy, which provides information on the chemical composition of biological tissues and fluids [2]. 

The aim of this work was to study the effect of the degree of liver failure on the optical properties of the parenchyma in 

vivo using the fluorescence spectroscopy and on the optical properties of the bile in vitro using the Raman spectroscopy.  

The study included 20 patients with obstructive jaundice and 11 patients without obstructive jaundice as a comparison 

group. The latter group of patients has been previously studied in fine needle biopsy of liver neoplasms [1]. The 

fluorescence spectra were recorded with a fine needle probe and subjected to deconvolution analysis to assess the 

contribution of the major tissue fluorophores. In the first group of patients with obstructive jaundice, bile samples were 

collected through a drainage catheter to study Raman spectra dynamically (every 3-4 days). The typical spectral bands for 

bilirubin in the Raman spectra (1258-1264 cm
-1

 and 1615-1620 cm
-1

) were analyzed after post-processing. 

The results of fluorescence spectroscopy showed a statistically significant increase in the contribution of curves reflecting 

the fluorescence of NAD(P)H, bilirubin, flavins, and vitamin A in the group of patients with obstructive jaundice. These 

parameters may be used for further studies as promising diagnostic and prognostic markers for the development of liver 

failure. We also demonstrated that the detection of changes in bilirubin concentration in bile secreted through the 

drainage catheter by Raman spectral bands allows one to predict the dynamics of recovery in patients with obstructive 

jaundice syndrome after antegrade biliary decompression.  

The studies conducted by fluorescence and Raman spectroscopy have shown that optical spectroscopy offers great 

opportunities for evaluating liver function in patients with obstructive jaundice syndrome. The results can be used by 

surgeons in clinical practice to adjust treatment algorithms. 

The study was supported by the Russian Science Foundation grant № 23-25-00487, https://rscf.ru/project/23-25-00487/. 

[1] V. Dremin et al, Sci. Rep. 10, 14200, 2020. 

[2] K. Kong et al, Adv. Drug Deliv. Rev. 89, 121–134, 2015. 
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ABSTRACT 

Microstructured hollow-core optical waveguides (HC-MOW) have recently emerged among optical sensors[1]. Their 

applications include the detection and analysis of liquids and gases in industrial and clinical applications. Anti-resonant 

HC-MOW[2] have a quasi-sinusoidal transmission spectrum with minima positions affected by inner wall thickness and 

refractive indices of the cavity and walls, that allows the measurement of layer deposition on the inner walls or the 

refractive index of an introduced liquid analyte[3]. Furthermore, the long optical pathway of analyte-light interaction 

provided by HC-MOW leads to improved signal amplitude for Raman spectroscopy[4].  

In this talk, we demonstrate different combinations of sensing modalities in HC-MOW: SERS sensing accompanied with 

layer deposition control while providing a SERS substrate[4]; 2-in-1 sensing of refractive index and Raman scattering for 

characterization of complex liquid analytes[5]. 

For implementation of SERS sensing with layer deposition control[4], we employed the layer-by-layer assembly 

technique for a straightforward functionalization of waveguide capillaries. Gold nanoparticles with an average diameter 

of 8 nm were introduced into the hollow core, followed by UV-induced reduction of chloroauric acid. A simple, swift 

analytical approach to monitor each phase of the SERS platform construction was realized by detecting spectral shifts in 

the optical transmission of HC-MOWs. The application of this SERS platform led to an enhanced Raman signal of 

Rhodamine 6G, that was used as a model analyte. 

In the study about 2-in-1 sensing[5], we analyzed refractive index and Raman scattering of dispersive systems, namely 

nanosized copolymer protein complexes of bovine serum albumin (BSA) and a vinylpyrrolidone-acrylic acid (P(VP-

AA)) polymer, and the corresponding air-filled microbubbles (MB) [6].  

Thus, different ways of using HC-MOW for sensing in combinations of modalities are described, highlighting its 

perspectives for characterization of liquid analytes. 

This work was supported by the Russian Science Foundation: Grant No. 21-73-10254 for synthesis of colloidal systems 

and Grant No. 23-79-00056 for microfluidics.  
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ABSTRACT  

Label-free and nondestructive mid-infrared (MIR) vibrational hyperspectral imaging has gained significance as a valuable 

tool for analyzing biomedical tissue. Several studies have demonstrated the potential of MIRSI in diagnosing various 

diseases [1,2]. However, the complex chemical composition and heterogeneous nature of tissue specimens along with the 

weak interaction of infrared light with biomolecules, pose limitations on the analytical performance of traditional MIR 

spectral histopathology. Here, we introduce an advanced MIR spectrochemical tissue imaging technique that utilizes 

plasmonic metasurfaces to enable the capture of quantitative molecular maps of large-area brain tissue sections. The 

proposed surface-enhanced chemical imaging method using plasmonic metasurfaces has great potential for translational 

biomedical research and diagnostic clinical histopathology. 

In this research [3], a plasmonic metasurface-enhanced MIR 

spectral imaging (SE-MIRSI) method is introduced as an advanced 

label-free chemical tissue-imaging technique. The study 

demonstrates MIR spectroscopy of murine brain tissue sections by 

examining nanoscale thicknesses over large areas using engineered 

photonic substrates and a hyperspectral imaging microscope with 

illumination from four tunable quantum cascade lasers (QCLs) 

(Fig.1). To enable multiplexed molecular fingerprint analysis, 

polarization-tunable multi-resonant plasmonic metasurfaces are 

developed, enhancing light-matter interactions in sub-wavelength 

volumes within the target fingerprint spectral range of 950-1800 

cm-1. The research reveals the influence of tissue morphology on 

quantitative chemical analysis by comparing absorbance from 

various vibrational bands obtained from brain tissue sections of 

different thicknesses. It is shown that SE-MIRSI is not affected by 

the bulk morphological properties of complex tissue samples since 

the absorption occurs in plasmonic hotspots, which are nanoscale 

volumes with strong electric field intensity enhancement. 

Moreover, SE-MIRSI can detect fine spectral details corresponding 

to protein backbone structures and other important biomolecules 

such as glycogen, nucleic acids, proteins, and lipids. The study also 

demonstrates the capability of SE-MIRSI to analyze ultrathin brain 

tissue regions that are not detectable using standard substrates, 

highlighting the high analytical sensitivity of the approach. By 

decoupling chemical and morphological properties, this method 

addresses the quantitative analysis limitations of infrared 

absorption spectroscopy and enables highly sensitive and 

chemically selective analysis of complex and heterogeneous 

biosamples. The versatility of the proposed chemical imaging 

method makes it applicable to the study of various tissue types, with 

potential implications in fundamental research and clinical 

histopathology.  
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Figure 1: Surface-enhanced mid-infrared spectral 

imaging of tissues (SE-MIRSI). a, Schematic of the 

tunable quantum cascade laser (QCL)-based mid-IR 

spectral imaging system. Hyperspectral datacubes are 

acquired using a microbolometer focal-plane detector 

array while sweeping the illumination wavenumber 

across the mid-IR fingerprint spectral range of 950 to 

1,800 cm-1. b, Photographs, SEM images show a  

fabricated plasmonic metasurface chip. Simulation 

generated images show the E-field enhancement pattern 

in a unit cell for orthogonal polarizations. c, MIRSI and 

SE-MIRSI of murine brain tissue section at different 

wavenumbers corresponding to absorption bands of 

functional groups present in endogenous biomolecules 

such as glycogens, nucleic acids, proteins, and lipids. 
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Exploring the potential of multiphoton patterning 

Peter T. C. So 

The use of structured light for microscopic imaging has nearly a century long history. Recent important 

applications include attaining resolution beyond diffraction limit and imaging structures at a selective 

depth. We have recently developed De-scattering with Excitation Patterning or "DEEP,” an extension of 

TRAFFIX approach developed by Dholakia group. DEEP allows high throughput depth selective wide-field 

multiphoton imaging in tissues without suffering from blurring due to the scattering of emission 

photons. Importantly, the combination of DEEP with modern computational approaches offers even 

faster imaging opportunities for specimens that can be sampled compressively. We are exploring 

extensions of this approach along several directions including to simultaneously reconstruct 3D volumes 

and to combine lifetime imaging to increase information content. In both cases, the extension to a 

higher dimensional measurement space allows better utilization of the inherent sparsity in many 

samples allowing for even higher efficiency. An application of these approaches is the in vivo mapping of 

neuronal connectivity.  
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ABSTRACT  

The effect of laser plasmon resonance photothermal therapy (PPT) is based on the accumulation of plasmon resonance 

nanoparticles in tumor tissues and their local heating by laser irradiation with the appropriate wavelength [1]. However, 

the efficacy of the treatment can be not enough. Insufficient accumulation of nanoparticles in the tumor leads to a low 

heating temperature and continued tumor growth. At the same time, an overdose of nanoparticles leads to a strong 

attenuation of light in the upper layers of tissues and a decrease in the depth of light penetration. Overcoming the 

disadvantages and limitations of PPT monotherapy is possible by using a combined approach, including photodynamic 

therapy (PDT) and optical clearing (OC) [2,3].  

In this study, a cholangiocarcinoma cell culture was transplanted subcutaneously to male albino rats Wistar. The rats 

were divided into three groups: PPT, PPT/PDT and PPT/OC. Gold nanorods (GNRs) were injected intratumorally. The 

dimensions of the GNRs were 41±8 nm (length) and 10±2 nm (diameter), so plasmon resonance was observed at the 

spectral range 800-820 nm. For PDT, a solution of indocyanine green in polyethylene glycol (MW=300 Da) with a 

maximum absorption wavelength of 790 nm was used as a photosensitizer. It was also injected intra-tumorically. For OC, 

a solution of glycerin (70%) and DMSO (5%) was applied to the skin before irradiation. The irradiation was carried out 

percutaneously using a diode laser at a wavelength of 808 nm. Skin heating was monitored using an IR visualizer. The 

temperature increase during the procedures was up to 60 ± 4.1°C. Diffusion reflection spectra were recorded before and 

after the procedures in the spectral range of 400-1000 nm. 

The withdrawal of animals and sampling of tumor tissues for histological examination was performed 72 hours and 21 

days after therapy. Morphological studies of tumor tissue were performed on tumor sections stained by standard methods 

and with immunohistochemical staining for the proliferation marker Ki-67 and the apoptosis marker Bax. 

The most pronounced effect was observed in the PPT/PDT group. After 72 hours, necrotic changes were observed in the 

tumor tissue, and necrosis fields occupied up to 80% of the area. Preserved tumor cells were observed only at the 

periphery of the tumor; they showed a decrease in the expression of the proliferation marker and an increase in the 

expression of the apoptosis marker. After 3 weeks, a significant inhibition of tumor growth was noted; a decrease in 

tumor mass was 77.4%. A reduction in thermal damage of the skin was obtained during PPT/OC. 

The work was supported by RSF grant 23-14-00287.  
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ABSTRACT 

Neurodegenerative ocular diseases such as diabetic retinopathy, glaucoma and age-related macular degeneration, can 
change the cellular structure of the retina and cause abnormalities in the retinal blood flow and blood perfusion, as well 
as alter the normal response of retinal neurons to visual stimulation. A number of optical imaging modalities such as 
scanning laser ophthalmoscopy (SLO), optical coherence tomography (OCT), Doppler flowmetry, Doppler OCT, OCT-
based optical microangiography (OCTA), fluorescence-based angiography and two-photon microscopy, have been used 
in the past to investigate structural, vascular and functional changes in the human and animal retinal in health and 
disease. Here, we utilize a combined OCT+ERG system to investigate visually evoked physiological and blood flow 
changes in the healthy and glaucomatous retina. 

For this study we used a fiber-optic based SD-OCT system that is powered by a superluminescent diode-based light 
source. The detection end of the system is comprised of a high-resolution spectrometer and a linear array camera with 
250 kHz maximum readout rate. A telecentric pair of achromat lenses was used to generate a 2 mm wide optical beam 
incident on the cornea with optical power of 1.1 mW. A visual stimulator comprised of 4 LEDs (blue, red, green and 
white) and pair of achromat lenses was integrated into the OCT retinal imaging probe to deliver Maxwellian illumination 
of the retina. The visual stimulator was connected to a commercial electroretinography system (ERG), that allowed for 
precise control of the color, intensity, duration and pattern of the visual stimulus that was delivered to the human retina. 
Functional retinal OCT and ERG data were recorded synchronously from human subjects and rats (rodent model of 
glaucoma). The imaging studies have received full ethics clearance from the University of Waterloo Office of Research 
Ethics. OCT+ERG recordings were acquired over period of 10 seconds with 2s pre-stimulus period. The color, intensity, 
duration and pattern of the visual stimulus were varied to explore dependence of the recorded physiological and blood 
flow changes on these parameters. Custom Matlab-based algorithms were used to process and analyze the OCT data. 

Figure 1 shows high resolution morphological images of the healthy human retina: (A) B-scan where all major retinal 
layers are resolved, enface images of the (B) retinal surface, (C) the outer plexiform layer showing capillary network, (D) 
inner – outer segment photoreceptors junction, (E and D) magnified views of the same layer showing reflections from 
individual cones. Note that all images are single-shots and no averaging or post-processing was applied. Figure 2 shows 
results from a functional blood flow test with the following stimulus parameters: color – blue (440 nm); pattern – flicker, 
duration – 1s, intensity – 0.8 Cd.s/m2. An enface view of the retinal ONH, generated from a volumetric OCT image is 
shown in Fig. 2A. The red lines show the approximate location of the circular scans. A circular B-scan (Fig. 2B) shows 
cross-sections of major retinal blood vessels at the ONH. Fig. 2C shows stimulus-induced changes in the blood flow of a 
single retinal blood vessel over a period of 10s. The black and red lines correspond to the measured raw and filtered 
blood flow data respectively. The blue area in the graph marks the timing and duration of the visual stimulus.  The blood 
flow shows ~ 500% peak increase relative to the baseline (dark recording). The latency of the peak response was ~2s 
relative to the onset of the visual stimulus. 

 
Figure 1: (A)B-scan and (B) En-face view of the healthy human retina. En-face views of (C) the outer plexiform layer showing 

capillary network, (D) inner-outer segment junction, (E) magnified view of the ROI marked with yellow dashed line, (F) magnified 
view of the ROI marked with red dashed line where white dots correspond to reflections from cone photoreceptors. 

Figure 2: (A) Enface view of the ONH with red circles marking the OCT scanning pattern. (B) Circular B-scan showing retinal blood 
vessels around the ONH (yellow arrows);(C) Transient changes in the blood flow measured from a blood vessel in response to blue 

flicker stimulation. 
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ABSTRACT 

The problems of the study of human hair have been considered in the scientific literature for several decades. Raman 

spectroscopy remains to be extremely popular in this area due to its sensitivity to the conformational features of hair 

proteins and the ability to evaluate the effectiveness of cosmetic products both in vitro and in vivo. Multiple works have 

been devotes to the study of human hair with the aid of Raman spectroscopy. Alternative methods of vibrational 

spectroscopy (e.g., FTIR and CARS spectroscopy) have also been employed (see, for example, [1, 2]). 

A hair consists of a core (medulla), a cylindrical surrounding layer (cortex), and a relatively thin (with a thickness of 1–4 

m) cylindrical outer shell (cuticle). Each part has individual molecular composition, but the main components are 

fibrillar water-insoluble protein macromolecules (keratins). A hair also contains low-molecular-weight proteins with a 

high content of sulfur-containing amino acids. Disulfide bonds in the hair structure provide its mechanical strength and, 

in addition, support the secondary structure of keratins. As for the secondary structure, the α-helix dominates in the 

cortex, while the β-structure dominates in the cuticle. Thus, the rigid cylindrical shell of the cuticle with a large number 

of the S-S bonds isolates bundle-like molecular complexes, which form elongated cortex cells, from the external 

environment. 

The efficiency of Raman spectroscopy in the analysis of the structural features of such a system is determined by two 

main factors. First, the use of confocal Raman microspectroscopy makes it possible to obtain a spatial resolution (of up to 

1 μm) sufficient for separation of the spectral contributions from different functional parts of the hair. Second, the 

conformation-sensitive bands in the Raman spectra of proteins make it possible to determine the ratio of secondary 

structure elements, the conformation of disulfide bridges, the relative concentration of C-S and S-H bonds, and the state 

of the hydroxyl groups of tyrosine side chains. 

Different layers of a hair have experimentally been detected in the study of its cross section, obtained with the aid of 

microtomes. A large number of works have been devoted to the determination of hair changes under the influence of 

various chemical, in particular, cosmetic agents. It has been shown that cosmetic products can be incorporated in the hair 

structure. Thus, the desired effect (in particular, coloring or rejuvenation) is achieved. 

Interestingly, the molecular structure of hair keratins changes not only under chemical exposure, but also under 

mechanical stress, temperature changes, and irradiation in the UV range. The results of [3] show that the UV irradiation 

leads to breaking of disulfide bonds in the structure of keratins, formation of thiols, and changes in the secondary 

structure of proteins. 

In this work, we use confocal Raman microspectroscopy to determine the sequence in which conformational changes in 

human hair keratins occur with increasing UV dose in a wavelength interval of 200–400 nm. The Raman spectra are 

analyzed in spectral intervals of 500–550 cm
–1

 (S–S stretching vibrations), 600–750 cm
–1

 (C–S stretching vibrations), 

820–860 cm
–1

 (tyrosine doublet), 1220–1260 cm
–1

 (amide III band), 1650–1690 cm
–1

 (amide I band), and 2520-2590 cm
–

1
 (S–H stretching vibrations). 

It is shown that the measurements of Raman spectra of a single region at different positions of a hair relative to the 

excitation radiation yield significantly different results. This is due to the polarization sensitivity of several bands in the 

Raman spectra of a hair, and the effect is manifested even when depolarized radiation is used for excitation. The results 

are analyzed with allowance for the orientation of a hair sample relative to the wave vector of the excitation radiation. 

The polarization sensitivity of Raman spectra must be taken into account in the study of biological objects containing 

fibrillar molecules even when depolarized radiation is used in experiments.  

An irradiation dose of 10 mJ in a wavelength interval of 200–400 nm leads to the breaking of disulfide bonds in the 

proteins of the hair cortex. The secondary structure of keratins significantly changes under irradiation at a dose of 50 mJ. 

With a further increase in the irradiation dose (to a level of greater than 120 mJ), unbroken disulfide bonds are 

transformed from the gauche-gauche-gauche conformation to the trans-gauche-gauche conformation, and α-helices are 

transformed into β-structural fragments. The results will be used for monitoring and comparison of the structure of hair 

keratins in experiments with various cosmetic agents. 
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ABSTRACT  

Administration of pharmacologically active molecules via skin appendages is gaining tremendous scientific interest, 

especially with regard to delivery to specific targeted regions and the reduction of systemic toxicity. However, the design 

of an appropriate effective method for clinical use remains challenging. We report on a novel non-invasive approach for 

topical delivery based on accommodation of drug-loaded submicron particles in hair follicles followed by sustained 

release of active molecules into the skin [1, 2]. The proposed delivery system is represented by submicron porous 

biodegradable vaterite carriers, which provide the degradation-driven in situ release of the loaded substance. By means of 

scanning electron microscopy, optical coherent tomography and confocal laser scanning microscopy, we demonstrated a 

deep and plentiful filling of hair follicles with the topically applied carriers in vivo under the sonophoresis. This group of 

optical methods was also utilized to monitor degradation of the delivered carriers in rats and mice in vivo [1-4]. 

