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Chinese-Russian Workshop on Biophotonics and Biomedical Optics-2020 was held online from 
28 to 30 September 2020, with the aim of bringing together Russian and Chinese scientists, engineers 
and clinical researchers from various disciplines engaged in applying optics, photonics and imaging 
technologies to problems of biology and medicine. The scope of this bilateral Forum ranges from 
basic research to instrumentation engineering, biological and clinical studies. 
 
The topics of this Forum are broad and will cover (but not limited to) the following: 
• Optical Interactions with Tissue and Cells 
• Biomedical Spectroscopy, Microscopy and Imaging 
• Advanced Optical Techniques for Clinical Medicine 
• Optical Molecular Imaging 
• Multimodal Biomedical Imaging 
• Nano/Biophotonics  
• Photonics Therapeutics, Diagnostics and Instrumentations 
• Tissue Optical Clearing and Drug Delivery 
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Abstract 

Disease progression is associated with subtle changes in both cellular metabolism and extracellular matrix organization, 
especially at early stages [1, 2]. Therefore, detecting early changes of these components in a sensitive and accurate 
manner can serve as a powerful tool for prediction of diseases and better treatments. However, there are limited 
techniques that work well for this goal. Two-photon excited fluorescence (TPEF) has emerged as a powerful modality for 
high-resolution, label-free, quantitative assessments of metabolic activity[3, 4].Two key coenzymes actively involved in 
several important metabolic pathways, NAD(P)H and FAD, can provide endogenous fluorescence for these metabolic 
assessments[5]. Second harmonic generation (SHG) microscopy, another multi-photon modality, is an effective method 
for direct non-invasive, label-free imaging of collagen fibers (main components in extracellular matrix) in biological 
tissues at sub-micrometer resolution [6, 7].  

Inthis work, we use TPEF and SHG to acquire images from cells and collagen fibers, respectively, without the need for 
any exogenous labels. Based on these images, we have developed quantitative, multi-parametric measures, including 
optical redox ratio and mitochondrial clustering corresponding to cellular metabolic activity, as well as directional 
variance and fiberconcentration representative of collagen spatial organization. A combination of these quantitative 
metrics can provide systematic investigations of correlation between cells and matrix during progression of diseases. 

Figure 1 shows the TPEF images of coenzymes NAD(P)H and FAD within cardiomyocyte spheroids, and optical 
measures generated to quantify cellular metabolism. The merged image contains three different contrasts, including 
NADH, FAD and collagen fibers (Fig. 1a). Throughout this study, two optical measures are developed for 
characterization of cell metabolic activity. The first one is optical redox ratio defined as FAD/ (NADH + FAD) (Fig. 1d), 
which is generated on a per pixel basis relying on raw NADH (Fig. 1b) and FAD (Fig. 1c) images. Optical redox ratio 
reflects the reduction-oxidation events based on which cells optimize energy production to maintain cellular homeostasis 
through various metabolic pathways [8]. Meanwhile, mitochondria dynamically fuse and fissionto manage energy 
distributionor to protect the cell from insult[9]. To account for this, we develop the other optical metric which is 
corresponding to the spatial organization of mitochondria, named mitochondrial clustering, generated from the clone-
stamped map (Fig. 1e) of raw NADH image. Briefly, we acquire the power spectral density (PSD) curve (Fig. 1f) of the 
2D Fourier transformation of the clone-stamped image, and fit the curve to obtain the exponential power which is an 
indicator of the mitochondrial clustering level. 

 

Figure 1. Imaging and quantification of cellular metabolism. (a) Merged image of cardiomyocyte spheroids containing TPEF images 
of NADH (blue) and FAD (red), and SHG image of collagen fibers (green). (b) Raw NADH image. (c) Raw FAD image. (d) Redox 
ratio map defined as: FAD/ (NADH + FAD) on a per pixel basis. (e) The clone-stamping of raw NADH intensity image used for 

https://doi.org/10.24412/cl-36013-2020-1-8-9
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assessment of mitochondrial clustering. (f) The power spectral density (PSD) curve generated from the clone-stamped NADH image 
for acquisition of the exponential power, which is used as a quantitative measure of mitochondrial clustering level. Scale bar: 100 μm. 
Besides quantitative characterizations of cellular metabolism from TPEF images of coenzymes, we acquire SHG images 
of collagen fibers from mouse breast tissue (Fig. 2a), and quantify their spatial randomness and density. Directional 
variance, ranging between 0 and 1, is a measure of spatial alignment, with 0 corresponding to perfect parallel alignment, 
and 1 corresponding to complete randomness (Fig. 2b) [10, 11]. Fiber concentration, slightly different from fiber density, 
focuses more on the relationship among collagen fibers in localized regions. It is generated on a per pixel basis and 
ranges between 0 and 1, with 0 indicating no fibers in neighbouring regions of the assessed pixel, while 1 corresponding 
to full occupying by collagen fibers in neighbouring regions (Fig. 2c). 

 

Figure 2. Imaging and quantification of collagen fiber spatial organization.(a) Raw SHG intensity image of mouse breast tissue. (b) 
The pixel-wise directional variance map of the same field which reflects the fiber alignment. (c) The pixel-wise fiber concentration 

map. Scale bar: 50 μm. 

Overall, in this study we acquire TPEF and SHG images from both cells and extracellular matrix, relying on completely 
endogenous contrast. Especially, these label-free, high-resolution imaging modalities, along with highly-quantitative 
characterizations, enable a better understanding of cellular metabolic activity and collagen fiber organization. These 
optical biomarkers provide complementary insights into the functional and structural alterations at early stages of 
diseases, and offer opportunities to study interactions between cells and matrix as disease progresses. Thus, a 
combination of them might serve as a sensitive approach to early diagnosis of diseases. 
 

References 
[1] R.J. DeBerardinis, C.B. Thompson, Cellular metabolism and disease: what do metabolic outliers teach us?, Cell 148(6) (2012) 

1132-44. 
[2] E. Brown, T. McKee, E. diTomaso, A. Pluen, B. Seed, Y. Boucher, R.K. Jain, Dynamic imaging of collagen and its modulation 

in tumors in vivo using second-harmonic generation, Nat Med 9(6) (2003) 796-800. 
[3] W. Denk, J.H. Strickler, W.W. Webb, Two-photon laser scanning fluorescence microscopy, Science 248(4951) (1990) 73-6. 
[4] I. Georgakoudi, K.P. Quinn, Optical imaging using endogenous contrast to assess metabolic state, Annu Rev Biomed Eng 14 

(2012) 351-67. 
[5] M.C. Skala, K.M. Riching, A. Gendron-Fitzpatrick, J. Eickhoff, K.W. Eliceiri, J.G. White, N. Ramanujam, In vivo multiphoton 

microscopy of NADH and FAD redox states, fluorescence lifetimes, and cellular morphology in precancerous epithelia, Proc 
Natl Acad Sci U S A 104(49) (2007) 19494-9. 

[6] Y. Zhang, M.L. Akins, K. Murari, J. Xi, M.J. Li, K. Luby-Phelps, M. Mahendroo, X. Li, A compact fiber-optic SHG scanning 
endomicroscope and its application to visualize cervical remodeling during pregnancy, Proc Natl Acad Sci U S A 109(32) (2012) 
12878-83. 

[7] P.J. Campagnola, L.M. Loew, Second-harmonic imaging microscopy for visualizing biomolecular arrays in cells, tissues and 
organisms, Nat Biotechnol 21(11) (2003) 1356-60. 

[8] K.P. Quinn, G.V. Sridharan, R.S. Hayden, D.L. Kaplan, K. Lee, I. Georgakoudi, Quantitative metabolic imaging using 
endogenous fluorescence to detect stem cell differentiation, Sci Rep 3 (2013) 3432. 

[9] D. Pouli, M. Balu, C.A. Alonzo, Z. Liu, K.P. Quinn, F. Rius-Diaz, R.M. Harris, K.M. Kelly, B.J. Tromberg, I. Georgakoudi, 
Imaging mitochondrial dynamics in human skin reveals depth-dependent hypoxia and malignant potential for diagnosis, Sci 
Transl Med 8(367) (2016) 367ra169. 

[10] Z. Liu, K.P. Quinn, L. Speroni, L. Arendt, C. Kuperwasser, C. Sonnenschein, A.M. Soto, I. Georgakoudi, Rapid three-
dimensional quantification of voxel-wise collagen fiber orientation, Biomed Opt Express 6(7) (2015) 2294-310. 

[11] Z. Liu, D. Pouli, D. Sood, A. Sundarakrishnan, C.K. Hui Mingalone, L.M. Arendt, C. Alonzo, K.P. Quinn, C. Kuperwasser, L. 
Zeng, T. Schnelldorfer, D.L. Kaplan, I. Georgakoudi, Automated quantification of three-dimensional organization of fiber-like 
structures in biological tissues, Biomaterials 116 (2017) 34-47. 



10 
 

DOI 10.24412/cl-36013-2020-1-10-12 

NIR SKULL OPTICAL CLEARING WINDOW FOR IN VIVO CORTICAL VASCULATURE 
IMAGING AND TARGETED MANIPULATION 

DONG-YU LI1,2,3, ZHENG ZHENG4, TING-TING YU1,3, BEN ZHONG TANG4, PENG FEI5, JUN QIAN2 AND DAN 
ZHU1,3 

1Britton Chance Center for Biomedical Photonics, Wuhan National Laboratory for Optoelectronics, Huazhong University of Science 
and Technology, China 

2State Key Laboratory of Modern Optical Instrumentation, Centre for Optical and Electromagnetic Research, College of Optical 
Science and Engineering, Zhejiang University, China 

3MoE Key Laboratory for Biomedical Photonics, Huazhong University of Science and Technology, China 
4Department of Chemistry, Hong Kong Branch of Chinese National Engineering Research Center for Tissue Restoration and 

Reconstruction Division of Life Science, State Key Laboratory of Molecular Neuroscience, Institute for Advanced Study, Institute of 
Molecular Functional Materials, Division of Biomedical Engineering, The Hong Kong University of Science and Technology, China 
5School of Optical and Electronic Information-Wuhan National Laboratory for Optoelectronics, Huazhong University of Science and 

Technology, China 
 

dawnzh@mail.hust.edu.cn 

Abstract  

In vivo observation of brain in its natural environment is of vital significance to better understand the function of 
vasculature and neural networks, as well as various diseases related to the dysfunction of brain [1-3].Modern optical 
imaging technology combined with a variety of fluorescent labelling technology can obtain the structure and function 
information of biological tissue with high spatial and temporal resolution, providing an important means for brain science 
[4-6].However, the high scattering characteristic of skull limits the penetration depth of light[7, 8]. Since the scattering of 
tissue decreases with the increase of wavelength[9], the imaging in near infrared band, especially in the second region of 
near infrared, shows great advantages for improving the ability of optical imaging in deep tissue imaging[10-
16].Compared to two-photon fluorescence or second harmonic generation, three-photon fluorescence or third harmonic 
generation (THG) based on longer wavelength excitation, can obtain deeper information with high resolution. 

The recent development of tissue optical clearing technology reduces the effect of scattering from another perspective, 
providing a new idea for deep tissue imaging.With the novel skull optical clearing window, optical imaging techniques, 
laser speckle contrast imaging, hyperspectral imaging and two-photon fluorescence microscopy have been applied to 
observe cortical neuron, microglia, vascular structures and functions [17-21].Since NIR-II excitation based nonlinear 
optical microscopy and skull optical clearing are useful means, respectively, to realize in vivo cortical imaging without 
craniotomy, does the combination of the both have an enhancement effect? After all, the previous optical clearing 
windows only demonstrated the efficacy of optical imaging in the wavelength range of visible to NIR-I [17, 18]. 

 
Figure 1. (a) Transmission spectra of D2O (red line) and H2O (blue line). (b) Transmission spectra of S1 of VNSOCA (red line) and 
USOCA (blue line). (c) Transmission spectra of S2 of VNSOCA (red line) and USOCA (blue line). (d) THG images of glass capillaries 
filled with DCCN nanocrystal dispersion with the 25× objective immersed in S1 and S2 of VNSOCA and USOCA respectively.  The 
dashed lines represent the edges of the capillaries. (e) The THG intensities of DCCN nanocrystal dispersion filled in capillaries with 
the objective immersed in S1 and S2 of VNSOCA and USOCA respectively. 

https://doi.org/10.24412/cl-36013-2020-1-10-12
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In this work, we systematically studied the combination of NIR-II excited THG microscopyand in vivotissue optical 
clearing technique, and further developed Vis-NIR-II compatible optical clearing skull window.Compared with the 
previous urea-based skull optical clearing agent (USOCA), the newly developedvis-NIR-II optical clearing agent 
(VNSOCA) not only had the same transmittance in the shorter wavelength range, but also hadgreatly enhanced 
transmittance in the near infrared region (Fig. 1). 

The optical clearing window could remarkably increase signal intensity as well as the imaging depth of cortical THG 
vascular imaging (Fig. 2 and Fig. 3). Finally, the imaging depth of 650μm was obtained (Fig. 4), which was even close to 
it without skull [22]. 

 
Figure 2. (a, b) Typical white-field images of cortical blood vessels before and after VNSOCA treated. (c) Intensity profiles along the 
red dashed lines across the vasculature in (a): black, and (b): red. The arrows indicate vessels those couldn’t be observed before 
VSOCA treated. (d,e) Typical large-field THG images collected with a 5× scan lens before and after skull clearing. (f) Intensity 
profiles along the red dashed lines across the vasculature in (d): black, and (e): red. The arrows indicate vessels those couldn’t be 
observed before VSOCA treated. (g-i) THG microscopic images of various areas in (e), using a 25× objective. The frame color was 
used to represent the congruent relationship. 

 
Figure 3. (a-d) THG scanning microscopy at different depth using the 25× objective without skull clearing. (e-h) THG scanning 
microscopy at different depth using the 25× objective with skull clearing. (i-l) Intensity profiles along the white dashed lines across the 
vasculature in (a-h), respectively. (m) THG imaging of cortical vasculature at particular imaging depths. (n-p) 3D reconstruction of 
vasculature in certain volumes. 
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In addition of imaging, the effectiveness of optical manipulation is also significant.The results showed that precise NIR-
II light manipulation could be performed through the established skull optical clearing window. Using the 1550-nm fs 
laser, both large vessel or small capillary could be targeted injured (Fig. 4). 

 
Figure 4. Dynamically observing cerebral hemorrhage using THG scanning imaging. The cerebral hemorrhage was made by 

partically scanning the region showed by the red circles for (a) 10 s and (b) 15 s. 

The novel Vis-NIR-II optical clearing skull window is well adapted to the whole band from visible light to NIR-II region, 
which greatly expands the wavelength selection range of deep cortex optical imaging and can effectively combine 
various NIR-II imaging technologies developed in recent years.The first established scalp-cranial window model further 
simplifies the cranial window model and provides a new approach for imaging the transcranial cortex in vivo. 
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Abstract 

In this study we performed in vivo diagnosis of skin cancer and kidney failure based on the estimation of biochemical 
changes in skin tissues employing a portable spectroscopy setup combining analysis of Raman and autofluorescence 
spectra in the near infrared region [1]. We studied 617 cases of skin cancer (70 melanomas, 122 basal cell carcinomas, 12 
squamous cell carcinomas and 413 benign tumors) and 90 adult patients with kidney failure (90 spectra) and 40 healthy 
adult volunteers (80 spectra) in vivo with a portable setup. The studies considered the patients examined by GPs in local 
clinics and directed to specialized clinics with suspected skin cancer and kidney failure patients that undergo 
hemodialysis. The spectra were classified with a projection on latent structures and discriminant analysis (PLS-DA) [2]. 
To check the classification models stability, a 10-fold cross-validation was performed. We obtained ROC AUCs of 0.75 
(0.71 – 0.79; 95% CI), 0.69 (0.63-0.76; 95% CI), and 0.81 (0.74 – 0.87; 95% CI) for classification of a) malignant and 
benign tumors, b) melanomas and pigmented tumors and c) melanomas and seborrheic keratosis respectively. The 
positive and negative predictive values ranged from 20% to 52% and from 73% to 99% respectively. The biopsy ratio 
varied from 0.92:1 to 4.08:1 (at sensitivity levels from 90% to 99%). Application of Raman spectroscopy to investigate 
the forearm skin in patients with kidney failure and healthy adult volunteers 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. The autofluorescence 
analysis in the near infrared region identified patients with kidney failure among healthy volunteers of the same age 
group with specificity, sensitivity, and accuracy of 0.91, 0.84, and 0.88, respectively. The most informative Raman 
spectral bands when classifying subjects by the presence of kidney failure using the PLS-DA method are 1315-1330 cm-1, 
1450-1460 cm-1, 1700-1800 cm-1. Figure 1 demonstrates variable importance in the projection (VIP) for discrimination of 
kidney failure. VIP makes it possible to assess the impact of individual variables of the predicate matrix array on the 
model [3]. 

In general, 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 kidney failure and associated metabolic changes in the skin. 
The accuracy of automatic analysis with the proposed portable system is higher than the accuracy of GPs and trainees, 
and is comparable to the accuracy of trained dermatologists. The proposed approach may be combined with other optical 
techniques of skin lesion analysis, such as dermoscopy- and spectroscopy-based computer-assisted diagnosis systems to 
increase accuracy of neoplasms classification. 

 
Figure 1.VIP-scores of the Raman spectra matrices for the constructed PLS-DA models 
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Abstract 

Stimulated emission depletion (STED) microscopy, as an advanced imaging technique, was theoretically proposed in 
1994 and experimentally performed later. In principle, two laser beams are needed to carry out super resolution imaging 
using STED method. One pulsed laser beam is used to transfer fluorescent dyes to the excited states, generating a 
fluorescent spot owing to optical diffraction; and the second one (STED laser) with larger pulse width, actually 
producing a doughnut-shape spot, is employed to selectively deactivate the fluorescent dyes lying in the overlapping 
region of excitation and STED laser spots. Typically, the doughnut-shaped STED beam selectively suppresses 
fluorescence photon emission in the periphery of the excitation beam to preferably ensure almost zero-intensity at the 
center. Undoubtedly, in STED, the depletion laser power is an important factor to determine the imaging resolution. 

In this advanced optical microscopic technique, especially for the biological samples, selecting apposite fluorescent dyes 
with excellent nonlinear response is another determining factor to achieving better spatial resolution. Basically, all the 
fluorophores around the focal excitation spot need to be in their fluorescent ‘off’ state to attain an exceptionally high 
resolution, since the stimulated emission rate has a non-linear dependence on the intensity of the STED beam. To retrieve 
the high resolution images, the focal spot is then scanned across the object. Theoretically, the full-width-at-half maximum 
(FWHM) of the PSF at the excitation focal spot can be compressed by increasing the intensity of the STED pulses as 
presented in equation (1). 

      ∆𝑟𝑟 = ∆
�1+𝐼𝐼𝑚𝑚𝑚𝑚𝑚𝑚/𝐼𝐼𝑆𝑆

,                                                                (1) 

where, ∆r is the lateral resolution, ∆ represents the FWHM of the diffraction limited PSF, Imax is the peak intensity of the 
STED laser, and Isstands for the threshold intensity needed in order to achieve saturated emission depletion. 

The STED microscopy can provide a lateral resolution of 10-80 nm and a longitudinal resolution of 30-600 nm with high 
imaging speed. These abilities of the STED microscopy stimulated its increasing contribution in visualizing and 
understanding many complex biological structures and dynamic functions in a plethora of cell and tissue types at 
nanoscale level. However, for live cell STED imaging, the use of intense laser could be detrimental as it can cause severe 
photodamage to the live cells, tissues and even the used fluorophores. Moreover, use of intense STED laser beam is likely 
to accelerate the photobleaching process of fluorophores which may impede the long-term STED imaging. Therefore, 
optimizing the STED laser power is crucial to achieve a successful good quality STED image.  

 
(a) 

 

 
(b) 
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Figure 1. (a) Principle of DE-STED. (b) DE-STED imaging of microtubes in fixedBSC-1 cells. (c) Dual color STED imaging of cells 
with a single super-continuum laser. (d) STED imaging of mitochondrial dynamics with an enhanced squaraine variant probe. (e) 
Working principle of accurate photon extraction in the phasor plot. (f) Re-excitation eliminating STED imaging in a biological cell 

 

In this talk I will present our recent work in STED microscopy. We proposed two major strategies to achieve successful 
STED imaging with reduced STED laser power. The first method relies on the development of novel STED imaging 
techniques such as adaptive optics STED [1, 2], phasor analysis STED [3, 4] and digitally enhanced STED [5] to lower 
the depletion power during the acquisition of STED images. The other significant method to minimize the STED laser 
power basically relies upon the development of new dedicated STED probes/fluorophores with better photostability and 
lower saturation intensity (IS). We developed perovskite quantum dots [6], carbon dots [7] organosilicon nanohybrids [8] 
and enhanced squaraine variant probe [9] for STED imaging with very lowSTED laser power. Typically, these new 
fluorescent materials contain superior photostability and much lower saturation intensity (IS) compared to the traditional 
STED probes. In addition, a dual-color STED microscope with a single laser source is developed, and the spatial 
resolutions of 75nm and 104 nm have been achieved for mitochondria and tubulin in HeLa cells [10]. 
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Abstract 

The state of human organism largely depends on blood microcirculation that, in turn, depends on the microrheologic 
properties of red blood cells (RBCs), in particular, the RBC intrinsic properties of deformability and aggregation that are 
supposed to be interdependent [1]. The RBCs have the ability to reversibly deform in the blood flow. Usually they 
elongate in the direction of the flow but, also, they can change their shape dramatically in the vessels that are smaller than 
the size of the RBCs, for example, capillaries with diameters from 3 to 5 μm [2]. A considerable contribution to the 
deformability comes from the elasticity of the cell membrane, as well as from the viscosity of hemoglobin solution inside 
the cell [3]. RBC deformability plays a significant role in the blood circulation. In particular, RBC filtering in narrow 
circulatory pathways in the human spleen is based on their impaired deformability. Another important process that 
influences the blood flow is the aggregation of RBCs [4]. It is a reversible process of formation of linear and more 
complex structures of RBCs. The aggregation happens predominantly inside large vessels. However, the aggregates can 
become quite large, and if not their ability to disaggregate to single cells due to shear stress, the blood flow would be 
impaired. 