The described method provides intra- and transdermal drug administration for the purposes of localized and systemic 

adsorption and was adopted for delivery of photosensitizers [5-7], antifungal drugs [4, 8-10], vaccines [11] and 

glucocorticoids. The use of vaterite particles allowed us to enhance dermal bioavailability of the applied drugs while 

targeting to specific areas in skin. In such a manner, by means of various optical methods we demonstrated that our 

protocol in non-invasive and easily practicable protocol for transdermal and topical drug administration.  

 

The study is supported by Russian Science Foundation (project № 22-73-10194). 

 

 
 

Figures: (a) Schematics of intrafollicular drug delivery by means of biodegradable vaterite carriers. Adopted with permission from 

[1]. Copyright ©, 2019 American Chemical Society. (b)-(c) SEM images of the plucked follicle sac filled with the carriers performed 

at different magnifications. Adopted with permission from [5]. Copyright © 2020 British Association of Dermatologists 
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Currently, there is a surge of interest in wearable diagnostic devices with the possibility of daily monitoring of the 

functional state of the human body, for example, microcirculatory-tissue systems. The first such development is the 

«LAZMA PF» analyzer ((LAZMA Ltd, Russia; in EU/UK this device is produced by Aston Medical Technology Ltd., 

UK as «FED-1b»), which makes it possible to study the microvasculature and oxidative metabolism of biological tissues 

[1]. The design features of these devices make it possible to record index of microcirculation (perfusion) and NADH 

fluorescence intensity with less sensitivity to motion artifacts and with a larger diagnostic volume compared to stationary 

devices [2, 3]. The purpose of this work is to demonstrate the successful experience of using these devices in clinical 

practice. 

Analyzers with wireless data transmission implement the methods of laser Doppler flowmetry (LDF) and fluorescence 

spectroscopy (FS), which allows for complex diagnostics of microcirculatory-tissue systems of the human body. The 

analyzers were used in the form of their distributed system (of 2 or 4 devices) in various parts of the upper and lower 

extremities of a human body [1, 4] without the use of functional tests in various fields of medicine – endocrinology (type 

1 and 2 diabetes), cardiology (arterial hypertension), rehabilitation (post-covid rehabilitation), physiotherapy (hatha yoga 

breathing exercises), sports and space [1] medicine. The time of registration of the microcirculatory-tissue system 

parameters (Im – index of microcirculation, ANADH – normalized amplitude of the biotissue coenzyme NADH) averaged 

for 10 min. 

Studies in patients with diabetes mellitus have shown a decrease in Im and nutritive blood flow in the lower extremities 

and an increase in the upper extremities. The results indicate the body's attempts to compensate for microcirculation 

disorders in the upper extremities. Studies of women with pregestational diabetes revealed a decrease in the oscillatory 

activity of microcirculatory-tissue systems in patients and an increase in ANADH. Patients with post-COVID syndrome had 

reduced values of Im and nutritive blood flow, as well as increased oscillatory activity of blood flow. In the study of the 

effect of hypo- and hyperventilation yoga breathing exercises on the parameters of peripheral blood flow, a correlation 

was found between the parameters of blood microcirculation and gas analysis during free breathing and hypoventilation. 

Also, for the first time, a technique has been developed for measuring the microcirculatory bed and oxidative metabolism 

of biotissues of cosmonauts limbs during the period of acute adaptation to microgravity conditions and readaptation after 

the completion of a space flight. The results obtained in this study confirmed the redistribution of circulating blood 

volume to the upper part of the body during the first few days of space flight and the normalization of blood flow on the 

6th day of flight. 

Thus, data on the state of the microcirculatory bed and oxidative metabolism of biotissue, recorded using wearable 

multimodal analyzers when solving various diagnostic problems in clinical conditions, make it possible to more 

comprehensively and reliably assess the relationship and dynamics of oxygen utilization by tissues. 

The study was supported by the Russian Science Foundation grant № 23-25-00522. 
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ABSTRACT  

Recently, the direction of optical coherence tomography for the study of the middle ear has begun to develop quite 

actively. OCT demonstrates the ability to obtain additional information to the structural image. This paper demonstrates 

the ability of OCT not only to visualize the tympanic membrane, but also to build a map of its mobility.  

 

Optical coherence tomography has long been the gold standard in ophthalmology. At the same time, OST continues to 

develop new areas of diagnostics in medicine. A relatively new direction is the study of the human middle ear. In this 

direction, OCT is able to visualize the tympanic membrane and the area behind it. This is important in the diagnosis of 

exudative otitis [1], as it allows visualization of the exudate. Such a study allows you to evaluate the viscosity of the 

exudate and thus the tactics of treatment and increase its success. Recently, works have appeared on additional functional 

diagnostics of the middle ear using OCT [2][3]. In this work, we develop a method for determining the mobility of the 

tympanic membrane under the influence of sound vibrations and constructing a two-dimensional map of such mobility. 

In this paper, we present a method for extracting information about tympanic membrane mobility from an OCT signal. 

The method provides for the calculation of the signal over the entire range of depths (while overcoming the complex 

uncertainty), the suppression of the residual specular component, the suppression of object movements, and the isolation 

of movements at the frequency of the probing sound.  

 

 

 
(a) 

  
(b) 

 
Figure: (a) Part of spectrum of tympanic membrane mobility,  (b) 2D map of tympanic membrane mobility 
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ABSTRACT 

Diffuse reflectance spectroscopy (DRS) is based on illuminating biological tissue with broadband light in the visible 

(VIS) and/or near infrared (NIR) spectrum region and detecting backscattered light at a given distance from the source. 

The recorded spectrum contains information on the absorption of various tissue chromophores (oxy- and 

deoxyhemoglobin, melanin, water, lipids), the concentration of which can be reconstructed by solving an inverse 

problem. One of the key points of successful reconstruction of tissue chromophores is taking into account the 

instrumental characteristics of the DRS system. Traditional ratiometric approach based on the measurements with two 

source-detector distances (one source and two detectors or two sources and a single detector) allows for compensation of 

detector spectral sensitivity and the source brightness variations [1], but it does not allow compensating all transient 

functions of the source and detector. The self-calibrating approach proposed in [2] is based on symmetrical multi-

distance measurements (at least four measurements with two sources and two detectors) and makes it possible to 

compensate for the instrumental contributions of the source and detector channels. Additionally, it is less sensitive to 

changes in the optical coupling between the optical sensor and tissue [3] in comparison to single-distance and single-

slope approaches. In this paper, we present an experimental setup for VIS-NIR DRS with a fiber optic probe using a self-

calibrating approach. The stability of the self-calibrating and traditional single-slope approaches to instrumental 

perturbations were compared in phantom and in vivo studies on human palm, including attenuations in individual 

channels, fiber curving, and introducing optical inhomogeneities in the probe–tissue interface [4] . The self-calibrating 

approach demonstrated high resistance to instrumental perturbations introduced into the source and detection channels, 

while the single-slope approach showed resistance only to perturbations introduced into the source channels. The 

developed experimental setup has been employed successfully in the in vivo studies on rats to reveal the differences in 

dynamics of allo- and autografts physiological parameters - blood and water content, and oxygenation (Figure 1) [5]. 

  

 

 
   

Figure 1: The dynamics of saturation, blood content,               (a),     , (b) and water content,       , (c), reconstructed from 

the DRS measurements. * - statistically significant differences between groups (p ≤ 0.05, Mann–Whitney test)   

 

The study was supported by Center of Excellence «Center of Photonics» funded by The Ministry of Science and Higher 

Education of the Russian Federation, Contract No. 075-15-2022-316.  
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ABSTRACT 

Atrial fibrillation (AF) is the most common arrhythmia worldwide. Clinical trials have shown that catheter 
ablation is superior to antiarrhythmic drugs in regard to freedom from recurrent AF. During this procedure, the 
electrophysiologist steers a catheter into the left atrium and ablates a lesion fence around common sources of ectopic 
signals, blocking arrhythmogenic tissue from initiating an erroneous heartbeat. Technological advancements in this 
maturing technique have made catheter ablations more widespread and effective for patients, but there is still a need to 
improve long term efficacy of the procedure. The rate of recurrent AF after an ablation is 20% to 40% in the USA, and this 
is predominantly due to reconnection because of poor lesion quality. With current catheter technology available to 
clinicians, it is difficult to assess whether a lesion line will remain durable, or heal to allow recurrent AF. 

We have developed and validated a polarization-sensitive optical coherence tomography (PSOCT)-integrated 
radiofrequency ablation catheter. We have shown in large animals that PSOCT can confirm the quality of catheter contact 
with the atrial wall and monitor lesion formation in vivo during an ablation procedure. Results further indicate that PSOCT 
guidance may provide clinicians with critical feedback including wall thickness, confirmation of lesion transmurality, and 
prediction of overtreatment. This technology has the potential to improve catheter ablation by reducing procedure time, 
reducing recurrence, and improving safety. 
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ABSTRACT 

Glabrous skin is found on the palms and soles of humans and is characterized with the absence of hair, a high density of 

sweat glands and the largest stratum corneum (SC) thickness. Here we report the discovery of new structures in the SC of 

glabrous skin, visualized non-invasively with reflectance confocal laser scanning microscopy (RCLSM) on the palms, 

fingers and soles of healthy individuals. The observed structures are remarkable and characterized by strong light 

reflection in RLSM images and were observed in ≈70% of individuals (Fig. A–D). The size and shape of these structures 

vary by organization and exhibit an elongated shape with attached small arms 2–15 µm in length (Fig. A). Longer arms 

are often attached to each other, forming a chain that is most pronounced in the superficial SC region and decreases 

towards the bottom of the SC. We hypothesized that the observed structures originate from crystallized urea. Urea 

crystals are known to yield a second harmonic generation (SHG) signal. Using in vivo two-photon tomography, we 

confirmed the presence of SHG structures in the SC of glabrous skin (Fig. E), which have a similar appearance to the 

RCLSM images. The chemical composition of the discovered structures was assessed in vivo by confocal Raman micro-

spectroscopy measuring a shift of a Raman band at 1004 cm
-1

 associated with dissolved urea towards higher 

wavenumbers, as occurs during urea cristallization. The strong shift observed as a shoulder in the Raman spectrum at 

1010 cm
-1

 confirms that the discovered structures are urea crystals, confirming our hypothesis (Fig. G). Therefore, we 

have named the discovered structures as crystallized urea dendriform (CUD) structures. The thick SC seems to be crucial 

for the crystallization process, where urea, mainly released with sweat, is deposited in the superficial SC region where it 

crystallizes under certain physiological circumstances. It was found with confocal Raman micro-spectroscopy and 

confirmed with corneometry that the individuals with a higher volume fraction of CUD structures had lower skin 

hydration (R
2
=0.55, p<0.001, Fig. F). In addition, confocal Raman micro-spectroscopy reveals the lower concentration of 

natural moisturizing factor molecules in the SC with CUD than without CUD structures. Thus, the presence of CUD 

structures in the glabrous skin seems to indicate a reduced water binding capacity. Further studies should aim to 

understand whether CUD structures are a signature or cause of dry skin. These findings provide a new direction in 

dermatology and cosmetology to understand the mechanisms that lead to dry hands and open up possibilities for the 

development of better moisturizers and for the diagnostic of dry skin. 

  

 

Figures: In vivo images of SC from human glabrous skin with CUD structures measured with RCLSM (A –white areas, B-D – red 

areas), SHG (E – white areas); negative correlation between skin hydration and volume of CUD structures (F); in vivo Raman spectra 

for SC with/without CUD structures, in vitro dissolved and crystallized urea with the bands at 1004 and 1010 cm-1 (G).  
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ABSTRACT  

 

Recently, retinal laser treatments for some diseases like diabetic macular oedema (DME) and central serous 

chorioretinopathy (CSR) are performed towards thermally stimulating the fundus tissue without adverse damage as in 

standard photocoagulation. Due to the invisibility of this irradiation strategy proper dosing is a challenge. Therefore 

typically test lesions near the vascular arcades are applied to achieve barely visible coagulations. Based on this power a 

reduced power for the macular target area is calculated, typically 30 - 50 % is used. However, due to the strong intraocular 

variations of light scattering and fundus pigmentation (20 – 80 %), this strategy is highly error-prone. Moreover, cellular 

response to a transient temperature rise is very crucial with respect to the temperature. 

 

Since objective real-time optoacoustic (OA) temperature measurements have already been demonstrated clinically [1], this 

method was now extended towards an automatic closed-loop feedback power control in order to automatically obtain a 

desired target temperature preselected by the ophthalmologist [2]. The power control modul consists of a low pulse energy 

Q-switched laser (QSL, Crystalaser, 75 ns pulse duration) which excites temperature dependent thermoelastic expansion 

at the retina with a repetition rate of 3 kHz. The excited ultrasound waves at the target area are measured with an appropriate 

transducer embedded in a Mainster contact lens. The control module was optically coupled between a standard continuous 

wave clinical laser (Zeiss Visulas 532s) and a laser slitlamp. The modul controls the output power with a repetition rate of 

3 kHz by means of an acoustoptic modulator to reach the desired target temperature within the total irradiation time of 100 

ms (Figure). For safety and regulatory reasons, it can only downregulate the preset power of the treatment laser. 

 

 
Figures: Left side shows the power variations (here in steps of 1 ms) in order to achieve the shown temperature profile and 

temperature rise (right side) of 20 °C on a RPE-choroidal porcine explant in a cuvette 

 

Patients suffering from central serous chorioretinopathy (CSR) with subretinal fluid and a single leakage point in angio-

graphy were included in the study. Titration lesions at the arcades were performed to correlate visibility and temperature 

rise. Therefore target temperatures of 55 °C, with steps of 5 °C increase were applied until immediate funduscopic visibility. 

In all patients so far, the direct funduscopic visibility threshold was found at 65°C, in good accordance with data in rabbits 

[3]. For treatment six central treatment spots 200 µm in diameter were then performed around the leakage point with a 

target temperature of 51°C. After irradiation, color fundus photography (CFP) and optical coherence tomography (OCT) 

were performed to assess potential damage. So far 7 patients have been treated. The laser power during the irradiation 

varied between 35 and 94 mW, demonstrating the need for a dosing control system. All laser spots stayed invisible in CFP 

and OCT. The results and clinical outcome will be discussed in the presentation. 

 

REFERENCES  

[1]  Brinkmann, R., Koinzer, S., Schlott, K., Ptaszynski, L., Bever, M., Baade, A., Luft, S., Miura, Y., Roider, J., and Birngruber, R., 

Real-time temperature determination during retinal photocoagulation on patients, J of Biomed Optics 22(11), 118001–1–11, 2012.  

[2]  Herzog, C., Thomsen, O., Schmarbeck, B., Siebert, M., and Brinkmann, R., “Temperature-controlled laser therapy of the retina via 

robust adaptive H1-control,” at-Automatisierungstechnik 66(12), 1051–1063, 2018.  
[3]  Baade, A., von der Burchard, C., Lawin, M., Koinzer, S., Schmarbeck, B., Schlott, K., Miura, Y., Roider, J. Birngruber, R., and 

Brinkmann, R., “Power-controlled temperature guided retinal laser therapy,” J of Biomedical Optics 22(11), 118001–1–11, 2017.  

23



Advanced Approaches to Optical Imaging Data Processing 
 

Viktor DREMIN1,2 

 
1Research & Development Center of Biomedical Photonics, Orel State University, Russia 

2College of Engineering and Physical Sciences, Aston University, UK 

 

viktor.dremin@bmecenter.ru 

 

ABSTRACT 

The development of optical imaging methods is inextricably linked with the development of new image processing 

methods. Image analysis is a powerful tool in biology and medicine to collect qualitative and quantitative information in 

time and space. Because different optical imaging techniques can easily produce gigabytes of research data, accurate and 

automated analysis methods are the key to the successful interpretation of the information registered. Also, some 

methods, such as hyperspectral imaging (HSI), contain hundreds of spectral bands, and these data cannot be analysed by 

visual inspection, instead special algorithms must be developed to extract meaningful information from images. Other 

methods relate to the registration of dynamic processes, and time-frequency analysis of such signals can provide valuable 

additional information. 

An artificial neural network (ANN) approach for analysing HSI data and continuous wavelet transform (CWT) for 

decomposing laser speckle contrast imaging (LSCI) signals will be presented here. 

A compact, hand-held hyperspectral imaging system utilizing ANN-based processing for the reconstruction of 2D maps 

of blood volume fraction and skin blood oxygenation in the skin was developed [1]. For the training of ANN, the diffuse 

reflectance spectra of the skin for all possible combinations of the considered parameters were simulated by GPU-

accelerated Monte Carlo technique. Examples of the system and algorithm capabilities are shown in Fig. 1. The 

developed approach was tested in clinical conditions and showed high sensitivity in detecting vascular complications of 

diabetes mellitus [2]. 

 
Figure 1: Retrieved maps of blood volume fraction and skin blood oxygenation before, during, and 1 min after finger occlusion test. 

 

CWT expands the capabilities of the existing dynamic light scattering methods and can provide spatial mapping of blood 

flow oscillations (cardiac, respiratory, myogenic, etc.) [3]. Fig. 2 shows the application of LSCI for mapping the cerebral 

vessels of a laboratory animal, and presents the time-frequency processing of the registered signals. The proposed 

technology makes it possible not only to measure the relative cerebral blood flow of the cerebral cortex, but also to 

expand diagnostic capabilities for detailed analysis of the physiological mechanisms of changes in cerebral blood flow. 

      

Figure 2: LSCI image of the rat brain obtained transcranially and spatial variations in cardiac (6.4 Hz), respiratory (1.3 Hz), and 

myogenic (0.13 Hz) activity. 
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ABSTRACT  

Optical imaging technologies such as Hyperspectral Imaging (HSI) or Optical Coherence Tomography (OCT), both in their 

intensity or polarization modalities, allow to assessment of tissue composition and morphology both for non-invasive 

diagnosis and for tissue development, degradation, and improvement under the application of specific therapeutic 

treatments. Understanding the physics of light-tissue interaction mechanisms helps to obtain accurate optical properties 

(absorption and scattering coefficients, birefringence, anisotropy, etc.) that can be used for diagnosis. In general, and due 

to the heterogeneity of tissues, this problem is affected by a multiparametric scenario that cannot be addressed by 

deterministic or empirical approaches.  

In this sense, within the workflow that guides the processing and analysis path from optical measurements to automated 

diagnosis (Figure 1), AI-based technologies are applied at different stages: (1) directly on raw optical measurements to 

provide signal denoising or feature extraction capabilities [1]-[3]; (2) to estimate tissue optical parameters from optical 

measurements [4], [5], or also (3) to provide discrimination and classification of tissue pathologies both, from raw 

measurements [6], [7] or from optical properties mapping [8]. Also, combination of different optical modalities or different 

AI-based approaches [9], [10] allows to reduce the problems related to classification uncertainty. The talk will describe the 

strategies attempted and the results obtained when applied to different biomedical fields. 