Socially significant diseases such as arterial hypertension, diabetes mellitus and others are associated with serious 
changes in the RBC deformability [4-6]. At the same time a significant change in the aggregation parameters may happen 
[4]. For example, RBC aggregates in the blood of patients suffering from arterial hypertension are stronger and form 
faster than in the blood of healthy people [6]. Moreover, these pathologies are accompanied by an alteration in the 
number of RBC involved in the process of spontaneous aggregation. This can be caused by many reasons: a change in the 
protein composition of plasma, cell membrane changes, different rigidity and age of the cells, as well as the average 
patient age and their medication, etc. [4]. 

The aim of this work is to identify the relationship between the deformability of RBCs and their aggregation properties, 
both of which are the key factors for the blood flow. Laser diffractometry, diffuse light scattering and laser tweezers were 
implemented for in vitro measurements. 

Laser diffractometry performed with the RheoScan diffractometer (RheoMeditech, Korea) was used to obtain the shear 
induced deformation parameters of RBCs by processing the light intensity distribution in the diffraction pattern [7]. This 
pattern is based on diffraction of a laser beam on a highly diluted RBC suspension in a flow channel in vitro. The 
dimensions of the channel are 0.2 mm high × 4.0 mm wide × 40 mm long. We measured the RBC deformability index 
(DI) that describes the average elongation of the cells by shear stress. The elongation of the cells corresponds to the 
elongation of the diffraction pattern. Different shear stresses from 20 Pa to 0.5 Pa were applied to the RBC suspension in 
order to change the shear stress and, consequently, the elongation of the cells.  

Laser aggregometry was performed using the RheoScan aggregometer (RheoMeditech, Korea) [8]. It is based on diffuse 
light scattering and is applied to whole blood samples in order to retrieve a number of the RBC aggregation properties. 
By analyzing the scattered light intensity as a function of time during the process of RBC spontaneous aggregation we 
can evaluate the aggregation index (AI), which characterizes the relative number of aggregated cells during the first 10 
sec of the aggregation process [14]. Besides that, the critical shear stress (CSS) that characterizes the balance of 
aggregation and disaggregation processes was measured. In order to do it, the blood flow conditions were created in vitro 
with varying shear stress, and the light scattered backwards was analyzed.  

Different osmolarities of plasma (150–500 mOsm/l) and concentrations of glutaraldehyde (GA) (up to 0.004%) were 
used to change the deformability of the RBCs in vitro. The measurements were performed at 37 °C. The study was 
conducted on the blood of 2 healthy donors. The values of AI, DI and the forces of RBC interaction were measured 5 
times for the same sample. The results were then averaged and the standard deviations from the mean values were 
calculated. 

The RBC deformability changes are presented in the Fig. 1. The results in the Fig. 1a show a decrease in the DI with the 
increase of GA concentration. Secondly, in a separate experiment, the osmolarity of the suspension was also shown to 
influence RBC deformability as seen in Fig. 1b.  
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Figure 1: The deformability index as a function of the shear stress (a) at different glutaraldehyde concentrations  

and (b) at different osmolarities. 
The results obtained by laser aggregometry for the samples treated with GA are shown in Fig. 2a. The AI significantly 
drops for samples with low DI, which corresponds to high GA concentration. Namely, the control measurement (0% GA) 
yields DI equal to 0.522 ± 0.006 and AI equal to 39 ± 4%. For 0.004% GA concentration DI decreases to 0.426 ± 0.006 
and AI decreases to 9 ± 3%. This means that at high GA concentrations the process of spontaneous aggregation almost 
stops. For the samples suspended in plasma at different osmolarities the laser aggregometry method shows similar results 
(Fig. 2b). Lower deformability corresponds to smaller AI.   

 
Figure 2: The aggregation index as functions of the deformability index for different glutaraldehyde concentrations (a)  

and osmolarities (b). 
The method of laser diffractometry confirmed that with the addition of glutaraldehyde and with a large change in the 
osmolarity of the solution, RBCs become more rigid. Secondly, the methods of laser aggregometry and laser tweezers 
gave consistent results: with the decreased ability of RBCs to deform the formation of aggregates becomes impaired. 
However, the critical shear stress and the disaggregation force measured with laser tweezers remain mostly unchanged. 
This means that the RBC aggregate formation is dependent on the deformability of the membrane, while the connection 
to disaggregation is less pronounced and more complicated in nature. 
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Abstract 

In the last decade, there has been a steady increase in the interest of researchers in the problems of non-invasive research 
of microcirculatory-tissue systems (MTS). This is due to the essential role of blood microcirculation in the pathogenesis 
of various diseases (in particular, diseases of the rheumatological and endocrinological profiles). A modern trend in the 
development of optical biomedical diagnostics is a multiparametric approach when various optical (and sometimes 
additionally other) research methods are combined in one diagnostic technology. This allows one to obtain highly 
efficient diagnostic tools for rheumatology, endocrinology, surgery, oncology, neurology, and other areas of medicine, 
where it is necessary to determine the parameters of the perfusion-metabolic status of tissues. 

The aim of this work was to scientifically substantiate and develop a methodology for multiparametric optical non-
invasive diagnostics (mOND) to assess the functional state of the microcirculatory-tissue systems of the human body 
with the development of metrological support of methods and technical means that contribute to improving the quality of 
optical non-invasive diagnostics and its wider implementation in clinical practice. 

To solve the research problems, a systematic approach was used to develop a methodology for the synthesis of mOND 
for assessing the functional state of MTS in various diseases. A method for assessing angiospastic and microcirculatory 
[1] disorders in rheumatic diseases and a method for assessing microcirculatory-metabolic disorders in MTS of the lower 
extremities in diabetes mellitus [2] were developed. Also in this work, methods were developed for assessing the state of 
the MTS of the human body under various conditions, such as sports and physiological stresses [3], the provision of 
physiotherapeutic effects, during minimally invasive surgical interventions [4]. The developed methods are based on the 
combined application of several widely used methods of optical non-invasive diagnostics, such as laser Doppler 
flowmetry(LDF), diffuse reflection spectroscopy (DRS), fluorescence spectroscopy (FS), etc.The scheme for 
implementing the multiparametric optical measurements is shown in the Fig. 1a.The block diagram of one of the variants 
of the device for assessing the functional state of the MTS of the human body on the basis of multiparametric optical 
diagnostics using 3 methods of OND (LDF, FS and DRS) is shown in the Fig. 1b. 

 
 

a) b) 

Figure 1: The scheme for implementing the multiparametric optical measurements (a) 

and the block diagram of the device for assessing the functional state of the MTS (b). 
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The LDF optical-electronic system is made in the form of two identical channels for recording the Doppler signal and 
includes a laser radiation source with a wavelength of 1064 nm connected to a driver that sets the power supply, and an 
optical-electronic system for recording secondary optical radiation, consisting of photodiodes (PD) with optical filters, 
connectedin pairs with the Doppler signal forming unit, consisting of current-to-voltage converters (CVC), signal 
amplifiers (A) and analog-to-digital converters (ADC). Each channel has a sequential signal conversion. 

The FS and DRS channels include sources of fluorescence excitation with wavelengths of 365 and 450 nm, connected to 
drivers that set the power supply, and a broadband radiation source, a polychromator (P), a set of replaceable light filters 
(F), and a CCD radiation detector. The polychromator is built according to the Czerny-Turner scheme with a flat 
diffraction grating. 

The channels are controlled by a common control unit (CU), which is an PLD with a binding connected through an 
interface with a personal computer (PC). The CU controls the operation of the emitters (supplying control signals to their 
drivers) and turning on the broadband radiation source. Laser emitters with wavelengths of 450 and 1064 nm, a light-
emitting diode with a wavelength of 365 nm and a broadband radiation source with a wavelength range of 360 ... 2400 
nm are used as sources of primary optical radiation. The light from these sources is transmitted through a fiber bundle to 
the area of study of the biological object (BO). Fluorescence, diffuse reflectance, and Doppler signals are received by 
closely spaced receiving fibers. If it is necessary to conduct temperature tests through the CU, an additional temperature 
exposure channel is connected, built on a thermoelectric cooler with its own control unit, which allows one to change the 
polarity of the supply voltage. This channel is used to carry out a functional temperature tests in the range of 5-42 °C. 

The user communicates with the control unit through a specialized program installed on the PC. 

Approbation of the developed methods was carried out on the basis of 3 Departments of the Orel Regional Clinical 
Hospital (Orel, Russia). The reliability of the results obtained has been confirmed by numerous clinical observations of 
more than 200 patients. 

The results of the work can be extended to other areas of medicine, for example, in the direction of improving methods of 
optical biopsy in minimally invasive surgery, rheumatology, endocrinology, otolaryngology, dermatology, neurology and 
other areas of medicine. The introduction of mOND into wearable devices (fitness bracelets, gadgets) for long-term 
monitoring (daily or during sleep, tracking of circadian biorhythms) and monitoring in vivo (and not only in a hospital) 
also has great diagnostic potential. 

The study was supported by the Russian Science Foundation (the project №18-15-00201), Russian Foundation for Basic 
Research (the project 18-02-00669) and by the grant of the Russian FederationGovernment (the project №075-15-2019-
1877). 
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Abstract  

In this work, in vivo and in vitro optical methods were used to study the microrheologic properties of red blood cells 
(RBC) in patients suffering the coronary heart disease (CHD) and comorbidities such as type 2 diabetes mellitus 
(T2DM). The main focus of our study was the aggregation of RBC, which significantly influences the viscosity of blood 
[1]. Aggregation is a reversible process of formation of linear and more complex structures of RBC. It promotes the 
formation of peripheral cell-poor fluid layer that lowers the hydrodynamic vessel resistance to the blood flow [1]. In vitro 
as well as in vivo, the process of RBC aggregation can be described in several ways: by the amount of cells aggregating 
during a given time interval, by how many aggregates are observed, or by how fast a couple of RBCs can form a doublet. 
These parameters require specialized tools in order to be measured, so they are not used widely in clinical conditions.  

Many methods can be applied to study RBC including the micropipette aspiration [2], but optical techniques have several 
advantages: non-invasiveness and lack of direct mechanical contact with the cells; the option to study both individual 
cells and their ensembles; the possibility of in vivo and in vitro application. The last point can pose a challenge in terms 
of comparing results for these different conditions - in vitro measurements require anticoagulants for stabilizing the blood 
samples and storing blood during sample preparation, which can influence the measured parameters; while in vivo 
methods allow for measuring a different set of parameters that may be difficult to correlate with those measured in vitro. 

The aim of this work was to find correspondence between in vivo and in vitro optical methods by studying patients with 
cardiovascular and associated pathologies. Understanding the link between the RBC aggregation and widespread 
cardiovascular diseases is vital to create new methods of diagnosis and treatment. The age, state of health and lifestyle of 
an individual determine in part the aggregation parameters of RBC [3], as does the medicine intake [1,4]. 