 
Figure 1: Scenarios of AI-based approaches intended for tissue diagnosis. 
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ABSTRACT 

 

The field of Biophotonics focuses on studying light interaction with biological matter on different levels, starting from 

molecular through cellular up to the organism, both in vivo and in vitro. In addition to purely research interest, it has a 

practical aim to develop new methods, theoretical and experimental models and technologies for diagnostics and therapy 

and to improve existing ones, with the ultimate goal of translating the research from laboratory to clinical settings.  

During this development, it is essential to test validity of the models, methods and instrument prototypes. However, real-

time testing on humans is laborious, time-consuming, costly and can even raise ethical concerns (e.g. due to difficulty of 

inclusion a variety of individual features). Moreover, properties of living organisms and their body parts deviate over 

time, becoming an essential drawback in the case of R&D. Along with this, controlled change of different parameters of 

the body in vivo upon request is hardly possible. Accuracy of measurements due to different skin types, motion artefacts, 

improper mechanical contact with body, low sensitivity or concentration of target analytes, to name a few, contribute to 

the set of challenges. 

This calls for development of stable physical models of target organs and biotissues (called ‘phantoms’) with controlled 

properties. In other domains of science and research ‘phantoms’ are called calibration samples, simulators, decoys, 

alternatives, substitutes, surrogates, models, equivalents, replicas, and artificial/synthetics objects. In everyday life, a 

commonly used term is ‘fake objects’. Examples of such objects are plastic indoor plants, shop human dummies, dolls, 

swimming pools, ‘fake food’ in Japan, digital twins, even a Finnish sauna. All these objects feature some properties the 

most important in the relevant context. 

In the case of Biophotonics research, these properties are optical (wavelength-dependent scattering and absorption 

coefficients, scattering anisotropy factor, refractive index) and geometrical (shape, size) but mechanical also play an 

important role. Microfluidics and liquid optical and rheological properties in case of perfusion phantoms are essential to 

account for as well.  

This paper provides a (non-exhaustive) overview of phantoms, fabrication procedures and materials used in the phantom 

development for development of such technologies as diffuse optical tomography, hyperspectral imaging, optical 

coherence tomography, fluorescent imaging, photoacoustic imaging.  

 

 
(a) 

  
(b) 

 
(c) 

 
Figure 1: Phantoms of (a) a hand, (b) brain and (c) female breasts. 
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ABSTRACT  

 

Possessing a number of fundamental advantages, optical methods are widely used in the study of living systems. Using 

the methods of optical spectroscopy and microscopy, intermolecular interactions, processes in cells and biological tissues 

are studied, and various sensory systems are created. At the same time, the use of optical diagnostics in solving problems 

in clinical practice is difficult for two reasons. First, the depth of optical probing of biological tissues is relatively small 

and varies from tenths to several millimeters, in exceptional cases reaching several centimeters. However, this factor is 

not limiting in solving a wide range of problems: studies of intermolecular interactions and structural dynamics of 

molecules in solutions, analysis of biofluids, intraoperative diagnostics, non-invasive diagnostics of a number of 

physiological parameters. 

Secondly, the use of external (exogenous) labels, which are often used in scientific research to increase the sensitivity 

and specificity of optical methods, is difficult when measured on humans in vivo and, moreover, can affect the process 

under study, despite the fact that it is the creation of new types labels led to a breakthrough in the study of living systems 

using optics. Thus, the use of endogenous contrast, an optical signal from molecules and systems of molecules already 

present in the sample (cell, biofluid, tissue), is of interest. 

Despite the fact that the optics of biomolecules, cells, and tissues has been the subject of many years of research, a 

paradox attracts attention: in the literature, a list of only about ten molecules is considered as endogenous chromophores 

and fluorophores in the human body. At the same time, each “classical” fluorophore or chromophore molecule has its 

own niche of applications in biomedicine. Thus, the optical response of hemoglobin is used in wearable devices, cancer 

diagnostics, and neuroimaging. Using the fluorescence signal of the NADH (nicotinamide adenine dinucleotide) 

molecule, optical metabolic imaging was built, which is used in personalized oncology for the selection of chemotherapy. 

The discovery of new endogenous fluorophore molecules in the body and the study of their photophysical properties is 

the central task of biomedical photonics. Here we present the machine-learning based model capable of predicting optical 

properties of molecules from its structure. The model is applied to the human metabolome data aimed at discovering 

novel endogenous fluorophores prospective for biomedical diagnostics. 
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ABSTRACT  

Complete Mueller polarimetry has already shown its potential for biomedical applications, e.g. early detection of cancer, 
digital histology, etc. [1]. The most common approach consists of performing at least 16 measurements to get all 
elements of Mueller matrix of a sample and then applying a non-linear algorithm of data compression for the physical 
interpretation of tissue optical properties. However, the completeness of this approach comes along with the polarimetric 
instrument complexity and does not allow the video-rate acquisition that is often required in clinical settings. 

We present the theoretical framework and experimental studies on calculating the diagnostic polarimetric 
parameters (linear retardance, orientation of optical axis and linear depolarization) for optical phantoms and biological 
tissues using only first three rows of Mueller matrix [2] and validate the results versus the corresponding parameters 
obtained from the Lu-Chipman decomposition [3] of the complete Mueller matrices .  

We showed that when a sample is measured at near-normal incidence either in transmission or in reflection 
configuration, its depolarization and birefringence properties can be calculated from the partial 3 x 4 Mueller matrix with 
the same accuracy as from the complete Mueller matrix. When the linear depolarization of a sample is anisotropic (i. e. 
its value varies with the rotation of the polarization plane) one should account for this effect in order to get the correct 
value of the orientation angle of the optical axis (see Fig.1). In case of the isotropic linear depolarization one can measure 
4 elements of the last column of Mueller matrix with left- and right-circularly polarized probing light beam and calculate 
the exact value of the azimuth of the optical axis of uniaxial linear birefringent medium (an equivalent of the angle of 
polarization in Stokes polarimetry) as well as the product of linear depolarization and sine of scalar linear retardance (an 
equivalent of the degree of polarization in Stokes polarimetry).  

With the advent of polarization sensitive cameras our findings open an avenue for the development of simple 
and compact imaging partial Mueller polarimetric systems that can operate at video rate and provide the required 
accuracy for tissue monitoring and diagnosis in clinical settings. 

 
 

  
(a)                                                                                       (b) 

     

 
Figures: Reconstructed values of the orientation of the  optical axis of linear retarder from the 3 x 4 Mueller matrix of optical 

phantom representing the linear diattenuator, linear retarder and canonical depolarizer (linear depolarization coefficients d1 =0.99, 
0.01< d2 < 0.99, the anisotropy of linear depolarization (d1 ≠d2 )): (a) is neglected (b) is taken into account 
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ABSTRACT 

Quantitative measurements of microvascular blood flow velocity are critical for the diagnosis and therapy of 

microvascular dysfunction. As a non-contact wide-field imaging technique for mapping the blood flow, laser speckle 

techniques are attracting increasing attempts to explore their potential in the clinical applications. However, several 

challenges affect the accuracy of laser speckle detection of blood flow, such as coherence loss and noise associated with 

the imaging system, the form of the auto-correlation function of the electric field related to the optical properties of 

biological tissue, non-ergodic components associated with static scattering, and finite statistical sample size. To improve 

the quantitative measurement of blood flow speed using speckle and improve the robust of the measurement in the 

practical clinic conditions. The influence of the statistical sample size on the mean of the speckle contrast was deduced 

by the probabilistic and statistical methods [1]. A method for unbiased estimation of flow velocity in the range of 0.1~30 

mm/s was proposed [2]. The influence of the properties of biological tissue and the imaging system on laser speckle auto-

inverse covariance was discussed. The quantitative laser speckle auto-inverse covariance model for imaging blood flow 

velocity was established and validated in phantom and animal experiments [3]. Moreover, since multiple speckle images 

are usually required to reconstruct a high-resolution and high SNR blood flow map, LSCI is highly sensitive to the 

motion artifacts. The blood flow perfusion obtained by LSCI during tissue motion is a mixture of the artifacts due to 

inter-frame im-age misalignment and intra-frame image blurring. It is of urgent importance to minimize the impact of 

motion when LSCI is put into practical use. Previous studies have mainly focused on correcting either the inter-frame or 

intra-frame arti-fact of global rigid motion. However, in practical biomedical applications, owing to the flexibility of 

biological tissues, the subjects often produce many non-rigid, spatially non-uniform movements. We proposed a dual-

wavelength imaging system to solve the problem that laser speckle images with graininess are difficult to be directly 

registered[4]. To further address the problem of overestimation of blood flow due to non-rigid tissue motion during the 

exposure of a single frame, we proposed a method that combines the strategy of heterogeneous regression analysis with 

the above dual-wavelength imaging, enabling the extraction of the true blood flow signal from the measured mixture 

LSCI signal. Optical flow analysis allows for the quantitative imaging of absolute blood flow velocity with high spatial 

resolution by using the variation in pixel brightness between consecutive frames to trace the motion of red blood cells. 

However, traditional optical flow algorithm usually suffers from a strong noise in background tissue and significant 

underestimation of blood flow speed in blood vessels, due to the errors in detecting the feature points of optical images. 

Here, we proposed a temporal direction filtering and peaks interpolation optical flow method (TPIOF) to suppress the 

background noise and improve the accuracy of blood flow velocity estimation. 
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ABSTRACT 

Optical coherence tomography (OCT) is an extremely successful non-invasive interferometric imaging technique. Thanks 

to the use of coherence gating for axial feature resolution, OCT does not rely on the use of tightly focused beams and is 

able to deliver tomograms with good lateral (10-15 µm) as well as axial (1-10 µm) resolution in a depth range of 1-2mm. 

Recently there has been a strong need for cost-effective OCT systems enabling point-of-care screening. Current 

technology does not allow the required advancements of OCT for their widespread use. Silicon nitride waveguide based 

photonic integrated circuit (PIC) technology and suitable packaging methods will enable realization of reliable low-cost 

and miniaturized OCT systems.  

 

Progress in the field of photonic methods and techniques for health and life sciences are expected to significantly 

contribute to solve main socio-economic challenges of our time. The required disruptive innovations will, to a large 

extent, be triggered by the emergence of new fabrication technologies. For a widespread adoption in point-of-care 

screening an OCT system in developed and emerging markets should have a target price in the range of 15-25k€, > 3x 

cheaper than momentary OCT systems. Further prerequisites are a small footprint, ease-of-use, and high reliability 

making the system virtually maintenance-free - maintaining necessary diagnostic imaging performance (>4x faster). First 

accomplishments in PIC based 1300nm dermatologic OCT and 800 nm as well as 1060nm ophthalmic OCT on a chip 

systems will be presented. 
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ABSTRACT  

 

Plasmonic photothermal therapy (PPTT) has emerged as a complementary technique for the treatment of malignant solid 

tumors. It involves the use of gold nanoparticles that can efficiently convert light into heat inducing cell death around where 

the nanoparticles are concentrated, eventually reducing tumor volume or impairing its further growth. However, and as 

most other cancer therapies, the broad tumour and patient heterogeneity affects treatment outcomes, varying between 

individuals even under the same regime. This has greatly compromised PPTT development and hindered its clinical use. 

Hence, there is a need of methods that allow for personalization and optimization of therapy based on individual’s 

physiology. 

 

In PPTT, the dose of nanoparticles injected and the amount of light delivered are parameters that can be adjusted to 

personalize the treatment and improve its efficacy. In this talk, I will present our multimodal platform that provides an 

integrative approach for plasmonic photothermal therapy in pre-clinical mouse models of renal and breast cancer, as it 

allows the in vivo and ex vivo study of all variables involved in PPTT and their potential role in outcome. We have shown 

how diffuse optical techniques, namely diffuse correlation spectroscopy and diffuse reflectance spectroscopy, can be used 

to non-invasively gather physiological properties and hemodynamics of the tumor –as blood flow, water content, tissue 

oxygenation and nanoparticle concentration, and relate the optical and hemodynamic parameters to the crucial variables in 

PPTT, as nanoparticle and light dosages. The platform also includes a set of tools to extend the knowledge on PPTT and 

its underlying molecular mechanisms. Furthermore, experimental data has been used in simulations using light transport 

and heat diffusion equations to design personalized protocols to optimize PPTT treatment. Altogether, our platform offers 

a comprehensive toolbox that will pave the way to PPTT optimization and personalization, ultimately bringing this therapy 

closer to clinics.  

 

 

 

 

31



Nonlinear distortion operator for coherent imaging in tissues using second 

harmonic and third harmonic nonlinear holography 
 

Randy Bartels
1
, Gabe Murray

2
, Yusef Farah

1
, Olivier Pinaud

4 

 
1Morgridge Institute for Research and Biomedical Engineering at the University of Wisconsin, Madison, USA 

2Department of Physics, Colorado State University, USA 
3Department of Electrical and Computer Engineering, Colorado State University, USA 

4Department of Mathematics, Colorado State University, USA 

 

 

rbartels@morgridge.org 

ABSTRACT  

 

Non-invasive imaging with high resolution deep within biological materials without the use of harmful ionizing radiation 

is of great interest in the field of medical imaging. Second- and third- harmonic generation are excellent mechanisms to 

circumvent this issue by providing outstanding contrast and optical sectioning [1]. In general, these signals are weak and 

prone to scattering which introduce great challenges when imaging deep within turbid media. We will discuss recently 

demonstrated nonlinear distortion, which can detect very weak backscattered SHG optical fields in a widefield 

holography configuration, from which distortion from aberrations and scattering can be estimated and corrected. This 

approach uses field phase information to allow diffraction limited imaging within deep tissue. 

 

REFERENCES 

[1] P. J. Campagnola and C.-Y. Dong, Laser & Photonics Reviews 5, 13–26 (2011). 

[2] D. R. Smith, D. G. Winters, and R. A. Bartels, Proceedings of the National Academy of Sciences 110, 18391 (2013). 

[3] C. Hu, J. J. Field, V. Kelkar, B. Chiang, K. Wernsing, K. C. Toussaint, R. A. Bartels, and G. Popescu, Nature 

Photonics 14, 564–569 (2020). 

[4] G. Murray, J. Field, M. Xiu, Y. Farah, L Wang, O. Pinaud, and R.A. Bartels, arXiv preprint arXiv:2305.12012 

(2023). 

32



Multimodal optical spectroscopy for human skin cancer in vivo diagnosis 
 
Walter BLONDEL1, Valentin KUPRIYANOV1,2, Christian DAUL1, Grégoire KHAIRALLAH1,3, Yuri KISTENEV2,4 and 

Marine AMOUROUX1 

 
1Université de Lorraine, CNRS, CRAN UMR 7039, Nancy, France 

2Laboratory of Laser Molecular Imaging and Machine Learning, Tomsk State University, Tomsk, Russia 
3Department of plastic, aesthetic and reconstructive surgery, Regional Hospital Metz-Thionville, France 

4Laboratory for Remote Sensing of the Environment, V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia 
 

walter.blondel@univ-lorraine.fr 
 

ABSTRACT 

The present contribution concerns the investigation of multimodal tissue spectroscopy as an in vivo optical biopsy method 
combining several complementary techniques for the non-invasive characterization and analysis of human skin conditions 
applied to skin cancer diagnosis and more specifically to carcinoma surgical margin delineation guiding. 

First, the main technical features of the Spectrolive spatially-resolved bimodal spectroscopy medical device developed 
[1,2] will be described including a four source-detector separation multiple optic fiber probe (D1=400µm, D2=600µm, 
D3=800µm and D4=1mm), a diffuse reflectance spectroscopy modality in the [340-785]nm range and an autofluorescence 
spectroscopy modality allowing to collect sequentially five autofluorescence emission spectra at five excitation peaks (365, 
385, 395, 405 and 415nm), respectively. These features are to be linked to known skin carcinogenesis modulation factors 
targeted such as epidermis hyperplasia, collagen enzymatic degradation, overactive cell metabolism, cell pleomorphism, 
neovascularization etc. [3]. 

Second, the clinical protocol involving 140 patients with skin carcinomas will be presented, including the spectroscopic 
acquisition methodology, the histological classification of all the excised samples and the final data base built from all the 
data collected [4]. 

The third part of this presentation will be dedicated to the exploitation of the multidimensional spectroscopic data set 
collected, in order to build efficient Machine Learning-based models for automatic supervised classification. Several 
methods and combinations of methods were tested such as principal component analysis, non-negative matrix factorization, 
support vector machine, linear discriminant analysis, multilayer perceptron and random forest classifiers. In order to 
optimize the combination of the results of analysis provided by each of the modalities, data fusion methods (stacking, 
begging, boosting, majority voting) were also implemented [5]. 

Finally, the confusion matrices resulting from multi-class classification of cancerous, precancerous and healthy states of 
human skin, based on the spatially resolved autofluorescence and diffuse reflectance spectra obtained in vivo will be 
presented as well as a comparison of the performance of the aforementioned  machine learning and data fusion methods. 
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ABSTRACT 
Photobiomodulation (PBM) is a perspective non-pharmacological approach for Alzheimer’s disease (AD) treatment. 

Since the mechanisms and the effects of PBM are not fully explored, we investigate its effect on the clearance of 

fluorescent beta-amyloid (FAβ) from the ventricular system of the brain in mice as well as on the restoration of 

clearing function of the meningeal lymphatics vessels (MLVs) after photo-ablation. 
Male mice (25-28 g, 3 months age) were used in all experiments. The photo-ablation of MLVs in each mouse was 

achieved with 5 μL injections of 5-aminolevulinic acid (5-ALA) excited 15 minutes afterwards by a 635 nm laser 

(15 J/cm
2
). The cisterna magna, the left and right transverse sinuses, the superior sagittal sinus, and the junction of 

all sinuses were subjected to laser irradiation. 7 days after photo-injury of MLVs, The PBM was performed daily 

with an LED (central wavelength 1050 nm) for 1 week. 1 μL of FAβ at a final concentration of 1 μg was injected 

into the hippocampus of the mice on the 4th day for further study of PBM effects. The cumulative dose of 7-day 

PBM therapy was 3.5 kJ/cm
2
. The confocal images of full brain samples and brain slices of mice for further 

quantitative analysis were obtained using a confocal laser scanning microscope (Nikon A1R MP, Nikon Instruments 

Inc., Tokyo, Japan). We analyzed distribution of FAβ in the mouse brain samples in the five groups: 1) 5-ALA 

injection only; 2) 635 nm laser irradiation only; 3) 5-ALA + 635 nm laser irradiation; 4) PBM treatment during 

wakefulnessl; 5) PBM treatment during sleep. 
Photo-ablation of MLVs negatively affected the FAβ drainage from the hippocampus. Indeed, the FAβ fluorescence 

in the hippocampus was higher in mice with the damaged MLVs compared to the control groups “5-ALA only” and 

“Laser only”, i.e. removal of FAβ was suppressed in mice after photo-injury of MLVs. The 7 days-course of PBM 

had a positive effect on clearance of FAβ that was more pronounced in the “PBM during sleep” vs. “PBM during 

wakefulness”, based on relative FAβ fluorescence intensity. 
In this pilot study, we demonstrate that the brain lymphatic functions after the MLVs injury can be improved with 

the PBM treatment. We also show that PBM during sleep has a better restorative effect in comparison with PBM 

during wakefulness. Our results provide more insight into the field of PBM, as well as demonstrate the PBM 

stimulation of the brain lymphatic drainage that transports FAβ via the lymphatic pathway. The improved restoration 

of the brain lymphatics after PBM during sleep opens a new niche in the studies sleep functions and AD therapy 

technologies. PBM as a non-invasive and safe approach has the high prospects for implementation in clinical 

practice for the treatment of brain diseases associated with lymphatic disorders. 
This study was supported by grant (No. 23-75-30001) (No. 21-75-10088) from the Russian Science Foundation and 

by Grant from the Russian Ministry of Science and High Education (No. 075-15-2022-1094). 
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ABSTRACT  

Bladder cancer (BC) —  the 4th most common cancer in men and the most expensive cancer to treat over a patient’s 
lifetime — is a lifelong burden to BC patients and a significant economic burden to the U.S. healthcare system [1,2]. The 
high cost of BC stems largely from its high recurrence rate (>50%); hence, BC management involves frequent 
surveillance. Unfortunately, the current in-office standard-of-care tool for BC surveillance, white light cystoscopy 
(WLC), is limited by low sensitivity and specificity for carcinoma in situ (CIS), a high-grade carcinoma with high 
potential to metastasize. Early detection and complete eradication of CIS are critical to improve treatment outcomes and 
to minimize recurrence. The most promising macroscopic technique to improve sensitivity to CIS detection, blue light 
cystoscopy (BLC), is costly, time-intensive, has low availability and has a high false-positive rate. Given the limitations 
of WLC, we aim to change the paradigm around how BC surveillance is performed by validating new tools with high 
sensitivity and specificity for CIS that are appropriate for in-office use.  
 
We have introduced several new tools to improve mapping of the bladder for longitudinal tracking of suspicious lesions 
and to perform in-office surveillance with improved sensitivity and specificity over the standard of care. To improve the 
sensitivity of detection, we have developed a new strategy for image-to-image translation of white light cystoscopy into 
blue light cystoscopy images. This technology can reduce the cost, time and administrative burden of current BLC 
systems, increasing availability for use in the clinic. To improve the specificity of detection, we introduce 
multiparametric interference-based polarization-enhanced imaging (Multi-PIPE) as a strategy to identify biomarkers of 
early-stage bladder cancer that are distinct from its visually confounding relative, inflammation. 
 
Our results suggest that we are able to: 1) successfully create large-area maps of the bladder from cystoscopy videos 
(Fig. 1a), 2) successfully perform image-to-image translation of white light cystoscopy videos into blue-light look-alikes 
with high correlation with ground truth images (Fig. 1b,c); 3) use Multi-PIPE parameters to differentiate CIS from 
inflammation with 18.5% improved specificity over the standard of care and a four-fold reduction in the false-positive 
rate (Fig 1d). The success of the results represents a critical first step towards integration of these tools into clinical 
practice to potentially change and better inform the management of patient care. 
 

 
Figure 1: (a) 3D bladder reconstruction from cystoscopy video; (b) BLC-like frames generated from WLC frames via image-to-image 

translation; (c) Digitally generated BLC-like frames show high correlation with ground truth; (d) Multi-PIPE parameters (orange 
line, shaded region shows 95% confidence interval) differentiates CIS tumors from inflammation. 
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ABSTRACT 

In regenerative medicine, it is necessary to solve the following problems: label free estimation of differentiation 

state and quality of stem cells, label-free assessment both of the organ quality before isolation of cell product and 

isolated cell product before transplantation, in vivo diagnose of regenerative potential of organ before cell therapy or 

surgery, testing  3D-models based on stem cells (spheroids, organoids) for disease phenotypes identification, stem 

cell niche metabolic demands and screening of new drugs. This applies to both cell therapy and tissue engineering 

Modern imaging methods using time-resolved fluorescence (FLIM microscopy, FLIM in vivo imaging systems) 

provide information on the co-factors of NADH and FAD, the ratio of their free and bound forms, which reflects the 

type of energetic metabolism: Glycolysis or Oxidative phosphorylation. Metabolic imaging does not require 

additional contrasts, which brings it closer to the clinic. Cells with changing proliferation activity are of particular 

interest for monitoring metabolic changes both in the process of differentiation / regeneration and in the treatment 

process. 

 

Using FLIM and multiphoton fluorescence microscopy of stem cell we have made investigation of metabolic status 

in mesenchymal stem cell during adipogenic, osteogenic and chondrogenic differentiation, metabolic activity and 

intracellular pH in induced pluripotent stem cells differentiating in dermal and epidermal directions [1], label-free 

sorting of iPS cells during neuronal differentiation, analysis of the metabolic and oxygen status of 3D neurospheres 

from iPSCs , energy Metabolism and Intracellular pH Alteration in Neural Spheroids Carrying Down Syndrome [2],  

contrast-free revealing Metabolic Changes in living Pathological Islets of Langerhans [3]. Also we try to define new 

optical criteria of  liver regenerative potential for intraoperative use. We have already studied the metabolic state of 

hepatocytes, the content of collagen in animal liver during normal regeneration and modeling of pathologies. 

We found a significant correlation between the percentage of liver recovery and the contribution of the NADPH 

(before the induction of regeneration), as well as with an increase in the contribution of the bound form of NADH 

(in the early stages of liver regeneration) [4]. 
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The report is devoted to the discussion of the benefits of machine learning application in the 

development on new methods of medical diagnostics using breath air analysis by IR and THz laser 

spectroscopy. This problem is connected with useful experimental spectral data preprocessing, and after that, 

the informative features extraction and finding effective classification methods. Artificial neural networks 

will be demonstrated to allow conducting effective noise reduction in breath air spectra. The informative 

features can be associated with two ways of a breath air sample analysis:  (i) the sample absorption spectrum 

profile,  (ii) contained in the sample volatile molecular compounds concentration profile. The latter approach 

requires effective methods of the spectroscopy inverse problem solution when the breath air sample 

molecular composition is not a priori known.  A choice of acceptable classification methods is defined by the 

ability to work well with small-volume datasets.    

We will demonstrate examples of above-mentioned problems’ solution.  

 

The research was carried out with the support of a grant under the Decree of the Government of the Russian 

Federation No. 220 of 09 April 2010 (Agreement No. 075-15-2021-615 of 04 June 2021). 
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ABSTRACT  

Tumor pathogenesis is frequently associated with anomalous changes in the mechanical properties of the extracellular 

matrix (ECM).
 
Biological tissues are viscoelastic, exhibiting both solid-like (elastic) and liquid-like (viscous) behaviors, 

under different loading conditions. The mechanical behavior of the extracellular matrix (ECM) is a powerful regulator of 

many oncogenic processes including proliferation, invasion, differentiation, and metastasis. Increased stiffening, due to 

collagen deposition drives malignant transformation of cells. Macrophage infiltration on the other hand degrades and 

liquidizes the ECM, resulting in ‘liquid-like’ stromal properties that aid cancer cells in squeezing through stromal 

boundaries. Thus, elastic, and viscous behaviors of the ECM co-exist and act concurrently to drive cancer metastasis. 

Comprehensively profiling of the mechanical landscape of cancers is therefore a crucial need. 

 

Tissue mechanical behavior is often defined by the frequency-dependent viscoelastic modulus that is a measure of both, 

the elastic or solid-like behavior, and viscous energy dissipation of the sample. Speckle Rheological Microscopy 

(SHEAR) is a new tool that maps the frequency-dependent viscous and elastic properties of biological tissues and 

biomaterials from dynamic intensity fluctuations of laser speckle without applying an external force, physically 

contacting the specimen, or using exogenous particles (Fig. 1).  This talk will provide an overview of recent advances in 

the SHEAR technology to access both, the viscous and elastic contributions of the tumor ECM to enable us to investigate 

key mechanopathological drivers of oncogenesis in patients. I will discuss results of our recent studies on breast tumors 

in patients to simultaneously quantify mechanical parameters that define tumor viscoelasticity and micromechanical 

heterogeneity, which together serve as co-conspirators in oncogenic signaling. Thus, by enabling comprehensive 

viscoelastic profiling, the SHEAR innovation yields new diagnostic and prognostic insights based on tumor 

mechanopathology to augment standard histopathologic profiling and open new avenues for advanced therapeutic 

strategies to target the aberrant mechanical landscape of cancer.  

 

 

 

 

 

 

 

 

Figure 1: (L) SHEAR map of, G*, of an invasive ductal carcinoma of the breast. The stiff tumor 

stroma (red to magenta to purple) in striking contrast with the soft tumor epithelium (blue to 

green to yellow). In breast tumors, micromechanical metrics including heterogeneity and 

gradients of G* measured by SHEAR are associated with histological subtype, grade, molecular 

expressions, and nodal status. (R) H&E (top) and Picrosirius Red (bottom) stained sections show 

the corresponding tumor histopathological features, including the presence of collagen stroma.  
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ABSTRACT 

Optical coherence tomography (OCT) is one of the most important techniques in biomedical optics research and is 

increasingly being used in various clinical applications. Current clinical OCT systems achieve imaging speeds of 

approximately 100,000 depth scans per second, which corresponds to frame rates of about 100 frames per second. The 

introduction of Fourier domain mode locking (FDML) revolutionized OCT lasers and enabled systems to achieve speeds 

of many million depth scans per second. This breakthrough, known as Megahertz OCT (MHz-OCT), enables imaging 

rates of many thousands of frames per second at high quality [1, 2]. 

The significant increase in imaging speed by a factor of 10 to 100 enables the acquisition of very large volumes in a 

short period of time, which can be particularly important in dermatological applications with large-area lesions. 

Furthermore, the high imaging speed allows for the acquisition of complete three-dimensional volumes in rapid 

succession at speeds beyond video rate. This is essential for applications where OCT is intended to be used as live 

feedback, such as in surgical microscopes or medical robots. The rapid acquisition of volumes is also beneficial for 

applications that utilize temporal changes as image contrast, such as dynamic OCT or OCT elastography. Moreover, the 

ability to acquire sequential volumes in quick succession with the MHz-OCT system facilitates the implementation of 

more efficient numerical motion correction algorithms for in vivo applications. 

The paper discusses results of our MHz-OCT applied for elastography measurements and we present data from an 

ongoing clinical study using MHz-OCT in a neurosurgery operating microscope. Additionally, large-area scanning of 

human skin in vivo using OCT-guided robots for dermatology is presented. We describe the path to future endoscopic 

large area OCT. Finally, we will present our newest FDML lasers at wavelength ranges centered around 850nm and 

1180nm for ophthalmic, microscopic and spectroscopic applications.  

 

 
Figures: (a) MHz-OCT elastography image, phase-based displacement map [3] (b) MHz-OCT on robot [4] (c) OCT-scan of entire 

hand with MHz-OCT robot [4] (d) Home built MHz-OCT in neuro surgical microscope [5] (e) Image of human brain [5] 
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ABSTRACT  

The development of noninvasive, objective methods to assess retinal function in connection with simultaneously 

measured retinal structure is of great interest to clinical and experimental ophthalmology. If successful, it would 

revolutionize current clinical practice that relies on an independent evaluation of disease-related changes in retinal 

morphology and its function. This presentation will review our recent progress in developing Optical Coherence 

Tomography (OCT) - based retinal imaging methods allowing direct measurements of retinal morphology and its 

underlying function using optoretinography (ORG). The ORG comprises light-dependent changes in retinal layer 

thickness and scattering measured in vivo with submicrometer resolution by OCT. Several examples of ORG-OCT 

instruments developed to study retinal physiology at different spatiotemporal resolutions and in diverse species will be 

presented. Our recent data confirm that the mechanism underlying the “slow” ORG response is that extreme 

phototransduction increases osmotic pressure in the outer segment, driving water entry and swelling to restore osmotic 

balance. Overall, the results and modeling provide a new experimental and theoretical toolkit that allows insights into 

retinal physiology using imaging and stimulation with light only.  

 

Optical coherence tomography (OCT) is a gold standard for clinical retinal imaging [1-2]. OCT applications in 

ophthalmology have been recently extended to probing light-evoked transient changes in cellular and tissue morphology 

in response to light stimulation. These visible light-driven retinal signals measured with OCT have been collectively 

called the optoretinogram (ORG) [3-8], in parallel to the well-known electroretinogram (ERG). Understanding of 

underlying retinal physiology of the ORG signals is of broad interest to both basic visual science and clinical 

ophthalmology because, like the ERG, it provides a means of investigating photoreceptor function in vivo and provides 

single-cell resolution biomarkers for diagnosis of retinal diseases and evaluation of therapeutic interventions. Two major 

biophysical mechanisms underlying rod and cone ORG signals have been attributed to charge-dependent changes in disc-

membrane forces [9] for “fast” response and water movement into rod outer segments driven by osmolytes produced by 

phototransduction [10] for “slow” response. A critical question linked with the latter is whether the water permeabilities 

of the choriocapillaris (CC) and retinal pigment epithelium (RPE) are sufficient to provide water movement of the 

magnitude and time scale to explain swelling during the ORG. To extract the permeabilities of barriers to water 

movement in the posterior eye, a model was developed based on the modern Starling theory of fluid filtration through 

vascular capillaries. Application of the model enabled estimation of the osmotic pressure differential across key water 

barriers and the barrier water permeabilities for the ORG. We used this paradigm to quantify water movement between 

different retinal layers in a mouse model, allowing estimates of the water permeability of key barriers between the 

choriocapillaris (CC) and photoreceptors, viz., of the CC cell membrane, Bruch’s membrane (BrM), the RPE layer, and 

the rod plasma membrane. Additionally, a retinal tissue reflectance model proposed to link the changes in refractive 

index caused by the osmotically driven water movement between the CC lumen and the outer segment during the ORG 

predicts the observed BrM scattering changes. 
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ABSTRACT  

 

Vascular endothelial cells (ECs) make up the inner surface of arteries, veins, and capillaries and therefore interact 

directly with various components of the blood. The interaction between ECs and red blood cells (RBCs) is important 

because many hemorheological disorders are accompanied by increased adhesion of RBCs to vascular ECs. To date, the 

mechanisms of this pathology are not fully understood. This work was aimed at studying in vitro the effect of ECs on the 

microrheological properties of RBCs, in particular on spontaneous aggregation and shear deformation of the latter, using 

laser methods. The study of the mechanisms of adhesion and its quantitative characterization without damaging 

mechanical contact with the blood cells is of particular interest and novelty.  

We performed experiments with fresh blood samples drawn from the cubital vein of healthy volunteers. Human umbilical 

vein endothelial cells (HUVEC) were cultured and grown at the N.F. Gamaleya National Research Center for 

Epidemiology and Microbiology. Cells were placed inside microfluidic chips under flow or stopped flow conditions. 

Subsequently, tumor necrosis factor alpha (TNF) and adenosine diphosphate (ADP) activators were used to activate EC. 

In our experiments, we used laser aggregometry based on diffuse light scattering from whole blood samples, which 

makes it possible to obtain the critical shear stress (CSS) parameter characterizing the hydrodynamic strength of RBC 

aggregates. Analyzing the dependencies of the intensity of laser light scattered by the RBCs suspension at various shear 

stresses, we measured the CSS of the RBC aggregates in a microchannel coated with an EC layer. To assess the effect of 

the endothelium on the deformability of RBC, we used the laser ektacytometry method, which makes it possible to 

measure the elongation index of RBCs at different shear stresses. All measurements were taken with blood samples at 

37°C. Similar microchannels without EC were used as controls. Experiments carried out using laser aggregometry 

showed a decrease in the CSS parameter in the presence of EC by 40 ± 12% compared with the control. In the case of EC 

preactivation, the CSS parameter increased by approximately by 16 ± 4% (TNF) and 50 ± 7% (ADP) compared with non-

activated cells. It is worth mentioning that in the case of preactivation using TNF, the CSS was below the control value, 

and in the case of preactivation with ADP, the CSS was above the control value. Experiments performed using laser 

ectacytometry showed that the ability of erythrocytes to deform under shear stress somewhat decreases in the presence of 

EC (13 ± 5% lower than in control). We believe that this process is due to the adhesion of RBCs to the endothelial layer. 

Also, by trapping and manipulating single cells with laser tweezers in a microcuvette, we measured the strength of 

interaction between RBC and EC in a monolayer culture in various media using laser tweezers. In the first series of 

experiments, a solution of bovine fibrinogen in serum at various concentrations was used as a medium; in the second 

series of experiments, plasma (lithium heparin anticoagulant) was used with the addition of the amino acid L-arginine at 

various concentrations. The force of interaction between an RBC and EC is defined as the minimum force necessary for 

the free movement of an RBC along the surface of a monolayer of EC. Data were obtained indicating an increase in the 

force of interaction between RBC and endothelium with an increase in the concentration of fibrinogen in the medium and 

the subsequent release of this force to saturation. With an increase in the concentration of L-arginine in the medium, a 

slight decrease in the strength of interaction was found. Numerically, the interaction forces ranged from 1 to 4 pN. 

The work was supported by the RSF grant № 22-15-00120. 
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ABSTRACT  

 

Aggregation of red blood cells (RBC) and platelets is one of key factors, which determines the blood flow and thereby 

affects the blood rheology and microcirculation. Alterations in these properties lead to changing the blood viscosity and, 

as a consequence, to changes in blood flow through vessels and capillaries. This can lead to significant impairment of 

blood function. Aggregation of RBCs and platelets are commonly known to be dependent on the concentration of vital 

plasma proteins. The exact role of each plasma protein in platelets aggregation and especially in RBC aggregation is still 

not well understood. Sometimes the experiments conducted using different techniques with whole blood samples or 

RBC/platelets suspensions containing mixtures of different plasma proteins yield somewhat controversial results [1]. We 

assumed that there might be an unaccounted synergetic effect of proteins (e.g. interference between proteins) on cells 

aggregation [2]. The aim of this work was to assess the kinetics of RBC interaction in vitro in samples with varying 

plasma proteins (fibrinogen, albumin, gamma globulin, C-reactive protein) and their concentrations by direct 

measurement of cells interaction forces on cellular level as well as to obtain RBC and platelets aggregation properties in 

whole blood and plasma samples on large ensembles of the cells.  

In this work for measurements on ensembles of RBC and platelets we used diffuse elastic light scattering and 

turbidimetry technique accordingly. To measure pair aggregation of RBC we performed the experiment with optical 

tweezers. These methods are widely used to measure several parameters that characterize the RBC and platelets 

aggregation properties in blood. In the paper, we demonstrate the physical foundations of these methods [3] and the 

results of in vitro measurements of the indices and rate of RBC and platelets aggregation, hydrodynamic strength, 

characteristic time of formation of RBC aggregates, forces, and aggregation in environment with different plasma 

proteins. 

We found that albumin in plasma changes its role from agonist to inhibitor of RBC aggregation with increasing the 

concentration of fibrinogen. When the concentration of fibrinogen is relatively high, an increase in albumin concentration 

does not increase the aggregation force but weakens the binding force between the RBCs. Furthermore, a model solution 

including five major aggregation-inducing proteins yields a weak aggregation force that can hardly be measured. These 

results indicate that there is an apparent interference among various plasma proteins involved in RBC aggregation and 

that the synergetic effect of plasma proteins determines the degree of RBC aggregation as well as the aggregation and 

disaggregation forces. Possible underlying mechanisms of the observed synergetic effects could be due to a change in the 

RBC and platelets membrane potential or formation of albumin-fibrinogen complexes preventing strong RBC 

aggregation. These ideas require further studies.  