The study enrolled 81 adults, including 25 healthy volunteers and 56 patients with CHD and arterial hypertension. The 
patients with CHD were divided into two groups depending on the presence of T2DM. First groups included 42 CHD 
patients without T2DM, second group included 14 CHD patients with T2DM.The healthy volunteers had an average age 
27.5 and body mass index (BMI) 22.1, they were non-smokers, and had not been taking any medication. They were 
divided into two control groups (n = 10 and 15) that were studied independently by two different research teams. 

Laser aggregometrymethod implemented in microchip stirring type RheoScan aggregometer (RheoMedTeсh, Rep. of 
Korea) was used to measure the aggregation parameters of RBC in vitro in whole blood samples [5]. The measurement 
technique is based on the diffused light scattering of a laser beam by the blood sample [6].The RBC aggregation kinetics 
is reflected in the dependence of scattered light intensity on time and several parameters are calculated based on it. 
Firstly, T1/2 characterizes the time interval, during which the signal (scattered light intensity) reaches half of the 
maximum value. Smaller T1/2 corresponds to greater curve slope and faster aggregation of the cells. Secondly, the 
aggregation index (AI) characterizes the fraction of cells aggregated during the first 10 seconds of measurement. It is 
calculated as a ratio between the area under the intensity curve to the total area above and below it. Higher AI values 
correspond to more numerous RBC aggregates in the sample.  

Lasers tweezers were used to measure the duration of the process of spontaneous aggregation of two individual RBCs 
[7]. The measurements are carried out on a highly diluted blood suspension inside a glass microcuvette with a 100 μm 
gap [8]. Patients’ autological platelet poor plasma was used as the suspension medium. The time of doublet aggregate 
formation Tagg was measured in real time. Smaller values of Tagg correspond to faster aggregate formation. It’s worth 
noting that the Tagg parameter corresponds to the initial stage of the RBC aggregation process, while laser aggregometry 
parameters (T1/2 and AI) represent the whole aggregation process, including the later stage of complex 3D structures 
formation. 

Digital capillaroscopy (DC) [9] was used to evaluate the capillary blood flow parameters in vivo. Using the device 
Kapillaroskan-1 (AET, Russia) a quantitative assessment of the blood flow characteristics was carried out in the 
capillaries of the nail bed. Several nail bed capillaries of each individual were recorded at a high frame fate and then used 
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to assess the average capillary blood flow velocity (CBV), which was calculated by frame-by-frame analysis. The cases 
of absence or presence of aggregates in the bloodstream were defined as individual RBC or groups of several RBC 
separated by empty layers of plasma respectively. 

For each blood sample, the parameters AI, T1/2 and Tagg were measured 5 times. The calculation of the CBV and the 
detection of aggregates for the DC method was carried out using original software that analyzed recordings of the nail 
bed capillaries. Videos of at least 6 capillaries were used for calculations with the video duration of 3 to 5 seconds (at a 
recording rate of 100 frames per second, i.e., from 1800 to 3000 frames per patient). 

The parameters assessed with all used methods for all CHD patients are shown different from those for the control 
groups. The first and second control groups do not show statistically significant differences between themselves. Our 
results show not only a significant difference of the aggregation parameters characteristic of patients compared to those 
of healthy people, but also a correspondence between the parameters measured in vivo and in vitro. RBC aggregate in 
CHD patients faster and more numerously, in particular the aggregation index increases by 20±7%.  

The comorbidity of T2DM also significantly elevates aggregation in CHD patients. In particular, in CHD patients 
compared to the control group AI is higher by 20 ± 7% (p < 0.05), meaning more numerous aggregation, T1/2 is lower by 
14 ± 9% (p < 0.05), meaning faster aggregation, and Tagg is lower by 27 ± 7% (p < 0.05), showing faster doublet 
formation. As for CBV, it is smaller than in the control. The two groups CHD patients (with and without T2DM) show 
significant (p < 0.05) differences. The AI parameter for all studied groups decreases with an increase in CBV, while T1/2, 
on the other hand, increases. Tagg remains constant for the whole CBV range. These results show that for patients with 
high CBV, the aggregation process in vitro is weaker compared to that for the patients with low CBV: it is less numerous 
and the doublet formation takes longer time. No statistically significant difference in aggregation was found between 
several patient subgroups, including the division by gender and smoking habits. AI weakly correlated with BMI and did 
not correlate with age. 

The novelty of this work consists in a complex analysis of the parameters measured in vitro and in vivo for different 
groups of people. The results of studies performed by alternative methods do not contradict our conclusions and show 
increased aggregation of RBC in patients with CHD (including complications) compared to healthy donors [1, 10]. One 
of the limitations of the study is the small number of patients with both CHD and T2DM; in the future, we plan to 
increase this number. Another point that can be improved is the observation of additional factors that influence the blood 
flow, for example plasma components [1]. Also, BMI and other factors influence platelet activation and aggregation, 
which can indirectly affect the aggregation of RBCs; this was not accounted for in this work. 

Acknowledgment: The authors acknowledge the financial support provided to this study by RFBR grant № 19-52-
51015. 
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Abstract 

Optical coherence tomography (OCT) systems with ultralong depth range, ultrawide lateral field, ultrahigh axial 
resolution, and enhanced contrasts are introduced. As a depth-resolved optical imaging modality with the merits of non-
destruction, high-resolution, and high-speed, OCT is promising for applications in variety areas. Most recently, our group 
has made a step forward in OCT instrumentations. The depth range is extended to be over 200 mm, the lateral field of 
view is increased to be 35 mm, and the axial resolution is improved to be 0.9 μm. Angio-OCT with enhanced contrast is 
developed for vasculature mapping. Pump-probe OCT with molecular contrast is also developed. These novel OCT 
systems will open new OCT applications. 

Figure 1(a) shows the developed Orthogonal DispersiveSpectral Domain OCT (OD-SDOCT) system [1-3]. Dimensional 
metrology of the central optical distances in assembled lenses based on this system is given in Fig. 1(b). In comparison 
with commercial product (LS200, Fogale), our system achieves greatly enhancement in precision (>10 x) and speed (>30 
x). Uniform focusing with an extended depth rangeand increased working distance for OCT probe is designed and 
fabricated [4,5]. Figure 2(a) gives the simulated field intensity of the output beams for six typical cases of the designed 
probe. Microscope image of the fabricated probe and in vivo 3D OCT images of human skin at the fingertip are shown in 
Fig. 2(b). With meritsof enhanced imaging quality and easy fabrication, theproposed probe poses great potential for 
important applications,especially for endoscopic imaging of human internalorgans in vivo. 

 
(a) 

 
(b) 

Figure 1: (a) Developed OD-SDOCTsystem - (b) Typical measurement results of the central optical distances in assembled lenses 

 
(a) (b) 

Figure 2: (a) Simulated field intensity of the output beams for six typical cases of the designedprobe - (b)Microscope image of the 
fabricated probe and in vivo 3D OCT images of human skin at the fingertip 
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Abstract 

Immersion optical clearing of biological tissue that reduces the influence of light scattering on the quality of optical 
imaging led to breakthrough in biophotonic studies of tissue properties ex vivo [1, 2]. However, applications of these 
techniques in human skinin vivo is challenging due to low efficiency, toxicity concerns, and time consuming procedure. 
The use of biocompatible optical clearing agents makes it possible to some increase the probing depth of non-invasive 
optical diagnostic methods [3, 4]. However, the protective epidermal barrier of the skin prevents the penetration of 
immersion liquids into the deeper layers of the skin. 

Based on our discoveries described here, we propose to solve the indicated above problems by combination of physical 
factors such as microdermabrasion and sonophoresis, which all are approved for application in humans. Our ultimate 
goal was to clarify the contribution of the Microdermabrasion, Oleic acid and UltraSound Effect (MOUSE) on optical 
clearing of human skin measured by OCT in vivo separately and in various combinations and to compare results obtained 
for light (II-type) and dark (VI-type) skin. 

This study involved healthy volunteers 19-23 years old with II and VI skin types. Microdermabrasion associated with 
mechanical peeling and massage was performed applied using a commercially available device with sapphire tip and 
vacuum massager. Sonophoresis was performed using a commercially available ultrasonic therapeutic device.Optical 
coherence tomography (OCT) allowed to differentiate the contribution of each factors separately and in different 
combinations. 

Results have demonstrated that topical application of MOUSE can provide increasing the optical penetration depth 
inhuman skin in vivo during short time. After optimization, OCT-signal amplitude increased more than3-fold with twice 
improved depth penetration for light skin during 30 minutes that significantly exceed the results obtained earlier (Fig. 
1a,b). All optical clearing approaches were tested on skin with VI phototype (deeply pigmented dark brown to black skin 
according to Fitzpatrick Skin Type ClassificationScale). After combined optical clearing 1.3-fold increase in OCT-signal 
amplitude was achieved for dark skin (Fig. 1a,c). 

These results show a high potential of the advanced clearing techniques for broad application in the optical diagnostics of 
skin and peripheral blood and lymphatic systems. MOUSE has not required a multicomponent composition of the OCA 
and has not caused dehydration and shrinkage of the skin, which are induced by hyperosmotic hydrophilic agents. 
Consequently, there is a low risk of side effects. A comparison of the presented results has shown that the use of MOUSE 
for optical clearing of epidermis has significant advantages compared with separate use of microdermabrasion and 
sonophoresis for both light and dark skin. MOUSE has allowed significant increasing OCT signal amplitude during only 
15-20 min that has been not demonstrated with other approaches. The novelty of this work is also discovering that OCT 
optical probing depth increases in skin due to only ultrasound impact without optical clearing agent application. 
Comparison of the MOUSE in light and dark skin has revealed similarity of the optical clearing mechanisms and 
differences in the magnitude of the effect. The obtained OCT optical probing depth increase of dark skin is a novel result, 
which is practically and socially relevant. 

 
a 
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b                                                                 c 

Figure 1: OCT B-scans of light and dark skin before and after MOUSE (a). Results are presented for volunteers ## 3-6. OCT-signal 
amplitude for light (a) and dark (b) skin before and 30 min after applicationof oleic acid (OA) on an intact skin surface (Group I); 
microdermabrasion followed by a single application of OA (Group II); combined application of OA and sonophoresis (Group III); 
microdermabrasion followed by application of OA and sonophoresis – MOUSE (Group IV). Results are averaged. Braces with 
asterisks combine groups with statistically significant differences between the OCT and the background signal (p<0.05). Figure is 
adapted from figures published in Ref. [5]. Bars correspond to 200 μm. 
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Abstract 

Selective tumor targeting in vivo can be achievedby monoclonal antibodies, which specificallybind to target receptors. 
However, most antibodiesare immunogenic and have long plasma half-liferendering them suboptimal for molecular 
imaging. Small peptides and biomolecules are thereforepreferred for biological imaging because of their 
lowimmunogenicity, reduced barriers to topical delivery,high affinity and selectivity for receptors, anddesirable 
pharmacokinetic properties. 

Cyclic RGD peptides are small molecules thatbind αvβ3 integrin with high affinity. For this reason,a variety of RGD 
containing peptides has beendeveloped for targeting tumor-induced angiogenicblood vessels or tumor-associated 
integrin.Conjugation of these peptides to imaging agents ordrugs affords bioactive molecules for cancer imagingand 
targeted therapy, respectively.However, the cyclic RGD structure requirescomplicated peptide synthesis leading to 
increase inproduction cost and difficulty in quality control. Also,recent studies have demonstrated the strong 
bindingaffinity of RGD-containing peptides not only to αvβ3integrin receptor but also to αvβ5 and α5β1 integrins. 
Therefore, efforts to develop alternative smalllinear peptides with similar or even higher affinityand specificity to αvβ3 
integrin than cyclic RGD motifpeptide have attracted much attention. 

Computer-assisted virtual screeningis an effective method for drug discovery of small molecules with binding affinity to 
target receptors. Structure-based pharmacophore strategy hasbeen successfully used to screen small moleculeleading 
compounds in drug development.Molecular docking and dynamic simulation are alsoconsidered practical methods to 
analyze theintermolecular interaction and explain the bindingaffinity and stability. Therefore, thecombination of 
pharmacophore models withmolecular docking will render more efficient hits.Although the compounds obtained from 
virtualscreening have the potential specificity for the targets,it is necessary to confirm the feasibility of thisapproach by 
in vitro and in vivo experiments.In this study, we have integrated structure-basedpharmacophore method with molecular 
docking toscreen the linear bioactive peptides for identifyingαvβ3 integrin. Two novel small linear peptides 
(RWr,RWrNM) were selected with strong molecularinteractions with αvβ3 integrin. To evaluate theaffinity of these two 
peptides to αvβ3, cell lines withdifferent expression levels of αvβ3 were cultured withfluorescence dye-labeled RWr and 
RWrNM. Confocalimaging and flow cytometry were used to identifytheir affinity and specificity to αvβ3. 
Microscalethermophoresis (MST) was performed to quantifyaffinity of both peptides to αvβ3 integrin.Furthermore, the 
effects of RWrNM and RWr on cellmigration, angiogenesis, and downstream signalingpathways of αvβ3 were 
investigated. The tumortargeting ability and the therapeutic efficacy ofpeptide conjugates were further studied. 

 

 
(a) 

 
(b) 

 
Figure: (a) Binding affinity of the peptides to αvβ3 integrin at molecular level. (b) In vivo tumor targeting ability of peptides. 
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Abstract 

Optical devices are widely applied in science, technology, and medicine. Modern medicine is developing, giving way to 
the use of optical devices for phototherapy of various diseases. Among the current phototherapy technologies one can 
highlight photodynamic therapy. 

Photodynamic therapy (PDT) is an advanced method of treatment that provides for the penetration of a photoactive dye 
(photosensitizer) into biological tissue. The photosensitizer is delivered to pathogenic cells, where, effected by light, it 
triggers a photochemical reaction with the release of singlet oxygen destroying the pathogenic cells. For PDT those 
photosensitizers are used that effectively absorb light in the wavelength range of 600-700 nm. This range falls within the 
so-called "therapeutic window" encompassing the most transparent biological tissues resulting from the low absorption of 
blood in this spectral area [1]. The second generation of e6-chlorin-based photosensitizers are considered the drugs-of-
choice. PDT is successfully used in oncology and is now being developed gaining new fields of applications. Including 
PDT of onychomycosis that is an infectious nail disease of fungal etiology. For effective and safe photodynamic 
treatment of onychomycosis it is necessary to selectively impact the photosensitizer absorbed by the nail tissue affected 
by the fungus and develop extremely high-intensity light sources. In that regard it is important to optimize the spectral, 
temporal and spatial distribution of the light source, including matching the spectrum of its radiation with the absorption 
spectrum of the photosensitizer, minimizing the procedure time, creating a uniform distribution of radiation on the area of 
the nail containing the dye affected by the fungus.The result of the interaction of light and biological tissue during 
photodynamic therapy depends, among other things, on the spatial distribution of light, The optimization of that 
distribution allows impacting biological tissue effectively and safely for the surrounding tissues, it is being particularly 
important in the treatment of onychomycosis and in the development of new effective optical devices for the treatment of 
this disease, as well as for a wide range of medical applications. 

The goal of this work is to optimize the spatial distribution of the optical systems’ light flux for photodynamic therapy. 
To achieve this goal, it is necessary to solve the following tasks: Investigate the absorption spectrum of the modern 
chlorin-containing drugs at different concentrations in an aqueous solution, at different intensities and different timing of 
light exposure with a wavelength of 656±10 nm. To define requirements for the optimal dynamics of the light exposure 
for PDT. Development of a computer optical model of onychomycosis. Calculation of light distribution in this model 
Establishing correlation between the distribution of light on the surface of the model and in the area containing the 
photosensitizer. Developing requirements for light distribution on the surface of fingers affected by onychomycosis 
optimal for PDT.  

Spectral Investigation 

The absorption spectra of the photosensitizing drugs "Revixan" (Areal Ltd., Russia) and "Chloderm"(DPT Laboratory 
Ltd, USA) were studied. The spectra of those drugs in the range of 600–700 nm proved to be close to each other that is 
obviously associated with the use of chlorine e6 as a photodynamic agent in both drugs. The absorption band maximum 
for both drugs is equal to 654±1 nm. The behavior of the absorption spectra of an aqueous solution of photosensitizing 
drugs at different intensities and different timing of exposure to light with a wavelength of 656±10nm was investigated. 
For photosensitizing drugs illumination, the LED device for PDT “LED Forester 660” (Nela Ltd., Russia) with intensity 
of radiation up to 180±20 mW/cm2was used. The intensity of radiation on the surface of biological tissue is limited by 
thermal damage to an organ or tissue (for skin ~ 200 mW/cm2[2]). 

One can describe the dependence of the "Revixan"absorption coefficient at a wavelength of 654 nm corresponding to the 
peak of its absorption band on the intensity of exposure to LED radiation with a wavelength of 656±10 nm with the 
function: 

𝑘𝑅654(𝐼) = 1.3 ∗ (𝐼 + 0.001)−0.18,     (1) 

where: 𝐼 – intensityofradiation, W/m2, andonthetime of exposure with the intensity up to 180±20 mW/cm2with the 
function: 

𝑘𝑅654(𝑡) = (𝑡 + 0.001)−0.08,     (2) 
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where: 𝑡- time of exposure to radiation, s. 

One can describe the dependence of the "Chloderm"absorption coefficient (at a wavelength of 654 nm corresponding to 
the peak of its absorption band) on the intensity of exposure to LED radiation with a wavelength of 656±10 nm with the 
function: 

𝑘𝐶ℎ654(𝐼) = 1.34 ∗ (𝐼 + 0.001)−0.165,     (3) 

where𝐼–intensityofradiation, W/m2, andonthetime of exposure with the intensity up to 180±20mW/cm2 with the function:  

𝑘𝐶ℎ_654(𝑡) = 2 ∗ (𝑡 + 0.001)−0.12,     (4) 

where𝑡 – time of exposure to radiation, s. 

Thus, the effect of LED radiation changes the absorption spectra of chlorin-containing photosensitizing drugs for 
photodynamic therapy, while an increase in the intensity and time of exposure to LED radiation results in decreasing 
absorption of those photosensitizers in the range of 600-700 nm and a shift of their peak absorption band beingwithin that 
range in the IR area.When chlorin-containing photosensitizing drugs are exposed to LED radiation with a wavelength of 
656±10 nm and a constant intensity of 180±20W/cm2, the absorption coefficient at a wavelength corresponding to the 
absorption peak of drugs changes over time according to 

𝑘(𝑡) = 𝐴 ∗ (𝑡 + 0.001)𝐵,      (5) 

where the coefficient A is in the range 1-2; coefficient B - in the range -0.12 ÷ -0.08. 

Therefore, the change in the intensity of LED radiation with a wavelength of 656±10nm over time according to  

𝐼 = (𝐴 ∗ (𝑡 + 0.001)𝐵)−1,     (6) 

where coefficient A - stays in the range 1÷2; coefficient B - in the range -0.12÷-0.08, provides a constant, during PDT 
with an initial intensity of 180±20mW/cm2, the rate of absorption of light energy by a chlorin-containing photosensitizing 
drug. 

The results obtained in this work can helpto get deeper understanding of the processes occurring during photodynamic 
therapy of various diseases, including PDT of onychomycosis, to construct the models describing interaction of light with 
photosensitizers in biological tissue, as well as to develop recommendations on photodynamic therapyscenario that takes 
into account the process of photobleaching of the photodynamic agent and the dynamics of its absorption at the 
wavelength of the exciting radiation. 

Information on the behavior of the photosensitizer absorption coefficient resulting fromthe exposure to light or as a result 
as well as changing photosensitizer concentration while penetrating biological tissue combined with the attenuation of 
theexciting radiation intensity during its propagation in biological tissue will enablefinding adequate light radiation 
power absorbed by the photosensitizer and choosing the best radiation wavelength, intensity and exposure time necessary 
for the most effective photodynamic therapy of neoplasms localized at different depths in biological tissue. 

Spatial Distribution Modeling 

The structural model of a nail affected by onychomycosis is shown in Figure 1. It was the first time when the model takes 
into account the role of the anterior part of the toe and the proximal nail fold. The proximal nail fold and the anterior part 
of the toe are covered by skin epidermis. When constructing the model, for the first time, the fact was taken into account 
that in different parts of the nail the sizes of the layers forming it, as well as their shape, can differ. At the preparation 
stage for PDT a hardware pedicure is performed while the nail plate is polished, leaving about 50 microns of its 
thickness. For this reason, the nail plate is divided into two parts: from the anterior of the finger to the proximal nail fold, 
its thickness amounts to 50 µm, under the nail fold - 300 µm.  

 
Figure1:The structural model structure of the nail affected by onychomycosis. 
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The fungus was modeled by a layer of a photosensitizing drug that is found behind the papillary dermis and completely 
absorbing all the light incident on it. The optical properties of the layers included in the developed model were selected 
basing on the analysis of literature data [3-7]. Optical modeling was performed by means of TracePro-Expert 7.0.1 
Release program (Lambda Research Corporation, USA). The light source was a platform emitting in the direction of the 
nail plate oriented parallel to the surface of the nail plate, the radiation wavelength was equal to 660 nm. The distribution 
of the light intensity of the source could be preset;besides it could be uniform. The intensity of the light radiation from 
the source is 200mW/cm2. As a result of calculations, it was found that with a uniform distribution of light on the surface 
of the nail model in the area under the grinded nail plate the density of the light power absorbed by the photosensitizing 
drug is 155 mW/cm2, and in the area under the nail fold - 8 mW/cm2, i.e. the distribution of the power absorbed by the 
drug in this case is not uniform in space (despite the uniform spatial distribution of the source)that can lead to excessive 
or, on the contrary, insufficient photodynamic effect in different parts of the fungus (drug) localization area. In order to 
achieve a uniform spatial distribution of the power absorbed by the photosensitizing drug, and therefore the optimal 
photodynamic effect with an effect of hypothermia, restricted by the intensity of the light source (200 mW/cm2), two 
methods are suggest. 

First method. A source with an uneven spatial distribution of intensity. Set the intensity of light incident on the surface of 
area B (see Figure1) located under the nail fold as high as possible (restricted by the effect of hyperthermia and equal to 
200 mW/cm2), and reduce the intensity of light incident on the surface of area A (see Figure1) located under grinded nail 
plate by 19-20 times (up to 10-10.5 mW/cm2), while the timing of light exposure on the nail plate and on the nail fold 
should be equal to each other. 