To find possible ways of correction of an enhanced aggregation that may be observed in such pathologies as arterial 

hypertension and diabetes mellitus [3, 4] the studies of the effect of several commonly used inhibitors (RGDS, 

eptifibatide, tirofiban) on RBC aggregation were performed with blood samples. The hypothesis that cells aggregation 

can be corrected (reduced) in arterial hypertension by integrin IIb/IIIa glycoproteins (IGP) inhibition of fibrinogen 

adsorption on RBC membrane was verified experimentally. IGP reduces nonspecific binding of fibrinogen molecules to 

cell membranes, which results in decreasing molecular bridging between interacting cells.  

This work was supported by the Russian Science Foundation (Grant No. 22-15-00120). 
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ABSTRACT  

 
While optical coherence tomography (OCT) has found extensive application in visualizing the structure and vasculature of 
the human retina (1), it falls short in providing the essential molecular insights which is believed to be crucial for early-
stage diagnosis. Especially when using the eye as window to the brain various studies indicated that information on 
structural changes alone as provided by OCT is missing diagnostic specificity. The presentation will review various 
approaches to assess the molecular biomarkers of disease through the human fundus spanning from resonance Raman 
spectroscopy to retinal fluorescence lifetime imaging and recent two photon imaging results. Multimodal imaging has 
specific benefits, as for example structural details obtained with fast widefield confocal scanning or by a quick OCT scan 
help to guide molecular specific methods that often need larger measurement times, or are limited to a small areas.  The 
central part of the presentation is how to unleash the diagnostic capabilities of in vivo retinal Raman spectroscopy (RS) 
within a clinical setting. Raman spectroscopy has become widely renowned within the field of biomedical science, offering 
a molecular signature of biological tissues without the necessity for external markers (2). Nevertheless, the initial 
investigations into Raman spectroscopy in the field of ophthalmology predominantly lean on the resonant Raman 
technique, employing shorter visible wavelengths and consequently capturing solely macular pigment information(3). A 
comprehensive Raman fingerprint data set could potentially prove essential for thorough molecular assessment of retinal 
tissue. So far the strong pigmentation of the fundus and resulting autofluorescence has hindered successful application of 
spontaneous Raman spectroscopy to the eye. The pigmentation is however missing in the region of the optic nerve head, 
which is in fact directly linked to the human brain. The developed apparatus to assess the retinal molecular fingerprint 
consisted of three main components: infrared (IR) fundus imaging at 730 nm, swept-source optical coherence tomography 
(SS-OCT) at 1060 nm, and Raman spectroscopy (RS) at 785 nm. IR fundus imaging played a role in aligning the device 
with the subject's pupil, while OCT en face imaging rapidly generated images to pinpoint suitable positions for Raman 
spectroscopy readings. In a first study Raman spectra of patients with age-related macula degeneration (AMD) could be 
distinguished from healthy controls with an accuracy rate of 90% (Fig.1). The results highlighted the clinical potential of 
nonresonant Raman spectroscopy (RS) and ongoing clinical investigation aims to ascertain how the molecular insights 
derived from RS could facilitate the early detection also of brain disorders. 
 

  

 

Figure 1: In vivo measurement result: (a) and (b) representative fundus IR image results from each group, (c) and (d) en face OCT 
measurement results, (e) and (f) average Raman spectrum from each measurement group. Arrows indicate the position of the optic 

nerve head. Scale bar: 1 mm 
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Liver resection remains the most effective treatment of liver tumors [1]. However, in the presence of hepatic 

pathologies, the regenerative potential of the violated liver is significantly reduced [2]. Current clinical methods 

not efficient enough for predicting the function of the liver remnant. Modern label-free methods of multiphoton 

microscopy with fluorescence lifetime imaging microscopy (FLIM) and second harmonic generation (SHG) 

allow determining the criteria for reducing the regenerative potential of the liver with concomitant hepatic 

pathology.  

A series of experiments were performed on Wistar rats. Liver fibrosis was induced by CCl4 injections and 

steatosis was induced by 60% high-fat diet. At different stages of the pathology, we induced liver regeneration 

by 70% partial hepatectomy (PH). Using multiphoton microscopy, we analysed the structure of the liver tissue 

on 3
rd

 and 7
th

 day after PH, and also determined the intensity of NAD(P)H autofluorescence in the zones of low 

and high signal. Using FLIM, we determined the fluorescence lifetime contributions of the free and bound forms 

of NADH and NADPH. Standard morphological analysis and a standard biochemical blood test were performed 

as controls.  
As a result, we revealed the characteristic optical criteria of the structural and functional state at different stages 

of liver regeneration with steatosis and fibrosis. In case of steatosis, we identified zones with a reduced NADH 

autofluorescence intensity, corresponding to lipid infiltration or fibrosis. The area of zones with a reduced 

NAD(P)H autofluorescence intensity increased with the development of steatosis. We also showed a decrease in 

the contributions of the bound form of NADH and NADPH already in the early stages of steatosis. During 

regeneration with the presence of steatosis, there was no sharp increase in the contributions of the bound form of 

NADH and NADPH on the 3
rd

 day of regeneration, due to mitochondrial dysfunction of hepatocytes. In case of 

fibrosis, we also identified zones with a reduced signal of NADH autofluorescence intensity, which 

corresponded to fibrosis. The area of zones with a reduced NAD(P)H autofluorescence intensity increased with 

the development of fibrosis. There was sharp a decrease in the contributions of the bound form of NADH and 

NADPH in the early stages of pathology, followed by an increase in these parameters in the later stages. Such 

result indicates mitochondrial dysfunction in the early stages and the progression of compensatory processes in 

the later stages of fibrosis. The work was supported by the Grant from the Russian Science Foundation №19-15-

00263. 

 
REFERENCES 

[1] E. Ramos et al, Hpb 18, 389-396, 2016. 

[2] V.E. De Meijer et al, Journal of British Surgery 97, 1331-1339, 2010. 

 

 

44



Development of Antibacterial Photodynamic Therapy for Urology 

Vadim ELAGIN1, Nadezhda IGNATOVA2, Artem ANTONYAN3, Ivan BUDRUEV4, Pavel BUREEV4, Olga 
STRELTSOVA3, and Vladislav KAMENSKY1,5 

1Institute of Experimental Oncology and Biomedical Technologies, Privolzhsky Research Medical University, Russia 
2Department of Epidemiology, Microbiology and Evidence-Based Medicine, Privolzhsky Research Medical University, Russia 

3Department of Urology Named after E.V. Shakhov, Privolzhsky Research Medical University, Russia
4Institute of Biology and Biomedicine, Lobachevsky State University of Nizhny Novgorod, Russia 

5Federal Research Center Institute of Applied Physics of the Russian Academy of Sciences, Russia 

elagin.vadim@gmail.com 

ABSTRACT 

It is well known that from 30% to 51% of urinary calculi are infected or have a bacterial origin. Modern lithotripsy 
approaches are based on crushing stones into small fragments that can be removed/washed out through small diameter 
accesses. In the case of infected stones, large amount of toxins and bacteria are inevitably released during fragmentation.
Antimicrobial photodynamic therapy is considered to be an alternative to the antibiotic treatment of localized infectious 
processes. The purpose of the study was to evaluate the antibacterial efficacy of photodynamic therapy against human 
antibiotic-resistant bacterial uropathogens and safety for recipients. 

At first, the interaction between photosensitizer and urapothogenic microorganisms was analyzed. The bacteria were 
incubated with Photoditazine at various concentration and time. After washing samples from unbound photosensitizer, 
the fluorescence intensity was analyzed. The fluorescence intensity was found to be higher for Gram-negative strains 
than for the Gram-positive ones regardless of the photosensitizer concentration. The strains of E. faecalis and S. aureus
demonstrated the enhancement of the fluorescence intensity in a time-dependent manner with the maximal value at 60 
min. E. coli and P. mirabilis had the maximal value of fluorescence intensity after 30 min and that significantly 
decreased by 60 min. The optimal incubation time was found to be 30 minutes. After 15 minutes of incubation in the dark 
followed by 15 minutes of manipulation (dilution, inoculation) at ambient light, no colony of S. aureus and E. faecalis
was detected on the plates. The treatment of either Gram-positive or Gram-negative bacteria by laser light only did not 
induce significant reduction of CFUs. The survival rate of P. mirabilis for photodynamic inactivation was power-
dependent. The number of viable bacteria was decreasing from 65% to 10% with an increase in power from 50 mW to 
150 mW. The maximal bactericidal effect was reached at 150 mW. Next, the antimicrobial photodynamic therapy was 
adapted for Gram-negative species. The efficacy of aPDT of E. coli washed from an unbound photosensitizer under 
continuous wave irradiation was only 5%. Tween 80 provided an insignificant enhancement of aPDT efficacy of up to 
9%. The efficacy of aPDT of E. coli incubated with photosensitizer and Triton X-100 achieved 52.5%. It was found that 
washing of the extracellular photosensitizer led to loss of the aPDT efficacy. K. pneumoniae was not sensitive to aPDT 
without extracellular photosensitizer, while the efficacy of aPDT with the photosensitizer was 89%. E. coli had low 
sensitivity to aPDT without extracellular photosensitizer as well as with it. The high sensitivity of P. aeruginosa to aPDT 
with extracellular photosensitizer significantly reduced after washing of the photosensitizer. The efficacy of aPDT of P.
mirabilis did not change after washing of the extracellular photosensitizer. It was demonstrated that the aPDT efficacy 
depended on laser power in all studied species, excluded K. pneumoniae. The efficacy of K. pneumoniae treatment did 
not exceed 93%. The irradiation of other bacteria species with a power of 450 mW provided an aPDT efficacy of 
99.99%. To test the efficacy of the developed aPDT technique, urine cultures of the patients were incubated with a 
photosensitizer and Triton X-100 for 15 minutes in the dark. Then, the unwashed samples were illuminated by a 
continuous wave laser at 450 mW of output power. The efficacy of the aPDT of infected urine cultures was not less than 
99.996%. 

Safety of developed technique was study on pig kidney in vivo. Following by an incision of soft tissues, the kidney and 
the upper third of the ureter were separated retroperitoneal. The ureter was ligated and a catheter was inserted through the 
incision into the pelvis. Solution containing the 5 mg/ml of Photoditazine and 10% of Triton x-100 was injected into the 
renal pelvis and kept for 15 minutes. Illumination of pelvis was performed by diode laser coupled with optical fiber 
through the catheter. Either continuous wave or pulsed illumination was carried out with output laser power of 150 or 
300 mW at wavelength of 662 nm. Illumination of a pelvis containing of Photoditazine solution by continuous wave laser 
at 150 mW led to the formation of a few foci of loosening and areas of desquamation of the cells surface layer. 
Illumination of a pelvis containing of Photoditazine solution by pulsing laser at 150 mW led to local expanding of 
intercellular spaces of the surface layer of the urothelium. Increase the continuous wave laser power up to 300 mW led to 
appearing of areas of pronounced cell loosening due to the destruction of intercellular contacts. . Moreover, confluent 
areas of destruction of the urothelium surface layers were also present. The thickness of the preserved epithelium was 2-3
rows of cells. Illumination by pulsing laser at 300 mW led to the formation of few small foci of desquamation, as well as 
to local erosion of the contours. Thus, the animal study confirmed the safety of this technique and the possibility of its 
use intraoperatively in the surgical treatment of urolithiasis. 
This work was supported by the Russian Science Foundation, project №21-15-00371.
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ABSTRACT 

Intracellular localization of photosensitizer molecules affects cell death pathway and dynamics at photodynamic 
treatment and is influential on the efficacy of photodynamic therapy. We report analysis of the accumulation and 
distribution of Radachlorin photosensitizer in three established cell lines: HeLa, A549, and 3T3. Experiments were 
performed using fluorescence lifetime imaging microscopy (FLIM) and confocal fluorescence microscopy. The FLIM-
based experiments demonstrated significant variations of Radachlorin fluorescence lifetimes in different cell 
compartments and among cell lines. The analysis of lifetime images recorded in living cells and corresponding phasor 
plots allowed us to establish a relationship between the quantified lifetime images, fluorescence quantum yield, and 
Radachlorin localizations. 
 
The pronounced dependence of Radachlorin fluorescence quantum yield and lifetime on solution pH [1] was used for 
analysis of lifetime images of living cells and their phasor plot representations and allowed us to suggest that Radachlorin 
localizes predominantly in lysosomes, known to have acidic pH. The colocalization experiments of Radachlorin 
fluorescence intensity and lifetime and LysoTracker fluorescence intensity supported this suggestion. Radachlorin 
fluorescence lifetimes determined in lysosomes were on average about 1 ns shorter than those in other parts of the 
cytoplasm. Equalization of intracellular pH achieved by treatment with Bafilomycin A1 resulted in more narrow range 
and more homogeneous distributions of Radachlorin fluorescence lifetime in cells. Bafilomycin A1 washout provided 
slow recovery of the initial parameters. The approximation of FLIM phasor plots with two 2D Gaussian distributions 
allowed for automatic segmentation of cells into intracellular compartments with short and long fluorescence lifetimes, 
corresponding to acidic and close to neutral microenvironments. The relative quantum yield of Radachlorin fluorescence 
in solutions was shown to be several times lower in acidic microenvironment as compared to that in the normal one [1]. 
This finding suggests that the actual amount of Radachlorin accumulated in lysosomes as compared to other intracellular 
compartments can be underestimated if being evaluated solely by comparison of fluorescence intensities. 
 
The previously performed colocalization analysis of intracellular distributions of Radachlorin fluorescence intensity and 
refractive index distributions obtained by holographic tomography demonstrated coincidence of the areas of predominant 
accumulation of Radachlorin molecules with the areas of high values of refractive index and refractive index gradient [2]. 
It also evidences Radachlorin accumulation in lysosomes, that are intracellular structures with highest refractive index 
and high concentration of dry mass [3].   
 
The financial support from Russian Science Foundation under the grant #21–72-10044 is gratefully acknowledged. 
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ABSTRACT 

A main problem in the field of cancer immunotherapy is the lack of reliable biomarkers to determine the susceptibility of 

individual patients to treatment. Metabolic status of T-cells plays a key role in early response to tumor and therapy [1] 

and has a great potential as a predictive biomarker, while fluorescence lifetime imaging (FLIM) of metabolic coenzymes 

can be a powerful non-destructive label-free tool to fully characterize reactivity of T-cells in their native state. FLIM has 

been extensively used for metabolic investigations of cancer and other diseases [2]; however, the studies of immune cells 

using metabolic autofluorescence imaging is a very recent trend [3,4], and within the framework of immunotherapy 

metabolic FLIM of T-cells was performed for the first time. 

Our research consisted of two parts. First, we explored FLIM of NAD(P)H to assess the sensitivity of immune cells to the 

immune checkpoint inhibitor therapy on the most common tumor target – B16F0 mouse melanoma model. We visualized 

the lymphocytes from fresh sections of inguinal lymphatic nodes located near the tumor node. It was found that the most 

reliable marker is the relative contribution of the free fraction of NADH α1. It is known that its rise is associated with a 

shift towards glycolysis and glutaminolysis to support the elevated demands of activated T cells. We found that α1 

NADH in activated T-cells gradually increased during the tumor development and reached 71.3% and 75% in “Small 

tumor” and “Large tumor” groups, respectively, compared to “Healthy mice” group (69.3%). After immunotherapy α1 

NADH was higher in “Responder” group which showed the inhibition of tumor growth (74.9%) compared to non-treated 

control “Small tumor” group (71.3%) and to “Non-responder” group with progressive tumor growth (71%). Therefore, 

evaluation of α1 NADH in T-cells allows to: 1) identify the response of the immune system to the tumor development; 2) 

distinguish between early and late stages of tumorigenesis (p<0.0001); 3) distinguish groups of responders and non-

responders to the therapy (p<0.0001).  

Furthermore, a gradual increase in immune response to tumor was reflected by the appearance of relative contribution of 

protein-bound NADPH α3, associated with biosynthetic processes, when the tumors reached a large size. Flow cytometry 

showed that the changes in the α1 NADH fraction correlated with T-cell activation, while changes in α3 NADPH 

correlated with cell proliferation. Our future work will be focused on validation of the metabolic FLIM on the material of 

patients with melanoma both to predict the efficiency checkpoint inhibitor therapy prior to treatment and monitor early 

response during the therapy.  

Next step, we considered another type of aggressive tumor – human glioblastoma, which is the most common brain 

tumor with 100% mortality. Immunotherapy is not included in the standard-of-care for this tumor but recent studies have 

shown its potential as an alternative treatment [5]. We have developed an original in vitro patient-specific model based 

on the explant culture from a resected tumor specimen which was co-cultivated with the lymphocytes isolated from a 

blood sample of the same patient. Such model was created for 10 patients, treated with anti-CTLA-4 or anti-PD-1 

inhibitors or combination and demonstrated a heterogeneous response among the patients and types of treatment. In some 

cases, a positive effect was achieved, expressed in an increase in α1 NADH (assessed by FLIM) and correlated with 

standard measurements – an increase in the number of immune cells and a decrease in the number of tumor cells 

(assessed by phase contrast microscopy), and activation of lymphocytes and a decrease in the proliferative index of tumor 

cells (according to flow cytometry). 

Therefore, FLIM of NAD(P)H in T-cells provides a highly sensitive, label-free assay of immune response to treatment 

and can become an innovative platform for individual drug screening for patients. 

This research was funded by the Russian Science Foundation, grant number 23-74-10109. 
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ABSTRACT  

The advantages of topical drug administration are reduction of side effects, noninvasiveness, and prevention of 

elimination during passage through the liver and degradation in the intestine. The main barrier to transdermal delivery of 

drug is the impenetrability of the stratum corneum (SC). Cutaneous absorption may be increased by the use of ethosomes 

which affect the barrier properties of subcutaneous fat and/ or the properties of the penetrant and thus make it possible to 

achieve a therapeutic amount of the drug in the systemic bloodstream and in the deep layers of the skin (Fig. 1) [1]. This 

development is devoted to the creation of a transdermal cosmetical drug based on ethosomes containing methylene blue 

(MB). There are a number of publications confirming the use of MB as a drug mitochondrial action, brings an effective 

result in stimulating the proliferation of skin fibroblasts and slowing cellular aging [2]. For quality assessment of 

ethosomal complexes we use spectroscopic methods and methods for estimating the size of ethosomes using dynamic 

light scattering and scanning electron microscopy. The purpose of this study is to increase the penetration depth of the 

photosensitizer after its application to the skin. We developed a new method of transdermal delivery of methylene blue 

through the skin barrier with the use of ethosomes which consist of natural components. After applying the ethosomal 

complex to the treated (after removing the SC) and untreated pig skin, these areas were irradiated with an infrared light 

source. A confocal microscope was used in these areas to measure the penetration depth. The obtained results (Fig. 2, 3) 

showed that there was a sufficient concentration at a depth of more than 1.1 mm, which indicates penetration into the 

dermis. The rate of decrease in the concentration of MS is significantly less in comparison with the generally accepted 

value manifested by the diffuse mechanism of distribution of the drug substance. This means that stimulating with IR 

light significantly increases the depth of penetration by the ethosomes.  

 

 

 
(1) 

 
(2) 

 

 
(3) 

 
Figures: (1) The proposed mechanism of penetration of the atosomal system through the membranes of the stratum corneum: 

а – ordered lipid bilayers 

b – lipid bilayer, disturbed by ethanol and accumulated soft, malleable ethosomes [3] 

(2) Confocal microscopy results in the area of untreated pig skin (3) Confocal microscopy results in the area of pig skin after 

removing the stratum corneum  
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ABSTRACT 

Insulin-deficient conditions are a significant public health challenge worldwide. Cell stress and dysfunction occur 

before the progressive loss of cell mass in various diseases such as type 1 and type 2 diabetes or pancreatitis. Cell 

dysfunction results from remodeled glucose metabolism as part of a conserved pro-survival signaling program. In 

healthy cells, an increase in glucose concentrations leads to a corresponding increase in adenosine triphosphate 

(ATP) generation from oxidative phosphorylation (OxPhos) [1]. This, in turn, acts on membrane channels, 

electrically coupling oxidative phosphorylation to insulin secretion. However, it has been suggested that in stressed 

cells, there is an increase in glycolysis that is largely unrelated to oxidative phosphorylation. This pattern is similar 

to the high survival-inducing Warburg effect characteristic of cancer cells. [2]. Most studies of cell metabolism rely 

on methods such as PCR, immunohistochemistry, and transcriptomic studies. However, these methods do not 

provide a complete picture of the islets and often provide contradictory results. Moreover, there is no single method 

that would allow quickly and without the use of staining to assess the quality of the islets both in the whole tissue 

and after their isolation. Metabolic FLIM is a powerful tool that has the potential to provide a non-invasive and 

label-free diagnostic method to assess the quality of pancreatic islets. To make FLIM more applicable in clinical 

settings, new FLIM criteria are necessary to identify islet quality and metabolism in various insulin-deficient 

conditions. FLIM can be applied to evaluate the quality of islets in whole tissue with various insulin deficiency 

diseases or to monitor the status of islets before and after transplantation in transplantation technologies. This study 

utilized FLIM and intracellular metabolite NAD(P)H to develop a non-invasive and label-free method for assessing 

the quality of isolated islet cells and pancreatic islets in tissue. The fluorescence lifetimes (t1, t2) and contributions 

of free and bound forms of NAD(P)H (a1, a2) were analyzed using LSM 880 (Carl Zeiss, Germany) equipped with a 

short-pulse femtosecond Ti:Sa laser Mai Tai HP and FLIM system for time-resolved microscopy (Becker&Hickle 

GmbH, Germany). FLIM was used to evaluate the quality of islet cells in both pathological (T1D, T2D/chronic 

pancreatitis) and normal pancreas. The FLIM parameters (a1 and a1/a2) of islet cells in the pathological and normal 

pancreas were found to differ, with a higher proportion of glycolytic phenotype islet cells observed in the pancreas 

with T1D and T2D/chronic pancreatitis. Metabolic FLIM imaging was also used to assess the metabolism and 

viability of isolated islet cells. The isolated islets exhibited typical fluorescence lifetimes for NAD(P)H, indicating 

their viability and metabolically active state after isolation. ELISA analysis confirmed that in isolated cells, when 

stimulated with glucose, the level of insulin increased. This correlates with the FLIM data, which show that upon 

stimulation with glucose, the level of the bound form of NAD(P)H and the predominance of oxidative 

phosphorylation over glycolysis. Thus, FLIM confirmed the viability and functional activity of the isolated islets. 

Non-contrast FLIM diagnostics can be used to develop new FLIM criteria for identifying islet cell quality and 

metabolism, and to develop a rapid technique for assessing islet viability to aid in islet transplantation in clinical 

settings. FLIM can be used not only to assess the quality of islets in whole tissue, but also during their isolation 

process, making it a valuable tool in transplantation technologies. 

The work was carried out as part of the "Priority—2030" 
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ABSTRACT  

Membrane microviscosity plays an important role in cell biophysics, controlling the rate of diffusion and transport, and 

the activity of many enzymes and receptors [1-4]. The cell membrane is a complex of proteins and lipids, which ensures 

the integrity of the cell and regulates many important processes of interaction between the cell and the environment. 

Mechanical properties of membrane play an important role in cell function, signaling various pathologies, including the 

transformation of a normal cell into a cancerous one. At the same time, chemotherapy remains one of the main types of 

treatment for cancer, treatment failure is a frequent occurrence, emphasizing the need for new approaches to the early 

assessment of tumor response. Understanding the role of membrane microviscosity in the response of tumor cells to 

chemotherapy is important, since the cell membrane is actively involved in drug transport [5–7]. But the study of the 

effect of chemotherapeutic drugs on the viscoelastic properties of living cells is important for a better understanding of 

the mechanisms of drug action and evaluation of the effectiveness of therapy. Previously, we developed methodologies 

that allows obtaining microscopic viscosity maps from individual cancer cells in vitro and from a mouse tumor model in 

vivo [2-4]. 

This work is aimed to study of membrane microviscosity using the BODIPY 2 fluorescent molecular rotor and FLIM 

lifetime fluorescence microscopy. 

Cancer cell lines were used in the work - five colorectal cancer lines with different migratory ability: HT29, HCT116, 

Caco-2, SW480, SW837, as well as lines HT29 and HCT116 resistant to oxaliplatin or 5-fluorouracil. The cells were 

cultured in DMEM containing 100 µg/ml penicillin, 100 µg/ml streptomycin sulfate and 10% fetal bovine serum (FBS) at 

37°C in a humidified atmosphere with 5% CO2. The molecular rotor fluorescence lifetime was recorded using an LSM 

880 confocal microscope (Carl Zeiss, Germany) equipped with a TCSPC-based FLIM module (Becker&Hickl Inc., 

Germany). Microviscosity was measured in the plasma membranes of individual cells using a BODIPY2 fluorescent 

molecular rotor (excitation 850 nm, reg. 500–550 nm). For microscopic imaging, the cells were seeded on glass-bottom 

FluoroDishes in complete DMEM medium without phenol red (Life Technologies). A laser scanning microscope LSM 

880 (Carl Zeiss, Germany) equipped with a FLIM module SPC 150 TCSPC (Becker & Hickl GmbH, Germany) and a 

Mai Tai HP femtosecond laser, 80 MHz, 140 fs (Spectra Physics, USA) was used in the study. FLIM images were 

acquired at laser power 1%-2%, photons collection time 60 s to provide ≥5,000 photons per decay curve at binning factor 

1. Fluorescence lifetime analysis was performed in the SPCImage software 8.3 (Becker&Hickl GmbH, Germany). 

It was found that in the range of cell lines we selected, HT29 cells have the most fluid membranes, 427 ± 30 cP. Caco-2, 

HCT116, and SW837 cells have slightly more viscous membranes vs. HT29, with microviscosities 448±51 cP, 456±33 

cP, and 457±27 cP, respectively. The highest values of microviscosity were observed in SW480 cell membranes – 

457±27 cP. 

To further determine whether drug-sensitive and drug-resistant cancer cells have different migratory activities in terms of 

the fluid properties of their membranes, we performed experiments on 5-FU and oxaliplatin-resistant cell lines. Thus, for 

HCT116-5-FUR cells, the membrane microviscosity was higher than in control cells and amounted to 579±37 cP. For 

HCT116-OXAR microviscosity was lower than in control cells - 407±22 cP. Cells of HT29 sublines have a similar trend. 

It was shown that the microviscosity of cell membranes HT29-5-FUR is higher than in the control HT29 - 521±30 cP 

versus 427±30 cP. A slight decrease was observed for HT29-OXAR up to 419±36 cP. 

The obtained data open up the possibility of predicting changes in the membrane microviscosity, and will be useful for 

developing new diagnostic approaches in oncology. 

This work was supported by the Russian Science Foundation (Project no. 23-74-00045). 
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ABSTRACT 

The use of the digital diaphanoscopy method, based on the transmission of maxillary sinus tissues by low-intensity 

radiation, and subsequent registration of diaphanograms, is currently characterized by the absence of classification 

models to exclude the subjectivity of diagnosis. Thus, the purpose of this study is to use machine learning methods to 

identify the pathology of the maxillary sinuses by digital diaphanoscopy. 

Experimental studies were conducted using the developed digital diaphanoscopy device in conditionally healthy 

volunteers and patients with confirmed diagnosis. The maxillary sinuses were probed with radiation of 650 nm and 850 

nm using an LED applicator and the subsequent registration of diaphanograms was carried out using a CMOS camera 

(Fig. 1,a-b) [1]. The intensity parameter (I) and the asymmetry coefficient (AC) were calculated. To calculate the I, the 

average value of the light intensity on the registered diaphanogram was calculated. The calculation AC consisted in 

determination of the face central line (symmetry axis), diaphanograms rotation to ensure vertical position of the central 

line, and calculating the asymmetry coefficient between the left and right parts of the face. 

Analysis of the data obtained by the Mann-Whitney criterion revealed a statistically significant difference (p < 0.05) for 

the calculated quantitative parameters in the studied groups. The application of linear discriminant analysis to construct a 

classification model is proposed. The best values of sensitivity and specificity (0.88 and 0.98, respectively) and an 

accuracy value of 0.93 were obtained for the sensing wavelength of 850 nm (Fig. 1,c) [2]. Thus, the proposed approach 

makes it possible to detect the presence of pathology in the maxillary sinuses with high accuracy, and reduces the 

probability of a false negative diagnostic result compared to traditional screening diagnosis methods [3,4]. 

 

 
(a) 

 
(c) 

 
(b) 

 
Figure 1: (a) Typical diaphanoscopy examination results for healthy volunteer, (b) and patient with chronic right-sided maxillary 

sinusitis (white circle indicates the area of pathology), (c) the scatter plot with applied discriminant line obtained by linear 

discriminant analysis method. 

 

This study was funded by RFBR according to the research project No. 20-32-90147 and by FASIE according to the 

project No. 353ГС1ЦТС10-D5/80270. Thanks to the volunteers, patients and doctors of the University Clinic of the 

Yevdokimov A.I. Moscow State University of Medicine and Dentistry for assistance in conducting experimental studies. 
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ABSTRACT 

Many processes during embryogenesis, such as elongation [1], neural tube closure [2], and cardiogenesis [3], 

are fundamentally biomechanical processes [4]. Any disruption or failure of these events can lead to 

debilitating or even fatal pathologies, e.g., anencephaly [2]. While much is known about the genetic and 

molecular mechanisms underlying these processes, there remains a significant knowledge gap about the 

associated biomechanical parameters due to the lack of noninvasive high-resolution mechanical imaging 

techniques, particularly in live samples. In this work, we demonstrate completely noninvasive, label-free, 

high-resolution, and three-dimensional mapping of mouse embryo stiffness at several critical stages of 

embryogenesis based on reverberant shear wave optical coherence elastography (Rev-OCE)[5]. Mouse 

embryos at various developmental stages (embryonic day 9.5, 10.0, 10.5, 11.0, and 11.5) were dissected out 

and placed on an optical window during imaging. The samples were encompassed in embryo culture media to 

preserve the integrity of the delicate embryo tissues. The optical window was attached to a piezoelectric 

bender, which vibrated the optical window at 1 kHz. M-C-mode imaging was performed with a phase-

sensitive spectral domain OCT system operating in the common-path configuration. Standard reverberant 

OCE processing steps were applied, and the local autocorrelation was fitted to the analytical solution of the 

reverberant shear field. The local shear wave speed was then mapped in 3D. The results in Figure 1 show that 

the stiffness of the spine, heart, and brain all increased as the embryo developed. 

 

Figure 1. (a) Average intensity projections of 3D OCT images, (b) snapshots of the reverberant shear field, and (c) local 

shear wave speed of regions highlighted in (a) of murine embryos at various developmental stages. 
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ABSTRACT  

Vibrational spectroscopy is a very helpful tool in the study of protein molecules. It gives information about 

secondary structure of protein molecules and can be efficient in the study of different function-related 

conformational changes that can occur in the molecule. For example, changes at higher (than the second) levels of 

the hierarchy of the protein structure can be manifested in vibrational spectra [1, 2]. 

Assignments of the spectral features to the vibrations that are correlated with the secondary structure elements are 

available in a lot of research databases. But the corresponding information on the tertiary structure of protein 

molecules is almost missing. Several approaches can be used to obtain such information. In this work, comparison 

of the spectra of proteins with similar secondary and different tertiary structures is used to detect spectral features 

that are related to the tertiary structure of a protein molecule. Comparative analysis of the spectra of native proteins 

and proteins that are thermally or chemically denatured is also carried out. Special attention is given to the tyrosine 

doublet (830 and 850 cm
-1

), the bands assigned to three basic conformations of disulfide bridges (510, 525, and 540 

cm
-1

), and low-frequency spectral interval. Using agents that provide cleavage of disulfide bonds, we can detect 

spectral changes resulting from the changes at higher levels of the hierarchy of the protein structure. The 

experimental results show that spectral intervals of 140-470, 500-550, and 800-1000 cm
-1

 can be used in the study of 

changes of the tertiary structure of proteins. 
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ABSTRACT 

The objectives of this work were to diagnose and to analyze the results of the effects on dry albumin created by short 

powerful THz pulses. Also, the aim of the work was to experimentally determine the safe radiation dose in this range. The 

work is a logical extension of research in both laser physics [1] and biophysics [2]. 

The second task was to obtain and to describe from the point of view of nonlinear optics the generation of powerful 

homogeneous radiation in the THz range with a peak field value of at least 5MV/cm, as well as to assemble a setup for the 

characterization of THz pulses and for the subsequent biological experiment. 

We determined the optimal LiNbO3 crystal thickness =100 µm and the optimal pump radiation intensity - 1 GW/cm2. An 

optical system for generation of THz pulses with the following parameters was designed and assembled: THz pulse energy 

- 10 μJ; duration - 5 ps; peak field strength - 3 MV/cm, spectrum - from 0.3 to 6 THz with a maximum at 2-3 THz. The 

time profile of the 5 ps pulse and its spectrum were also obtained (see Figures a and b). In the experiment, we irradiated 

the dry tablets for 15 minutes each, then examined the induced changes in the UV transmission spectrum of the aqueous 

solution of the tablets - Fig c and d). Importantly, this is the first time that a test biological subject has been exposed to 

powerful short pulses, where half of the energy is contained at frequencies above 3 THz. 

The effect of THz radiation on albumin is confirmed by the systematic difference of the spectra for irradiated and non-

irradiated samples. We studied the dependence of the UV transmittance coefficient of albumin 1mg/ml water solution on 

the influence of THz pulses. We obtained qualitative repeatability of results for several measurements (plots c and d). It 

can be seen from the graphs that the effect is manifested by an increase in the transmittance of the solution by 2-5% in the 

range of 250-300 nm. It is likely that the changes in the structure of BSA leading to these results are due to the influence 

of submillimetre waves on aromatic acids. The influence of heating is absent or negligible because of very long (100 ms) 

interval between short pulses, the heat has time to dissipate. Further, due to the presumed ability to self-organise for 

protective purposes the effect does not persist. As for the safe dose, we estimate it to be 0.1 µJ/sq.mm per pulse for 10 min 

of irradiation at 10 Hz pulse frequency. 

(a)  

 

 
a b c d 

 
Figure 1: (a) Time profile of THz pulse detected by 100 um GaP crystal (b) Spectrum of THz pulse  

(c) Transmittance dependence for irradiated (red curve) and unirradiated (blue curve) samples (d) Transmittance dependence for 

irradiated samples on the day of the experiment (red curve) and after 19 days (orange curve). 
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ABSTRACT  

Optogenetics has revolutionized the field of neuromodulation by enabling the monitoring and control of neural cell 

activity through the expression of light-sensitive proteins, such as opsins and phytochromes. However, the high 

absorption of visible light by the skin and skull presents a major obstacle for non-invasive in vivo modulation of neurons 

[1]. In this study, we demonstrate a significant advancement in overcoming this challenge by employing long wavelength 

light sources and exploiting the nonlinear photoconversion properties of bacterial phytochrome. 

 

Our work shows the first two-photon photoconversion of new genetically engineered monomeric variants of 

phytochrome. Through a comprehensive analysis of the optical properties of monomeric and dimeric variants of DrBphP 

bacterial phytochrome, we gained a deeper understanding of the structural characteristics underlying their nonlinear 

features. Our experimental findings provide compelling evidence that the monomeric variant exhibits a notably higher 

efficiency in two-photon Pr→Pfr conversion by 1.2 µm laser radiation compared to the original dimeric form of 

phytochrome [2]. Two-photon conversion is shown in Figure 1 (a,b). The utilization of this specific wavelength, located 

in the second biological window, represents a remarkable breakthrough in the field of optogenetics due to the enhanced 

penetration through the skin, skull, and brain tissues. This advancement enables the two-photon conversion of 

phytochromes expressed in neurons and, consequently, facilitates the non-invasive in vivo stimulation of neuronal 

activity. 

 

Furthermore, we present the first-ever demonstration of two-photon fluorescence in both monomeric and dimeric variants 

using laser radiation at a wavelength range of 810-890 nm (Figure 1(c)). The excitation and fluorescence wavelengths 

utilized in this process are within the first biological windows, indicating the potential use of new monomeric 

Deinococcus radiodurans bacterial phytochrome as a sensitive biomarker for high-resolution imaging and early detection 

of neurological diseases.  

 

  

 

Figure 1: 1P and 2P Pr→Pfr conversion of (a) dimeric and (b) monomeric bacterial phytochromes;  

(c) 2P fluorescence at a wavelength of 720 nm depending on excitation wavelength. 
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ABSTRACT 

Growing attention to the profound changes that occur across the entire physiology of individuals with spinal cord injury 

(SCI) reveals profound knowledge gaps in our understanding of the temporal dimensions and magnitude of organ-

specific co-morbidities following SCI [1]. A typical complication of traumatic SCI is digestive tract dysfunction: early 

enteral insufficiency, neurogenic dysfunction of the small intestine and colon, etc.. Significant changes in bowel function 

after its sympathetic denervation are manifested by a violation of the absorption, secretory, barrier, evacuation, and 

immune functions [2,3]. In the future, this triggers a whole cascade of pathological processes that negatively affect both 

the intestine itself and metabolic processes throughout the body, causing the development of decubitus ulcers [4]. It is 

essential to understand and identify these broad pathophysiological changes in order to develop appropriate evidence-

based strategies for management by clinicians, caregivers and individuals living with SCI [1]. 

The aim of the study was to assess the dynamics of microcirculation and metabolic changes in the tissues of the small 

intestine in the acute period of spinal injury in experiment. Wistar rats (n=20) were used to simulate spinal injury by 

acute complete transection of the spinal cord at the level of Th5-Th6 vertebrae. Changes in the vascular network of the 

intestinal wall, as well as metabolic changes in the cells of the intestinal mucosa were determined 3 and 24 hours after 

injury. Two animals were included in the control group; intestine samples were taken from them for histological 

examination without modeling spinal injury. To visualize blood vessels, the optical coherence tomograph with 

angiography mode (OCTA) was used. Intramural blood circulation was studied from the side of the serous membrane by 

placing an OCTA probe in contact with the tissue surface and transilluminating the entire wall to the intestinal lumen. 