Second method. Source with uneven temporal distribution. Set the intensity of the light incident on the surface of the 
areas under the grinded nail plate and under the nail foldat the same and maximum rate, but increase the irradiation time 
for area B under the nail foldby 19-20 times compared to the time of irradiation of the area under the grinded nail plate.  

Figure 2 shows the distribution of light intensity created on the surface of the optical model of a nail affected by 
onychomycosis by a source with an uneven distribution of intensity in space.The borderline between the source light 
intensity distributions is oriented along the nail cuticle. Within each of those two distributions, light is evenly distributed 
in space. 

 
(a) 

 
(b) 

Figure 2: The light intensity distribution on the surface of the optical model of the nail affected by onychomycosis created by 
a source with an uneven spatial distribution of intensity (a) and absorbed by the photosensitizing drug (b) from this source in the area 

under the grinded off nail plate (red color) and in the area under the proximal nail fold (blue color). 

One can see that with an uneven distribution of light on the surface of a developed nail model in the area under the 
grinded nail plate, the density of the light power absorbed by the photosensitizing preparation is 8 mW/cm2 and is equal 
to the density in the area under the nail fold, i.e. the distribution of the power absorbed by the photosensitizing drug in 
this case is uniform in space (despite the uneven spatial distribution of the source) that allows for the same photodynamic 
effect in different parts of the fungus (drug) localization area. 

Conclusion 

It has been demonstrated that exposure to LED radiation with a wavelength of 656±10 nm changes the absorption spectra 
of chlorin-containing photosensitizing drugs for photodynamic therapy, while an increase in the intensity and time of 
exposure to LED radiation leads to a decrease in the absorption of these photosensitizers in the range of 600-700 nm and 
a shift of their peak absorption band lying in this range in the IR area. 

It was found that in case chlorin-containing photosensitizing drugs are exposed to LED radiation with a wavelength of 
656±10 nm and a constant intensity of 180±20 W/cm2, the absorption coefficient at a wavelength corresponding to the 
drug absorption peak changes over time according to the formula: 𝑘(𝑡) = 𝐴 ∗ (𝑡 + 0.001)𝐵,where the coefficient A is in 
the range 1-2; coefficient B - in the range -0.12 ÷ -0.08. 

The original computer optical model of a nail affected by onychomycosiswas described. It has been demonstrated that if 
the spatial distribution created by LED radiation with a wavelength of 656±10 nm on the surface of toes or hands affected 
by onychomycosis is divide into two areas and if the intensity in each of them areas make different by several times and 
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if the border line between those areas will be oriented along the cuticle of the nail, then in this case possible forming up a 
uniform spatial distribution of light intensity in an area affected by onychomycosis and located under the nail. 
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Abstract 

There is an intensive growing body of evidence that sleep and the lymphatics play a crucial role in keeping the health of 
the central nervous system (CNS) via the night activation of drainage of CNS tissues and clearance of metabolites and 
neurotoxins. The ability to stimulate the brain drainage and clearing function during sleep might be a promising strategy 
in developing of innovative methods in neurorehabilitation therapy. Here we discuss that sleep is the natural driving 
factor for activation of the cerebral lymphatics and is a platform for development of innovative optical strategies in 
stimulation of drainage and cleaning function of the cerebral lymphatics. We strongly believe that this pioneering step 
will motivate researchers and industrial partners to develop novel promising devices for neurorehabilitaion medicine 
based on the night stimulation of lymphatic functions. 

1. Photostimulation of the lymphatic system 

The transcranial photostimulation (tPS) is considered as a possible novel nonpharmacological and non-invasive 
promising strategy for prevention or delay of Alzheimer’s disease (AD) [1–7], depression [8–13], Parkinson’s disease 
[14], stroke [15,16], traumatic brain injuries [17,18], post-mastectomy lymphedema [19,20], and post-surgical swelling 
[21,22]. The PS, known as low-level laser therapy, was first proposed by Endre Mester in 1967 for stimulation of hair 
growth [23] and in 1971 for wound healing [24]. The PS has broadened to include near-infrared wavelengths 600–1200 
nm. The better tissue penetration properties of near-infrared light, together with its good efficacy, made it the most 
popular wavelength range. The PS-mediated stimulation of lymphatic drainage and clearing function might be one of the 
mechanisms underlying an important role of PS in neurorehabilition [25]. Due to a good penetration of PS into the brain 
cortex, tPS can stimulate the meningeal lymphatic vessels (MLVs). In our recent pilot study on mice with the injected 
AD model, we have clearly demonstrated that 9 days course of tPS (1267 nm, 32 J/cm2 97 ) strongly reduces Aβ plaques 
in the brain which is associated with improving of the memory and neurocognitive deficit [1]. Based on our data on the 
real time monitoring of lymphatic clearance of gold nanorods (GNRs) from the cortex, the hyppocampus, the right 
ventricle, and the cisterna magna, we have proposed that the tPS-mediated stimulation of lymphatic drainage might be a 
possible mechanism underlying the tPS-elimination of Aβ from the brain. These results open breakthrough strategies for 
a non-pharmacological therapy of AD and give strong evidence that tPS might be a promising therapeutic target for 
preventing or delaying AD. We investigated possible mechanisms of tPS-stimulation of lymphatic drainage and clearance 
[26,27]. Our results demonstrate that already low PS doses (1267 nm, 5 and 10 J/cm2) cause relaxation of the mesenteric 
LVs and increase their permeability to fluorescent macrophages via a decrease of expression of tight junction and 
transendothelial resistance. We hypothesized that a PS-mediated increase in the permeability of the lymphatic 
endothelium might be the mechanism of transport of macromolecules and cells in the narrow cerebral lymphatic vessels 
(LVs). The increasing of permeability of the lymphatic endothelium is the key factor underlying lipids diffusion and 
macromolecules from the tissues to LVs, which may help to explain why the adipose tissue is always located adjacent to 
collecting lymphatics and lymph nodes [28–30]. The transport of macromolecules across the collecting LVs is coupled to 
water flux and sensitive to lymph pressure [28]. The inherent permeability of LVs is sufficient to broadcast antigens, 
passing within lymph to the cLNs [29]. Kuan et al. clearly demonstrated that the delivery of soluble antigens such as 
FITC-conjugated endogenous proteins and Eα-GFP is possible due to the permeability of the LVs [29]. This process 
exposes a large community of endocytic and phagocytic cells, particularly dendritic cells and macrophages. Physiological 
mechanisms underlying the lymphatic permeability to macromolecules remain, however, unknown. The possible role of 
Lymphatic vessel endothelial hyaluronan receptor 1 (Lyve-1) and Chemokine C-C motif ligand 21 (CCL21) might be 
involved in the regulation of migration of immune cells through the lymphatic endothelium. The Lyve-1 is a 
transmembrane receptor of hyaluronan, which regulates cell migration in the course of wound healing, inflammation, and 
embryonic morphogenesis [31]. This protein is expressed primarily on both the luminal and abluminal surface of the 
lymphatic endothelium [31,32] and plays an important role in hyaluronan transport providing for migration of immune 
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cells [33]. The CCL21 is secreted by the lymphatic endothelial cells and is involved in activation of T-lymphocyte 
movement, migration of the lymphocytes to other organs, and dendritic cells into the lymph nodes [34]. Nitric oxide 
(NO) can be another modulating factor of lymph flow [35–40]. There are multiple sources of NO that could influence on 
the LVs funtions: 1) NO production from the endothelial nitric synthase in the lymphatic endothelium; 2) NO generation 
from the inducible nitric synthase in immune cells; 3) NO release from neural nitric synthase in the parenchyma or the 
perivascular lymphatic nerves [38,40–43], 4) countercurrent exchange of NO from adjacent arteries or veins. The 
predominant NO production in the LVs occurs in the valve-bulb region [44,45]. The high-shear force of lymph flowing 
through the open valve leaflets contributes to elevating of NO levels near the valve. The NO-mediated modulation of 
valves closing and opening coordinates the flow of lymph in the LVs [46]. In sum, the data above open new strategies for 
an alternative non-pharmacological therapy of brain diseases via PS modulation of lymphatic mechanisms of drainage 
and clearance of CNS tissues.  

 
Figure 1:Schematic illustration of possible PS-stimulation of the lymphatic clearance of RBCs from the brain after ICH. The 
PS applied during deep sleep (SWA) increases the drainage and clearing functions of the MLVs, which provide the transport of 
RBCs into the dcLNs. Two systems of photo-detection and measurement of the lymph flow (see Section “Measurement of the 
lymph flow”) control the intensity of PS and the lymphatic response to PS that is automatically analyzed on PC. 

2. Potential stimulatory effects of deep sleep on drainage and clearance of the brain. 

Sleep can be the natural driving factor for activation of the drainage and clearance of the brain via the lymphatics. The 
functions of sleep have been speculated already in ancient works such as “Aristotle’s Theory of ‘Sleep and Dreams’” 
[47]. However, only recently researchers have discovered that sleep has a crucial function of clearance of metabolites and 
neurotoxic wastes from the brain [48,49]. The clearance of toxic proteins such as beta-amyloid (Aβ) [50] and tau [51] 
from the brain strongly depends on sleep and neural activity [49,52–54]. Notice that not all stages of sleep are involved in 
the drainage and clearing functions of the brain. The electrical brain activity measured by the electroencephalography 
(EEG) during wakefulness is characterized by a small amplitude pattern. During most part of sleep, called non-rapid eye 
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movement (NREM) sleep, which accounts 80% of total time of sleep, EEG exhibits a large amplitude oscillatory pattern 
with a slow wave activity (SWA, one second long) periodicity. This SWA, known as deep sleep, plays a crucial role in 
the restorative functions and quality of sleep [55,56]. The deep sleep or SWA is actively discussed in recent publications 
as the main mechanisms of activation of the drainage and clearing functions of the brain. Indeed, Xie et al. demonstrated 
that cerebral spinal fluid (CSF) tracer influx into the mouse brain is largely reduced by 95% in the awake state [49]. 
However, during deep sleep tracer fast moves along the interstitial space and the parenchymal spaces that are increased 
by 60% compared with the awakeness. Based on the studies with humans Fultz et al. reported the high CSF and 
hemodynamic oscillation during SWA illustrating a potential bridge between NREM and activation of the drainage 
function of the brain [48]. These findings hint a potential bridge between deep sleep and activation of the repair and 
restorative functions of the cerebral lymphatics. Many studies have shown that the methods for an enhance of SWA 
demonstrate the efficacy for therapy of such serious neurodegenerative diseases such as AD [57], schizophrenia [58], and 
also in normal aging process [59]. The effectiveness of SWA enhancement for improvement of verbal declarative 
memory [60], object location memory [61], and picture memory [62] has been shown in several human studies.  

Taken together the facts about the crucial function of deep sleep (SWA) in the drainage and clearing functions of the 
brain as well as about PS-mediated effects on MLVs, we hypothesize that PS-stimulation of the lymphatic drainage and 
clearance during deep sleep might be a promising tool for clearance of toxins such as Aβ, red blood cells (RBSs), and 
waste products from the brain (see Figure 1). 