The parameters of OCTA images, which were obtained before intestine sympathectomy, were taken as normal. 

Metabolism was assessed ex vivo immediately after tissue sampling using fluorescence time-resolved microscopy 

(FLIM) in the spectral channel of the metabolic cofactor NAD(P)H. 

The results showed that, after sympathectomy, changes in functioning of intramural blood vessels were observed with a 

high statistical significance. The occurrence of trauma-induced constriction of the blood vessels led to an especially 

pronounced decrease in the length of small-caliber (<30 µm) blood vessels 3 hours after injury (p < 10
−5

) and in the 

length of small (<30 µm) and medium (30-65 µm) blood vessels 24 hours after injury (p < 10
−4

) compared to their initial 

state. Therefore, the tissues of the intestinal wall are in a state of ischemia, which gradually increases over time. 

Remarkably, OCTA modality provides the unique ability for real time detection of changes in functional status of the 

tissues, long before they become visible on histology. The fact is that in the most cases histological examination did not 

allow assessing the dynamic changes in the vascular network and detected only more pronounced acute discirculatory 

disorders 24 hours after the spinal injury. 

The acute period of spinal cord injury is accompanied by a change in the endogenous autofluorescence of the mucous 

membrane of the small intestine: in 3 h after injury a statistically significant (p=0.0001) decrease (to 1.05 [1.01; 1.09] ns 

vs 1.17 [1.12; 1.20] ns before injury) in the mean fluorescence lifetime (τm) was recorded, but in 24 h after injury τm had a 

statistically significant (p=0.0001) upward trend (1.23 [1.19; 1.27] ns) relative to the two previous indicators. The 

percentage contribution of the short component (a1) in the mucous layer of the intestinal wall 3 hours after the spinal 

injury increased in comparison with the intact intestine from 73.4 [72.1; 74.8]% to 80.8 [79.6; 81.9]% (p=0.0001) and 

decreased to 76.1 [75.0; 78.0]% after 24 hours (p=0.0001). The data obtained indicate a change in metabolism in the 

tissues of the small intestine after spinal cord injury. 

The proposed combination of two methods (OCTA and FLIM) can be used in further experiments to clarify the 

mechanisms of changes in intestinal blood circulation and metabolism in response to trauma of the nervous system. 

This research was funded by the Russian Science Foundation, grant number 19-75-10096. 
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ABSTRACT 

Involvement of the blood microcirculation system in many functions of the body leads to the fact that the 

microcirculatory bed is one of the first links in the pathogenesis of various diseases, such as diabetes mellitus (DM). The 

aim of the present work was to improve the quality of diagnostics of peripheral blood flow disorders by developing a 

diagnostic method based on a distributed system of wearable laser Doppler flowmetry (LDF) devices without the use of 

functional tests. 

In the present work, we conducted a study involving patients with diagnosed type 2 DM [1], conditionally healthy 

volunteers of different age groups [2] and patients undergoing rehabilitation after COVID-19 coronavirus infection [3]. 

The study consisted of a 10-minute recording of LDF signals simultaneously in the upper and lower limbs without the 

use of functional tests. Distributed system of wearable analyzers “LAZMA PF” (SPE “LAZMA” Ltd.) was used for 

registration of LDF signals. The devices were placed on the dorsal surface of wrists, the volar surface of the of fingers 

and toes and the inner surface of the upper third of the shins. During the measurement. patients were placed in the supine 

position. 

The results of the study revealed an increase in the index of microcirculation (Im, p.u.) and a decrease in the regulatory 

activity of blood flow with aging. In patients with DM the decrease in the level of Im and nutritive blood flow (Imn, p.u.) 

in the toe area and an increase in these parameters in the wrist area compared to the control group. Also, patients were 

characterized by decreased myogenic tone in the wrists and decreased contribution of the endothelial oscillations in the 

total power of the LDF wavelet spectrum in the upper and lower extremities. The contribution of pulse oscillations was 

elevated in patients in the feet, which may indicate an increase in the vascular wall stiffness. The findings in the wrists 

may indicate that the body is attempting to compensate for the disturbances in the microcirculation by activating nutritive 

blood flow and increasing the number of functioning capillaries. Patients with long COVID-19 syndrome were 

characterized by decreased values of Im and Imn, as well as increased total oscillatory activity of blood flow in both upper 

and lower extremities. 

Thus, the developed approach to diagnostics of peripheral blood flow disorders, based on the use of wearable LDF 

analyzers, has been tested in clinical conditions and demonstrated the ability to detect peripheral blood flow disorders in 

various pathological conditions. 

The study was supported by the Russian Science Foundation grant № 23-25-00522. 
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ABSTRACT 

 

Hemoglobin (Hb) is the main protein in the human blood, responsible for oxygen transport in the body, thus, the 

assessment of the total Hb concentration in the patient’s blood is of high importance. Especially, correct estimation of Hb 

blood concentration is important to detect the decreased level of total hemoglobin (anemia), as it affects approximately 

~30% of woman and children [1], while undiagnosed or improperly treated anemia can lead to adverse outcomes and 

significant reduction of the life quality [1].  

Recently, a large number of works have demonstrated the optical approaches being capable to non-invasively quantitate 

blood hemoglobin level, including RGB imaging of the conjunctiva [2], analysis of images of the fundus and external eye 

[3,4], analysis of photographic images of human nails [5], analysis of photoplethysmography data. Despite a large 

number of similar works, and even start-ups offering non-invasive determination of hemoglobin using smartphone camer, 

the real accuracy of such approaches is still difficult to determine, since original works are usually overoptimistic in the 

level of error of the proposed method, which is then not confirmed in independent works. comparing different approaches 

[6]. 

One source of error in most optical techniques may be that the detected optical response of the tissues used to determine 

the hemoglobin level is simultaneously related to the absorption and scattering of light by the tissues. For a more accurate 

assessment of the absorption coefficient of tissue chromophores, and in particular, hemoglobin, we suggest using the 

spatial frequency domain imaging method for the subsequent assessment of hemoglobin content in blood. In this report, 

we will discuss what levels of error can be achieved using this technique, as well as compare it with other optical 

methods for determining the level of hemoglobin in tissues. 

The work was supported by the Russian Science Foundation (grant No. 22-25-00759). 
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ABSTRACT 

Low-frequency (10–200 cm
-1

) Raman (LF Raman) spectroscopy provides information on high amplitude 

molecular motions, motions of parts of molecules and collective motions involving several molecules. Recently, it has 

been shown that the ratio of integral intensities of the LF Raman spectra to the high-frequency one can be used as an 

indicator of dynamic disorder and compactization for two classes of materials: -conjugated organic semiconductors 

(OSs) - promising for the use in organic electronic devices, and nucleic acids, DNA and RNA, responsible for the vitally 

important functions of storage, transmission and realization of the genetic information.  

The use of OS in high-performance organic electronic devices requires a high mobility of charge carriers, 

calling for rational design and efficient screening of new high-mobility OS materials. Indeed, high-amplitude 

intermolecular vibrations in OSs cause dynamic disorder - fluctuations of the charge transfer integrals between the 

molecules - which disrupts charge delocalization between the molecules and reduces the charge-carrier mobility. It has 

been established that the Raman intensities of LF modes are related to the contribution of these modes to dynamic 

disorder [1, 2]. The relative intensity of  LF Raman modes shows the lower values in the OSs with a lower dynamic 

disorder.  The corresponding, LF Raman-based approach to probing dynamic disorder has been demonstrated on various 

OS representatives: four series of oligomeric OSs - polyenes, oligofurans, oligoacenes, and heteroacenes [1]; derivatives 

of naphthalenediimides [2]; crystalline OSs consisting of π-isoelectronic small molecules (i.e., having the same number 

of π-electrons) [3]; co-oligomers of thiophene-phenylene CF3-PTTP-CF3 and its substituted derivative [4]. As a result, we 

have formulated a spectroscopic method for a fast and non-contact assessment of the charge-carrier mobility in 

crystalline OS [5]. We expect that the proposed approach will provide a simple and practical way to rapidly screen 

among many others OS with high charge mobility prior to their study in electronic devices. 

 One of the parameters of biomolecules that is important for the integrity of hereditary information and its 

transmission during cellular processes is the compactization of a biomolecule [6]. It is expected that the relative intensity 

of the LF Raman spectra of DNA and RNA can be an indicator of their compactization, since in more compact molecules 

the amplitude of larger-scale molecular motions corresponding to the LF region of the Raman spectra is lower. This is 

shown for the samples of DNA with different compactization: “cut” and supercoiled DNA and ribosomal and “relaxed” 

RNA. We also track the changes in the DNA and ribosome spectra with time and find that for the former, a clear decrease 

of the LF intensity associated with solvent evaporation and denser packing is observed, while for the RNA, the spectrum 

changes only slightly because of the inherent compactization of the ribosome. 

 Briefly, we show that LF Raman spectroscopy is a powerful tool for predicting and estimating the most 

important parameters for OS (carrier mobility) and DNA/RNA (molecular compactization). 
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Stroke therapy requires precise delivery of potentially neuro-and vasoprotective drugs to the affected area in the 

brain. Conventional drug administration often results in unintended systemic side effects since the effective 

concentration in the injured tissue should be high enough. The skull bone is selectively transparent for IR light. 

Therefore, laser induced drug release allows for localized administration, reduces the systemic distribution of the 

compound and minimizes the side effects in non-targeted tissues. Nimodipine  (NIMO) is an L-type calcium 

channel blocker specifically used in the treatment of certain types of hemorrhagic stroke. We have shown in 

various animal models that local application of NIMO accelerates the recovery of  blood flow in the injured 

brain and enhances the reestablishment of neurovascular coupling [1]. Furthermore, it was also presented that the 

biocompatible poly(ethylene succinate) (PES) polyester is a promising candidate  as a drug delivery system 

(DDS) for the poorly water-soluble NIMO [2]. Its melting temperature (38.4 °C) is close to the human body 

temperature so minimal local heat treatment which can easily induced by gold nanorods (GNRs) based 

photothermal therapy [3] allows the release of the encapsulated NIMO.  

Materials and methods: The polymeric (PES) component of the DDS was synthetized by direct melt 

polycondensation method using ethylene glycol and succinic acid monomers [2,5], while the GNRs was 

prepared according to the well-known wet-chemical synthesis method of Luis M. Liz-Marzán [5]. Encapsulated 

form of NIMO into the obtained PES polyester was prepared by using precipitation method in the presence of 

GNRs [2]. Beside the structural (IR, NMR, XRD, etc.) and morphological (TEM, SEM, DLS) characterization of 

the DDS the thermoanalytical (TG and DSC), colloidal stability and drug release properties of the samples were 

also investigated.  

Results: Laser induced drug release can be performed in non-invasive manner and can reduce the associated 

risks and complications. In this work the NIMO drug was encapsulated into biocompatible PES polymeric 

nanoparticles (encapsulation efficiency >90%) loaded with GNRs. The successful polycondensation of the PES 

polyester with Mw = 5046 g/mol molecular weight (determined by GPC) was confirmed by FTIR and NMR 

measurements. It was also presented that the GNRs with aspect ratio (AT) of 5,78 ± 0,98 nm have a strong 

absorption peak at = 1140 nm, thus, the rods can be excited with a NIR laser. As a result, a significant increase 

in temperature (even up to T=20 °C), which can be controlled by the laser intensity, could be induced in the 

aqueous dispersion. At elevated (T > 38.4 °C) temperature ensured by the laser irradiation of the embedded 

GNRs the PES polyester was melted, and the spherical structure of the particles were disintegrated. This laser 

induced heat generation was also manifested in the release properties of the DDS according to the in vitro tests.  

It is important to note that while laser-induced drug release holds promise in stroke therapy, further research and 

development are still needed to optimize its efficacy, safety applicability in preclinical settings.  
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ABSTRACT 

Appearance is important for each person, and, even today, when medicine and cosmetology are well developed, several 

tasks require specific consideration. In particular, the question arises, can a denture completely replace a natural tooth? In 

this regard, unresolved problems exist in dental prosthetics. One of them is to mimic the natural fluorescence of the tooth. 

To imitate natural fluorescence, a zirconia denture is usually coated with special dyes and glazes [1]. The three most 

commonly used fluorescent materials are Lava Ultimate polymer with ceramic nanofiller, Lava Plus tetragonal zirconia, 

and Lava Esthetic zirconia. The fluorescence of Lava Ultimate is characterized by two lines peaked at 482 and 435 nm. 

The other two materials have one fluorescent line peaked at 435 nm. Lava Esthetic material has the highest fluorescence 

intensity [2]. However, during firing and aging of ceramic prostheses, they start losing their fluorescence properties, 

which is their significant drawback. 

On the other hand, the selection of materials for tooth covering nay involve quantitative comparison of their fluorescent 

characteristics. This requires the development of a technique for reproducible fluorescence spectroscopy of natural teeth 

and dentures. 

In this work we propose an experimental setup and a method for processing of the fluorescence spectra of teeth, which 

allows quantitative comparison. Spectra of natural teeth of healthy donors of different ages were measured. The spectra 

were compared under excitation of similar areas of different teeth and different parts of the same tooth (distal and 

occlusal surfaces). The excitation of each area was carried out without focusing of radiation on the surface of the tooth. 

A DORS 115 lamp with a maximum radiation intensity at a wavelength of 366 nm and a bandwidth of about 16 nm was 

used as a source of UV excitation. The sample was fixed under a lamp, and scattered and fluorescent light was collected 

by an optical fiber connected to the input port of the Ocean Insight HR4000 spectrometer. The measurements were 

performed in a spectral interval of 200–1100 nm with a spectral resolution of about 0.7 nm. 

Figure compares two fluorescence spectra of one molar tooth under excitation of its. The spectra are shifted along the 

vertical axis so that the mean signal in a spectral interval of 200–250 nm is zero. In addition, the spectra are normalized 

to the intensity of the line at a wavelength of about 360 nm, which results from the Rayleigh scattering of the excitation 

radiation by the sample. Since the intensity of the Rayleigh scattering is much greater than the fluorescence intensity and 

weakly depends on a specific sample, the processing makes it possible to quantitatively compare fluorescence intensities 

of different samples. It can be seen that the fluorescence intensity of the end face of the tooth is approximately 1.3 times 

higher than the fluorescence intensity of its lateral surface. 

The paper discusses the results of measurements of the fluorescence spectra of different parts of the teeth of different 

donors. 

This work was supported in part by the Russian Science Foundation (project no. 21-78-10077).  

 

 

Figure: Fluorescence spectra of a molar tooth of an 

adult donor in the occlusal (end) and distal (lateral) 

areas under excitation with a DORS 115 UV lamp 
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ABSTRACT 

 

Currently, one of the most accessible methods for the initial assessment of the human body state is a blood test. One of 

the promising highly selective methods that provide analyzing the component features of biological objects at the 

molecular level is surface-enhanced Raman spectroscopy (SERS). However, the use of SERS in practical applications is 

complicated by the risk of insufficient reproducibility associated with the inhomogeneity of the electromagnetic field 

amplification, the appearance of the blinking effect, and complicated sample preparation. Moreover, in case of 

multicomponent media, the obtained Raman characteristics are not a linear combination of the spectral contribution of all 

compounds that make up the tested complex. Therefore, the spectra of body fluids are a combination of the spectral 

contribution of all analytes, characterized by multicollinearity and nonlinearity. Therefore, the analysis of the spectral 

characteristics of body fluids is associated with the problem of multiple spectrum overlaps. Current methods for 

interpreting Raman characteristics are based on multivariate analysis, including chemometric methods [1] and deep 

learning methods [2]. However, it should be noted that most of the works are focused on the classification of Raman 

spectra according to a specific attribute, while the selection of the spectral contribution of a particular analyte to the 

spectrum of the medium and the assessment of its content remains an urgent task in the analysis of the structural and 

component features of biofluids in medical physics.  

In the current study, a database of experimental data was formed based on the registration of the spectral characteristics 

of the serum and blood plasma of patients with chronic kidney disease, patients with chronic heart failure, conditionally 

healthy subjects using spectral analysis based on surface-enhanced Raman scattering (more than 600 spectra). A 

comparative analysis of the multivariate approach (based on the method of projection to latent structures) and the 

approach involving deep learning (based on a convolutional neural network) for the recognition of SERS spectra of 

serum and plasma was performed using the example of the problem of sample discrimination by the presence/absence of 

fibrinogen and the tasks of regression of the content of total protein, urea and creatinine. The interpretation of the 

constructed classification and regression models is presented to reduce the problem of overfitting and the "black box" of 

multivariate analysis of the Raman characteristics of multicomponent biological media. The separation of the spectral 

contribution of creatinine in the bands 630 - 650 cm
-1

, 720 - 750 cm
-1

, 1380 - 1415 cm
-1

 and the spectral contribution of 

urea in the bands 720 - 750 cm
-1

, 990-1030 cm
-1

 was demonstrated. In general, the proposed method for recognition and 

interpretation of the Raman spectra of biofluids of the human body can be widely used in biomedical applications, in 

particular in the field of liquid biopsy. 
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ABSTRACT

Brain functional optical imaging plays an important role in neuroscience because of its high spatial and temporal
resolution. Multi-mode optical imaging methods is becoming a powerful tool for exploring changes in brain function
with its characteristics of multi-parameter simultaneous measurement. In this paper, we present a multi-modal imaging
system based on invasive gradient index (GRIN) lens, which combines GCaMP6 fluorescence imaging and laser speckle
contrast imaging (LSCI) in deep brain regions through a head-mounted microscopic imaging system. It allows
simultaneous detection of the relative changes of neural activity and cerebral blood flow (CBF) in the deep brain region,
the electrophysiological signal in the cortex and the body movement information. Using this system, we successfully
recorded GCaMP6 fluorescent signals and cerebral blood flow from the ventral posteromedial nucleus (VPM) in
thalamus of a head-restrained mouse during cortical spreading depression (CSD).

KEY WORDS: multi-modal optical imaging; micro-endoscope; thalamus; deep brain

Figure1: Optical system for VPM fluorescence imaging in awake animals. (A)Schematic of the imaging system. (B-C) Schematic of
implantation of the GRIN lens and chronic electrode. The 3D model was obtained from the Allen brain atlas. (D) Head-fixed setup

with an infrared camera for motion detection .(E) Brain slices matching the standard mouse brain atlas
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ABSTRACT 

Nowaday, an approach based on the use of small bioactives are highly promising [1].  However, there is still a 

problem of the lack of an effective method for their delivery with a controlled release period, their accumulation and 

excretion. The use of nanoparticles makes it possible to control the release of bioactive molecules and improve their 

delivery to liver cells. Modern fluorescence bioimaging. In addition, the use of the model of precision-cut liver 

slices made it possible to screen several types of nanoparticles, excluding the individual contribution of the animal 

organism, simplifying the analysis and interpretation of the results. 