This work was supported by RF Governmental Grant № 075-15-2019-1885, Grant from RSF № 20-15-00090 and 19-15- 
00201, Grant from RFBR 19-515-55016 China a, 20-015-00308-a. 
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Abstract  

Biomedical photonics is currently one of the fastest growingfields of life sciences, which allows structural and functional 
analysis of tissues with high resolution and contrast unattainable by any other method [1-3]. However, the high scattering 
of turbid biological tissues limits the penetration of light, leading to strongly decreased imaging resolution and contrast as 
light propagates deeper into the tissue [4, 5]. Fortunately, novel tissue optical clearing technique could reduce the 
scattering of tissue and make it transparent for higher optical imaging quality [6-9]. This presentation will introduce the 
recently developed in vitro optical clearing methods for whole organs imaging, including FDISCO and MACS [10, 11]. 
And then I will demonstrate in vivo skull/skin optical clearing window for imaging structural and functional of cutaneous 
/ cortical vascular and cells, also manipulating cortical vasculature [12-14]. 

 
Figure 1:LSFM imaging of neural structures in the mouse brain and gastrocnemius muscle after FDISCO clearing. (A) Image of the 
whole brain (Thy1-GFP-M)cleared by FDISCO. (B) Comparison of the high-magnification images of the cleared brains assessed 
immediately after FDISCO, 3DISCO, and uDISCO clearing. The whitearrowheads mark the tiny nerve fibers detected. For different 
clearing methods, the same imaging parameters and image processing methods were used for the sameregions. (C) Images of cortical 
neurons in the FDISCO-cleared brain taken at 0 and 150 days after clearing, respectively. The neurons (e.g., white arrowheads) could 
stillbe viewed well after 150 days. (D) Fluorescence level quantification of cleared brains over time after FDISCO, 3DISCO, and 
uDISCO clearing (n = 4, 3, and 3, respectively).(E) 3D reconstruction and segmentation of nerve branches (green) and motor 
endplates (red) of the gastrocnemius muscle (Thy1-YFP-16) cleared by FDISCO. (F) Highmagnification images of the dashed boxed 
region in (E). [10] 
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Figure 2: MACS for imaging various organs and embryo of neural structures and function [11].  

 
(a) 

 
(b)                                                     (c) 

Figure 3: (a) In vivo skin optical clearing for blood flow imaging[15]; (b) in vivo skull optical clearing for cortical neural imaging 
and (c) cortical vascular functional imaging [12, 13, 15]. 
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Abstract 

Accurate identificationof surgical marginsfor malignancy remains a challenge in the surgical therapy of cancer, and this 
encountered interoperative difficulties which directlycontribute to the prognosis of patients. In recent years, indocyanine 
green (ICG) has been approved and applied in clinical settings for lesions detection, especially for the precise surgical 
resection. However, rapid clearance and poor stability greatly limit its clinical practicality. Herein, a super-stable 
homogeneous iodinated formulation technology (SHIFT) is designed to realize sufficient dispersion of ICG into lipiodol 
(SHIFTs) for fluorescence-guided transcatheterembolization (TAE). Particularly, SHIFTs is prepared in a green physical 
mixture via a carrier-free manner, which possesses controlled morphology, long-term stability, and improved optical 
characteristics of ICG (fluorescence/photoacoustic/photothermal activities). Furthermore, the viscosity of the synthetic 
solvent is comparable to lipiodol, and further assessmentdemonstrated the same efficacy in computed tomography. The 
performance of SHIFTs in the fluorescence navigation was further evaluated in vivo by TAE therapy to the rabbit VX2 
tumor model for a two-week monitor. The integration of near-infrared fluorescence surgery navigation and TAE could 
effectively guarantee the precise resection for hepatocellular carcinoma. This SHIFT system (Figure 1) provides good 
potentials for ameliorating the dilemma of precise fluorescent navigation for surgical resection after arterial embolization 
in clinical practice[1,2]. 

 
Figure:. Schematic illustration of SHIFT as a revolutionary strategy for TACE. The clinic drugs and lipiodol are introduced to 

develop formulations with SHIFT at a controlled temperature and pressure, overcoming current challenges in the HCC treatment with 
TACE[2]. 
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Abstract 

Recently, polarization technique has found more and more application prospects in the field of biomedicine, with the 
emergence of new light sources, polarization devices, and detectors, together with a rapid development in data processing 
and feature mining capability, and a prominent increasein polarization data measurement and interpretationmethods. 
Muller matrix polarimetry has obvious advantages in exploring the characteristics of complex biomedical specimens [1-
4].Mueller matrix polarization analysis can be realized on other optical technologies by properly adding the polarization 
state generator and analyzerto the existing optical path in common optical devices, such as Mueller matrixmicroscopes 
and endoscopes [5,6]. In addition, Mueller matrix polarization method is more sensitive to the scattering of sub-
wavelength microstructure.Compared with the traditional non-polarization optical method, Mueller matrix polarimetry 
canprovide more information to characterize the samples, including the anisotropic optical properties, such as 
birefringence and diattenuation, as well as the distinctive features of various scatteringparticles and microstructures. At 
present, the main challenge of the application of Mueller matrix imaging methods in biomedical research is: how to 
analyze the obtained polarization data, that is, how to separate and derive specific polarization parameters to characterize 
target structures and meet the requirements in biomedical detection [7]. In order to break through this bottleneck, our 
research group has tried to develop a series of polarization feature extraction methods based on machine learning and 
shown preliminary application prospects in cancer pathological diagnosis.  

The process of digitizing the Whole-Slide Images (WSI) of pathological tissues has led to the advent of Machine 
Learning (ML) tools in digital pathology to help with various tasks [8], including object recognition problems, and 
predicting disease diagnosis and prognosis of treatment response on patterns in the standard pathological image. 
Combined with polarimetrytechnique and data mining methods, we proposed a series of new methods that can derive 
new polarimetry feature parameters (PFPs) as linear or nonlinear combinations of polarimetry basis parameters (PBPs) to 
quantitatively and automatically identify the target microstructures in pathological sections, which can be used as a 
powerful tool in histopathological digitalization and computer-aided diagnosis [9]. 

In our research work, we took microscopic Mueller matrix images of H&E pathological sections of several typical breast 
tissues: healthy breast tissue, breast fibroma, breast ductal carcinoma, and breast mucinous carcinoma. Then sets of 
polarization parameters from Mueller matrix polar decomposition (MMPD) [10] and from our previous studies 
[7,11,12]were used as the PBPs for input data of training models. Then, a supervised learning method based on linear 
discriminant analysis (LDA) is used to derive new PFPsbased on the polarization characteristics of the target 
microstructure, which are linear combinations of PBPs. Here, we obtained 12 PFPs to describe the three cancer-related 
pathological features in each typical breast pathological tissue, i.e. cell nuclei, aligned collagen, and disorganized 
collagen, as shown in Fig. 1. The training and testing of PFPs were completed in 224 regions of interests (ROIs). By the 
validation of the PFPs performance with the corresponding H&E images as ground truth, it can be concluded that: (1) the 
performance of PFPs in identifying the carcinogenesis related microstructures is satisfactory (AUC 0.87-0.94, accuracy 
0.82-0.91, precision 0.81-0.95, and recall 0.80-0.98), which has the potential to automate the diagnosis process and 
predict patient survival and prognosis; (2) PFP is the simplified linear function of the PBPs with physical meanings, 
providing quantitative characterization for target pathological feature and allowing in-depth analysis of physical 
interpretation; (3)Benefitting from the advantages of polarization imaging (sensitive to sub-wavelength microstructures 
and less sensitive to imaging resolution), the outputs PFPs with high sensitivityhas the potential to rapidly scan and 
quantitatively analyze the whole pathological section in the low-resolution and wide-field systems. 

On the basis of the previous work, in order to quantitatively characterize more specific microstructures, we designed a 
neuron network according to the target microstructure characteristics and the corresponding polarization properties, 
output more complex nonlinear PFPs. Here, we took advantage of Bayesian decision theory and Conditional probability 
model to find the nonlinear combination from PBPsconstrained under the increasing given conditions which correspond 
to more specific microstructures in breast pathology. The algorithm architecture for deriving nonlinear PFP is shown in 
Fig. 2.In the previous work, we derived PFP that can characterize all types of cell nuclei in breast tissue, as the simplest 
linear combination of PBP, denoted as P(Cell) here. In order to further extract the PFP that can characterize the 
cancerous cellnuclei, we used the Lasso regression method to extract an interim PFP as the linear combination of PBP 
under the given condition that all pixels are known to be celldenoted as P(Cancer cell | Cell), aiming to distinguishnormal 
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cell and cancerous cell. According to Bayesian theory, P(Cell) and P(Cancer cell | Cell)can be multiplied to get a final 
nonlinear PFP, namely P(Cancer cell), which can quantitatively characterize cancerous cell nuclei from complex breast 
tissue. Similarly, by continuing to add neurons (each neuron is a conditional probability model), we can separately 
extract two nonlinear PFPs which has great potential to quantitatively characterize highly differentiated cancerous cancer 
cells and low-differentiated cancer cells in breast tissues. 

 
Figure 1:Quantitative characterization of cell nuclei (blue pixels), aligned collagen (red pixels), and disorganized collagen (orange 
pixels)using the PFPs in H&E pathological sections of different breast tissues: (a) healthy breast tissue; (b) breast fibroma; (c) breast 
ductal carcinoma; (d) breast mucinous carcinoma. The areas inside the black solid line and outside the red solid line in H&E images 
are the target microstructural features labelled by the breast pathologist. The image size is 800×800 pixels[9]. 

 
 

Figure 2: Algorithm architecture for deriving nonlinear PFPs to characterize more specific microstructure feature in breast 
pathological tissues. 
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Figure 3 summarizes the characterization results of these nonlinear PFPs derived by the proposed method. The cell nuclei 
with different pathological states in WSIs were labelled by pathologists under 40× objectivemanually as ground truth, 
whereas, PBPs of breast pathological tissues, as the input data of designed ML model, were obtained under 4× objective. 
From Fig. 3, we can observe that the performance of these PFPs is satisfactory, which has the potential to quantitatively 
characterize more and more specific microstructures in breast tissues. Each neuron is a probability model composed of 
PBP according to the pathological structure, which has certain physical interpretability. In addition, in the low-resolution 
and wide-field systems, the PFPs are more sensitive than human vision to the cancer cells with different degrees of 
differentiation, and may provide quantitative evaluation for breast cancer diagnosis. This technique paves the way for 
cancer primaryscreeningin clinical practice. 

 
Figure 3: For different breast pathological cells-normal breast cell, low level breast cancer cell, and high level breast cell, the 

characterization results of nonlinear PFPs: (a) P( Cancer cell); (b) P( Low level cancer cell); (c) P(High level cancer cell). 
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Abstract 

Gap-enhanced Raman tags (GERTs) are emerging probes of surface-enhanced Raman scattering(SERS) spectroscopy 
that have found promising analytical, bioimaging, and theranostic applications [1-5].Because of their internal location, 
Raman reporter molecules are protected from unwantedexternal environments and particle aggregation and demonstrate 
superior SERS responses owing tothe strongly enhanced electromagnetic fields in the gaps between metal core–shell 
structures. However, long-term live-cell Raman bioimaging is limited due to the photodamage from a relatively long 
exposure time and a high laser power, which are needed for acquiring detectable Raman signals. 