Precision-cut liver slices were obtained using vibrating microtome 7000 cm3-2 was based on the protocol of Pearen 

et al. [2], and were placed in 12-well plate with a standard CO2-conditioned form of DMEM supplemented with 0.1 

μm of dexamethasone and 10% FBS. Next, cultivation was carried out in DMEM medium with the addition of 

nanoparticles at a concentration of 50 and 100 mg/ml and incubated for 3, 24, and 48 hours. All obtained tissue 

explants were preincubated for 1 h in DMEM medium on an orbital shaker (90 rpm). The average size of all 

nanoparticles was 100 nm. Gold nanoparticles in the form of nanorods were synthesized based on seed mediated 

mechanism. The synthesis of SiO2 nanoparticles was carried out using the sol-gel method. Polylactide (PLA) 

nanoparticles were synthesed by single-emulsion solvent extraction. All nanoparticles were modified with a Cy 5 

fluorescent label. Liver slices were stained with LysoTracker Yellow HCK-123 and Phalloidin FITC. Using 

multiphoton microscopy, we assessed the tissue structure of liver slices, and visualized cellular ultrastructures 

stained with fluorescent dyes. Additionally, X-ray microtomography were used for analyzing the distribution of 

nanoparticles. Using FLIM, we analyzed the metabolic state of hepatocytes based on fluorescence lifetime 

contributions of the free and bound forms of NADH and NADPH. 

As a result, of those types of nanoparticles (SiO2, gold, and PLA), PLA nanoparticles are the most promising for 

developing a new approach to stimulating regeneration. PLA nanoparticles accumulated most effectively in liver 

cells, mainly in the cytoplasm of hepatocytes. Also, using FLIM, we revealed low cytotoxicity of PLA 

nanoparticles, due to the relative contributions of fluorescence lifetimes of bound form of NADH and NADPH did 

not differ significantly from control values. The obtained results will became a basis for further development of a 

strategy to stimulate liver regeneration based on nanoparticles modified with biomolecules. 

The work was supported by the Grant from the Russian Science Foundation №23-25-00100. 
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ABSTRACT 

Abuse with hepatotoxic agents is a major cause of acute liver failure. The search for new criteria indicating the acute 

or chronic pathological processes is still a challenging issue that requires the selection of effective tools and a 

research models. Modern label-free methods of multiphoton microscopy with second harmonic generation (SHG) 

and fluorescence lifetime imaging microscopy (FLIM) expand the possibilities of studying the structural and 

functional state of liver tissue at the cellular level [1]. The aim of this work is to identify characteristic changes in 

the metabolic state of hepatocytes in precision-cut liver slices under toxic damage by the most common toxins - 

ethanol, carbon tetrachloride (CCl4) and acetaminophen (APAP), commonly known as paracetamol.  

Vibrating microtome 7000 cm3-2 was used to obtain liver slices using the protocol of Pearen et al. [2], and were 

placed in separate wells of a 12-well plate with a standard CO2-conditioned form of DMEM supplemented with 0.1 

μm of dexamethasone and 10% FBS, and incubated at 37 °C on orbital shaker (90 rpm). To induce APAP toxic 

damage, the liver slices were placed for 3 h in a 10 mM solution of APAP diluted in DMEM. To induce ethanol 

toxic damage, liver slices were placed for 3 h in 25 mM ethanol diluted in DMEM. For the CCl4 model the liver 

slices were incubated for 3 h with 2 mL standard culture medium, and a piece of filter paper soaked in 10 µL of 

CCl4 was attached to the lid of the 12-well plates. As a control, we used liver slices cultivated in DMEM without 

toxins. Monitoring were performed after 3 h, 24 h and 48 h of incubation. Using FLIM, we analyzed the metabolic 

state of hepatocytes based on fluorescence lifetime contributions of the free and bound forms of NADH and 

NADPH. 

We have determined characteristic optical criteria for toxic liver damage, and these turn out to be specific for each 

toxic agent, reflecting the underlying pathological mechanisms of toxicity. Multiphoton microscopy revealed 

damaged liver cells with high and low NAD(P)H autofluorescence intensity. We also showed, that exposure to 

APAP increases the contribution of the bound form of NAD(P)H, while exposure to ethanol and CCl4 showed a 

significant decrease in the contribution of the bound form of NAD(P)H, which reflects differences in the 

mechanisms of damage by each toxic agent. The results obtained are consistent with standard methods of molecular 

and morphological analysis. Thus, our approach, based on optical biomedical imaging, is effective for intravital 

monitoring of the state of liver tissue in the case of toxic damage or even in cases of acute liver injury. 

The work was supported by the Grant from the Russian Science Foundation №22-25-00098. 
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ABSTRACT 

Currently, the development of new methods for delivering bioactive molecules to the liver tissue to stimulate hepatic 

regeneration remains an urgent task [1]. The most promising approach is the use of nanoparticles as delivery 

systems. Application of label-free methods of multiphoton microscopy, second harmonic generation (SHG) and 

time-resolved FLIM microscopy will expand the possibilities of analyzing the metabolic state of hepatocytes. In 

addition, the use of the model of precision-cut liver slices made it possible to screen several types of nanoparticles, 

excluding the individual contribution of the animal organism, simplifying the analysis and interpretation of the 

results. In addition, the model of precision-cut liver slices, will allow simultaneous testing of different types of 

nanoparticles, excluding the individual contribution of the animal organism. 

Vibrating microtome 7000 cm3-2 was used to obtain liver slices using the protocol of Pearen et al. [2], and were 

placed in separate wells of a 12-well plate with a standard CO2-conditioned form of DMEM supplemented with 0.1 

μm of dexamethasone and 10% FBS. Next, cultivation was carried out in DMEM medium with the addition of 

nanoparticles at a concentration of 50 and 100 mg/ml and incubated for 3, 24, and 48 hours. All obtained tissue 

explants were preincubated for 1 h in DMEM medium on an orbital shaker (90 rpm). Gold nanoparticles with a size 

of 100-120 nm in the form of nanorods were synthesized using a standard protocol based on seed mediated 

mechanism. The synthesis of SiO2 nanoparticles with a size of 20-100 nm was carried out using the sol-gel method. 

Polylactide (PLA) nanoparticles with a size of 100 nm are tested by single-emulsion solvent extraction. All 

nanoparticles were modified with a Cy 5 fluorescent label. Liver slices were stained with LysoTracker Yellow 

HCK-123 and Phalloidin FITC. Using multiphoton microscopy, we assessed the tissue structure of liver slices. 

Using FLIM, we analyzed the metabolic state of hepatocytes based on fluorescence lifetime contributions of the free 

and bound forms of NADH and NADPH. 

As a result, SiO2 showed low accumulation in the liver cells and, at the same time, low cytotoxicity. Gold 

nanoparticles showed effective accumulation in liver cells, however, its had strong cytotoxic effect on liver cells. 

Finally, polylactide nanoparticles showed high accumulation in liver cells, mainly in the cytoplasm of hepatocytes. 

Using FLIM, we revealed low cytotoxicity of PLA nanoparticles, due to the relative contributions of fluorescence 

lifetimes of bound form of NADH and NADPH did not differ significantly from control values. Thus, PLA 

nanoparticles seem to be the most promising for further development of a strategy for stimulating liver regeneration 

using nanoparticles modified by bioactive molecules. Based on the obtained data, we will select the appropriate 

miRNAs that stimulate liver regeneration. 

The work was supported by the Grant from the Russian Science Foundation №23-15-00421. 
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ABSTRACT 

 

The photon propagation and distribution in biological tissue were measured experimentally utilizing time-resolved 

spectroscopy. The exvivo measurements were done laterally for backscattering and for transmission through tissue. The 

created method allows measurements for frontal propagation in different thicknesses as well as within different distances, 

as schematically represented in Fig. 1.  

The photon time-of-flight (PTOF) measurement method was utilized in this study. The set-up consisted of a picosecond 

Fianium white laser, a hybrid detector, processing card SPC-150 from Becker&Hickl, a set of interference filters, and a 

fiber holding system.  

Remitted picosecond laser pulses have been detected at variable input-output fiber distances and tissue thickness in the 

spectral range 560 - 800 nm, with subsequent analysis of photon path length and light propagation in tissue. The 

measurements were taken from the skin and brain.  Parameters related to the remitted photons, mean path length –  will 

be presented and analyzed for skin, and brain tissue. 

 

 

 

 
Figure 1: Schematic of measurement method (a) Lateral backscattering and transmitted photon propagation through tissue, (b) 

Photon backscattering propagation through tissue for lateral measurements. 
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ABSTRACT  

Transdermal drug delivery by ethosomes through skin barriers is effective method of combating dermatological 

and cosmetological problems. The ethosomes synthesized by us consist of clinically approved drugs: methylene 

blue (MB), lecithin, ethanol and water. The MB under light exposure with a wavelength 660 nm is released. On 

the one hand, MB is a good antioxidant, on the other hand, for the destruction of scar formations and aged skin 

areas is used. MB ethosomes was synthesized and their delivery method through stratum corneum (SC) was tested. 

The nanocarriers disrupt lipid barrier intercellular interactions and penetrate in the depth. The experiment on 

pork and human skin confirmed obtained results.  

 

There is a noninvasive drug delivery problem trough protective skin barrier in dermatology and cosmetology. The lipid 

nanocarriers such as ethosomes in combination with photodynamic therapy (PDT) are offer for the problem solution [1]. 

The ethosomes with MB through SC are penetrate, further using light exposure with a wavelength 660 nm are disturbed. 

During aging inflammatory processes, occur in cells. The cells activity leading to the inflammation activation by 

restoring the mitochondria respiratory chain inhibits by MB [2]. In this case, radiation is either not carried out, or in small 

doses to cause apoptosis. As is known, apoptosis does not cause an inflammatory reaction. Active cells destruction 

simultaneously occurring at high doses enhances neoangiogenesis.  

The particular aims of the work were MB ethosomes synthesis, obtain nanocarriers with a neutral ζ-potential, 

investigation their spectral-fluorescent characteristics and penetration depth, anti-aged method development through 

nanocarriers with PDT. 

(d) 

Figures: (a) ethosomes neutral ζ-potential using a zeta-meter (b) the particle sizes by DLS (c) spectral-fluorescent diagnostics of 

skin with acne before and after application with ethosomes (d) schematic representation of ethosome. 

The MB ethosomes with neutral ζ-potential was sensitized. The neutral charge allows for deeper penetration trough SC. 

In addition, their sizes and spectrum-fluorescent characteristics were described. Transdermal delivery MB through 

nanocarriers and PDT for anti-aged treatment can be perspective.  
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ABSTRACT  

Reduced nicotinamide adenine dinucleotide (NADH) and flavin adenine dinucleotide (FAD) are important coenzymes 

involved in regulation of living cell metabolism and are actively used nowadays for non-invasive monitoring of living 

cells with FLIM [1]. However, the relationship between fundamental photophysical properties of these coenzymes and 

biochemical factors is still far from being understood [2, 3]. In this paper, comprehensive studies of fluorescence 

quantum yield and fluorescence decay times in NADH and FAD under one- and two-photon excitation in water–

methanol, water–ethanol and water–propylene glycol solutions have been carried out. The aim of this study was to 

characterize the processes of nonradiative excited states relaxation in FAD and NADH and analyze the influence of 

intramolecular and microenvironmental properties on the rate of this processes. 

The main results obtained were as follows. The quantum yield of NADH and FAD as a function of alcohols 

concentrations in solution is shown in (Fig. 1 a)-c)).  

 
(a) 

 
(b) 

 

 
(c) 

 
Figure 1: Fluorescence quantum yield in NADH (blue squares) and FAD (green circles) as a function of (a) methanol, (b) ethanol, 

and (c) propylene glycol concentration.  

The quantum yield of both coenzymes increased with ethanol, methanol and propylene glycol concentration. As can be 

seen in (Fig. 1 a)-c)) a significant difference was observed between the behaviors of NADH and FAD fluorescence 

quantum yields. Fluorescence decay times 1 and 2 in NADH increased with alcohol concentrations, while both 

fluorescence decay times in FAD did not change significantly. The experimental results were analyzed using a novel 

theoretical model based on the quantum mechanical theory. This model allowed us to separate the contribution of several 

relaxation pathways in NADH and FAD excited states: relatively slow nanosecond and much faster picosecond 

processes. It was shown that an increase of fluorescence quantum yield in NADH with methanol and ethanol 

concentrations was due to change in the rate of relatively slow nanosecond nonradiative relaxation associated with the 

interaction of NADH with solvent molecules and with change in the NADH conformational composition. At the same 

time, a decrease in the efficiency of fast picosecond quenching in NADH at high propylene glycol concentrations was 

found that was explained by a slowdown in the rate of fast intramolecular singlet-triplet conversion and/or nonadiabatic 

electron transitions in high viscosity solutions. In the case of FAD, the significant increase in the fluorescence quantum 

yield with alcohols concentration in solution was mainly due to the decrease in efficiency of the rapid picosecond 

quenching that was caused by an electron transfer in the excited state. These processes in FAD occur due to π-stacking 

between adenine and isoalloxazine [2]. As a results, a significant difference in the dynamic processes occurring in the 

excited states of NADH and FAD during photo-excitation was demonstrated. 

This research was funded by Russian Science Foundation, grant number 23-22-00230. 
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ABSTRACT 

Alzheimer’s disease (AD) is one cause of dementia associated with progressive associated with damages of neurons 

responsible for memory, language and thinking. With the increase in the aging population worldwide, AD has become a 

rapidly increasing public health concern. However, pharmacological therapies for AD have failed to show effectiveness 

and safety. Therefore, the search for non-pharmacological strategies for therapy of AD is an urgent problem in medicine. 

The meningeal lymphatic vessels (MLVs) plays an important role in resistance to the progression of AD. The 

development of methods for augmentation of functions of MLVs may contribute to progress in AD therapy. There is 

evidence that beta-amyloid (Aß) is excreted from brain tissues through the meningeal lymphatic vessels, which are 

activated during sleep. Photobiomodulation (PBM) is considered to be a non-pharmacological and safe approach for AD 

therapy. Based on these facts, we assume that PBM-stimulation of lymphatic removal of Aß during sleep may increase 

resistance to AD in mice. 

To test our hypothesis, we studied the therapeutic effects of PBM during wakefulness and sleep in male mice (20-25 g, 3 

month age) with the injected model of AD and in healthy animals. A fiber Bragg grating wavelength-locked high-power 

laser diode (LD-1267-FBG-350, Innolume, Dortmund, Germany) emitting at 1267 nm was used as a source of 

irradiation. PBM was used as a single laser dose of 9 J/cm
2
 (on the skull) and 3 J/cm

2
 on the brain surface or the PBM 

course at 81 J/cm
2
 during 9 days. A two-channel cortical EEG/one-channel electromyogram was used for monitoring of 

wakefulness, non-rapid eye movement (NREM) and rapid eye movement sleep. The ex vivo confocal imaging of the 

whole brain and the deep cervical lymph nodes (dcLNs) as well as immunohistochemical assay were used for the study 

of PBM-stimulation of lymphatic removal of Aß from the brain. Additionally, the object recognition test was performed 

for the study of recognition memory. 

In the first step, we analyzed the lymphatic removal of Aβ from the brain in healthy mice and with AD. Our findings 

revealed significant suppression of removal of fluorescent Aβ (FAβ) from the brain to dcLNs in mice with AD vs. 

healthy animals. In the second step, we studied the role of sleep in lymphatic removal of FAβ from the brain of healthy 

and AD mice. The results clearly demonstrate that the intensity of fluorescent signal from FAβ in dcLNs was much 

higher in mice injected with FAβ prior to sleep vs. awake mice received FAβ in the morning and who were not allowed 

to sleep during the day. The single PBM significantly increases lymphatic removal of FAβ that is more pronounced if 

PBM is applied during sleep vs. wakefulness. In the third step, we investigated the therapeutic effects of PBM during 

wakefulness and sleep under EEG control. The intensity of fluorescent signal from FAβ in dcLNs were higher in mice 

after PBM during NREM sleep vs. wakefulness. Our findings show also that recognition memory was decreased in AD 

mice vs. healthy animals that was improved after the PBM-course during NREM sleep better than after the PBM-course 

during wakefulness. There were no any changes in morphological characteristics of brain tissues after the course of PBM 

as well as in or in temperature on the skull after single application of PBM suggesting no side effects of PBM. 

Our findings clearly demonstrate that the course of PBM during NREM sleep vs. wakefulness has better therapeutic 

effects for AD providing the best lymphatic removal of Aβ from the brain that is associated with effective recovery of 

recognition memory in mice with AD. These pioneering data shed light on the restorative mechanism of sleep and are an 

important informative platform for the development of innovative smart technologies for therapy of AD during sleep. 

This study was supported by the RSF grant (23-75-30001) and RF Governmental grant no. 075-15-2022-1094. 
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ABSTRACT 

The possibility of obtaining high-purity, isotopically modified and nanostructured elemental substances 
29

Si, 
98

Mo, and 
100

Mo, as well as 
98

Mox
10

By compounds from volatile halides under conditions of laser optical breakdown of a pulsed 

Nd:YAG laser is shown. 

 

Currently, research in the field of developing new methods for obtaining high-purity, isotopically modified and 

nanostructured substances is being actively conducted. Interest in Si and Mo combining these forms has noticeably 

increased. 

In nuclear medicine, 
29

Si-enriched nanoparticles can be used as contrast agents in magnetic resonance imaging (MRI), 

and 
98

Mo and 
100

Mo isotopes can be used to obtain the unstable 
99m

Tc radioisotope. These applications do not require 

large amounts of isotopically modified Si and Mo. Their obtaining belongs to the problems of small chemistry. When 

obtaining isotopically modified Si and Mo, it is expedient to use their volatile fluorides, for which technologies of isotope 

enrichment and deep purification are well developed. These halides have high chemical and thermal stability; therefore, 

plasma-chemical methods based on the plasma of a pulsed discharge generated by laser breakdown can be promising for 

separating 
29

Si, 
98

Mo, and 
100

Mo from them. Laser breakdown in H2+Ar+SiF4 and H2+Ar+MoF6 mixtures in various 

stoichiometric ratios in the pressure range 30–760 Torr was carried out using a pulsed Nd:YAG laser. The pulse duration 

at a wavelength of 1064 nm was 15 ns, the repetition rate was 5 Hz. A pulse energy of 800 mJ was focused by a lens with 

a focal length of 5 cm. The energy density at the focus was 26 J/cm
3
. It has been shown that when using a mixture based 

on 29SiF4, the sample contains a 
29

Si crystalline phase with an average grain size of 30–50 nm (Fig. 1a). When using a 

mixture based on 
98

MoF6, the sample contains a 
98

Mo crystalline phase with an average grain size of 70–100 nm (Fig. 

1b). 

In this type of gas discharge, the possibility of forming superhard materials, isotopically modified molybdenum borides, 

was also studied. These substances in the form of nanosized particles have improved tribological properties. After 

ablation of metallic Mo in the H2 + BF3 mixture, the main phase was MoB2 in the form of a nanodispersed powder with 

an average grain size of 100 nm (Fig. 1c) [1]. 

A technique for modeling gas-dynamic and thermal conditions in a low-temperature chemically active plasma induced by 

laser breakdown is proposed. 

Using computational experiments, the features of gas mixture heating and the formation of nanoparticles in the LIBS 

reactor were studied. 

The work was supported by the state task of the Ministry of Science and Higher Education of the Russian Federation, 

topic No. 0095-2019-0008. 

 

 

 
(a) 

  
(b) 

 
(c) 

 
Figure 1. (a) Microstructure of 29Si (b) Microstructure of 98Mo (c) Microstructure of 98Mo10B.  
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