In thistalk, we will briefly discuss recent progress in the synthesis, simulation, and experimental studies of theoptical 
properties and biomedical applications of novel spherically symmetrical and anisotropicGERTs fabricated with common 
plasmonic metals—gold (Au) and silver (Ag).Next, we attempt to resolve this photodamage issue by developing 
ultrabright gap-enhanced resonance Raman tags (GERRTs), consisting of the petal-like Au core and Ag shell with near-
infrared resonant reporters of IR-780 embedded in between, for long-term and high-speed live-cell imaging [6]. GERRTs 
exhibit the ultrahigh Raman intensity down to a single-nanoparticle level in the aqueous solution and solid state upon 785 
nm excitation, allowing for high-resolution time-lapse live-cell Raman imaging with an exposure time of 1 ms per pixel 
and a laser power of 50 μW. Under this measurement condition, we can possibly capture dynamic cellular processes with 
a high temporal resolution, and track living cells for long periods of time owing to the reduced photodamage to cells. 
These nanotags open new opportunities for ultrasensitive, low-phototoxic, and long-term live-cell imaging. 

 
(a) 

 
(b) 

 
Figure: (a) Scheme of a GERRT, and (b) GERRTs-based live cell bioimaging; 
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Abstract 

Optical coherence tomography(OCT) has been widely used in clinical applications. Using the Fourier domain technique 
based on a high speed wavelength swept source, swept source OCT (SSOCT) has increasingly gained attention for its 
relatively simple system structure and high imaging speed [1].In spite of all the advantages of SSOCT, there arestill some 
impediments that hinder the application in clinic. Since the light strongly attenuates in biological tissues, the image 
quality of optical coherence tomography (OCT) decreases rapidly with imaging depth.Numerical methods have been 
reported to compensate for the signal decay based on analysis of OCT signals [2-5] to increase the contrast and quality of 
deep tissue image.  However, considering that the commonly used analog to digital converter of an SSOCT system is 
hard to fulfil the wide range of the backscatteredOCT signal [6], weak light signal from deep tissue might be embedded 
in the quantization noise of the analog to digital converter. Hence, the numerical methods cannot digitally recover the 
weak signals submerged in the background noise. 

In this paper, we designed and used a frequency gain compensation amplifier to amplify the electrical signal from a 
photodetector and compensate for the signal attenuation in swept source OCT. With this amplifier, we can compress the 
dynamic range of the detected signal for superior analog to digital conversion and image display capability. 

As illustrated in Fig. 1(A), (C) and (E), the signal intensity and the contrast of the OCT image decay with increasing 
depth resulting in low visibility in deep tissue. While the OCT images after compensation present an improved visibility 
of the deep structure and a more uniform contrast through the image as shown in Fig. 1(B), (D), and (F), demonstrating 
that this cost-efficient technique can effectively enhance the contrast of the deep tissue image. 

 
Figure:OCT imagesof human skin without (A) and with (B) compensation, a fingernail without (C) and with (D) compensation, a pig 

tracheawithout (E) and with (F) compensation. (scale bar: 500 μm) 
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Abstract 

Photoacoustic microscopy (PAM), benefiting from rich optical contrast, scalable acoustic resolution and deep penetration 
depth, is of great importance for the fields of biology and medicine. The introduction of new scanning 
devices/mechanisms and fast pulsed lasers enables high spatiotemporal resolution and compact configuration. However, 
limited by the size and performance of reported optical/acoustic scanners, existing PAMs are bulky, heavy, and suffer 
from low imaging quality/speed. In this talk, I will present a multiscale photoacoustic microscopic platform consisting of 
large-field-of-view PAM, portable PAM, handheld PAM and endoscopic PAM, which are capable of meeting various 
requirements of both fundamental and clinical studies. 
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Abstract  

Optical microscope is one of the most basic optical instruments and has been successfully applied to many fields. The 
related research has won three Nobel Prizes in modern times, covering physics and chemistry. How to use novel optical 
microscopy to carry out high-resolution visual monitoring inside living organisms has always been a goal pursued by 
optical imaging and biomedical researchers. In this talk, the recent development of optical microendsocpy in my group 
will be presented. The talk will introduce two unique core devices: PZT-based fiber scanner and micro-objective lens 
used in optical fiber confocal microscope, and explain the principles of them, as well as the first domestic medical 
confocal endoscopic instrument that can realize real-time visualization of mucosal cells of the human digestive tract; 
present the applications of microendoscopy. The developed instrument has been applied to the clinical diagnosis and 
treatment of gastric diseases, and its technical transformation has been applied to study brain functions (rewards, memory 
circuit for place navigation, etc.)shown in Fig. 1. 
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Figure 1: A high sensitivity fiber photometry for axon terminal calcium signal recording.(a) The GCaMP5G virus labeled 
the MECII-DG circuit and measured calcium signals with optical fibers above its axon terminals; (b) Schematic of the 
Morris water maze navigation task; (c) During the learning process of water maze task, the calcium signal amplitude of 
mouse MECII-DG circuit increased and finally presented continuous activity; (d) Impairment of place navigation by 
photoinhibition of the MECII-DG projection activity；(e) Photograph showing the four-channel fiber probe which was 
arrayed into a form of square; (f) Post hoc histology after multichannel fiber recording showing the recording positions of 
four fibers in MECII-DG axon terminals; (g) Example showing Ca2+ signals of four individual channels in MECII-DG 
projection during freely exploring. 
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Abstract 

Optical microscopy imaging technology is a research hotspot in the field of biomedical photonics. In the past two 
decades, optical microscopy imaging technology has developed very rapidly, constantly breaking through the traditional 
limits, and increasingly used in the research on subcellular, cellular, tissue and in vivo imaging research，providing a 
unique perspective for real-time dynamic observation of life systems and solving many key scientific issues in the field 
of "biomedical photonics". 

Our research group has carried out many years of basic application research of nonlinear optical microscopy imaging 
technology in biomedicine, covering Two-photon Excitation Fluorescence(TPF), Second-Harmonic Generation(SHG), 
and Stimulated Raman Scattering(SRS) at different levels of molecules, cells, tissues, and living bodies. These optical 
imaging technologies provide powerful technical support for the monitoring of the microenvironment during tumor 
treatment. With the help of mature optical microscopic imaging technology, the clinical progress of qualitative and 
quantitative analysis of the microenvironment during tumor treatment can be promoted. 

Tumor microenvironment refers to the internal and external environment in which tumors occur, grow and metastasize. 
The relationship between tumor microenvironment and tumor is called "seed and soil". In the process of tumor diagnosis 
and treatment, tumor microenvironment plays a vital role. Therefore, imaging monitoring of the tumor microenvironment 
has become an assessment method in the process of tumor treatment.  

This report mainly introduces the research work of non-linear optical microscopy imaging technology in tumor 
microenvironment imaging carried out by our team recently, including tumor metastasis path, intracellular calcium ion 
regulation, etc. 

 
Figure 1:Specifific laser and dye were required for LIDSICA. (a) Cells in a Petri dish were stimulated by a 640 nm laser, and the Ca2+ 
levels were indicated by a 488 nm (for Fluo-4) or 561 nm (for Rhod-2) laser via a 60× objective. (b, c) OV3 cells stimulated 15× in 
100 s showed a Ca2+ rise of ~37% (green, indicated by Fluo-4) (b) or of ~155%(yellow, indicated by Rhod-2 in another cell) (c). 
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Figure2: Comparison between stain-free MAMG microscopy and H&E histopathology in a cancer colony followed by cancer-
associated angiogenesis (star) as backup. 
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Abstract  

It is well known that low-intensity laser irradiation of living tissues evokes s a number of responses [1]. 
However, the specific mechanisms of action of a focused laser beam on individual cells and their small 
ensembles have been much less studied.  One of pioneering work is [2] where actions of an argon laser of 
514nm on mouse vessels were studied. In [3] the responses of aorta of white rabbits an exmeric laser 
irradiation was found dependant on specific treatment (norepinephrine versus nitroglycerin).  In [4] both 
vasodilation of the vessels under study and an increase in the blood flow velocity were observed in response to 
the irradiation by He−Ne laser with a wavelength of 630nm, depending on the location of the vessel. A review 
[5] listed a group of studies showing that laser exposure to blood inside a vessel can stimulate a short-term 
release of nitric oxide (NO) by red blood cells, which in turn has a vasodilating effect.  

We present the results of the experimental studies on the effect of a highly localized laser irradiation on the 
activity of cells in the vascular wall of blood and lymph vessels. The initial goal of our work was to propose a 
new method of localized and reversible (non-destructive) action on the microcirculatory network in order to 
study what changes will be observed in neighboring vessels. The experimental setup (Fig 1, a) allowed the 
dose-controlled irradiation of small portion of a vessel consisted of a few cells of the vascular wall and the 
lumen of the vessel itself.   The intensity of irradiation was empirically adjusted so as to achieve a pronounced 
vasomotor reaction, but not damage the vessel itself by heating. We studied the reactions of blood vessels in 
the chorioallantoic membrane of chick embryos grown both in ovo and ex ovo. The study of the reactions of 
the lymphatic vessels was carried out on the mesentery of the rat. 

(a) 
 

(b) 

Figure 1: The experimental setup (a) and the representative response (reversible constriction) of small arterial 

vessel to the focal irradiation by the 405 nm laser 

The main result of our studies is that the correctly selected irradiation dose always triggers a vasomotor 
response. The details depends on the wavelength of the laser used, but this dependence can also be explained 
by the different degree of absorption of radiation by tissues, that is, the type of reaction may be regarded dose-
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dependent. The fact that laser irradiation stimulates the contractile activity of the lymph vessels suggests that 
the reactions of the vascular wall cells play an important role in the observed effects.  The practical application 
of the developed method to the study of the network blood flow allowed us to visualize complex interrelated 
reactions in several (up to 5) neighboring vessels of the network. The research was supported by RFBR grant 
#19-515-55016.  
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Abstract 

The resolution of an optical imaging system, a microscope, is always theoretically limited due to the physics 
of diffraction [1]. Memorial to Ernst Karl Abbe, who approximated the diffraction limit of a microscope as, 
d=λ/2nsinθ, where d is the resolvable feature size, λ is the wavelength of light, n is the index of refraction of 
the medium being imaged in, and the term “nsinθ” representing the numerical aperture[1]. Theoretically, the 
full width at half maximum (FWHM) of the point spread function (PSF) for the N-photon microscopic 
imaging could be described by the formula d=λ/(2nsinθN1/2), (N≥2), which, in principle, helps to improve the 
resolution. It is challenging to resolve the contradiction of high-order nonlinearity and required short 
excitation wavelength. Lanthanide-doped photon upconversion nanoparticles (UCNPs) are capable of 
converting low-intensity near-infrared light to UV and visible emission through the synergistic effects of light 
excitation and mutual interactions between doped ions[2]. To overcome these problems, we propose visible-
to-visible four-photon ultrahigh resolution microscopic imaging by using a common cost-effective 730-nm 
laser diode to excite the prepared Nd3+-sensitized upconversion nanoparticles with the obtained lateral 
resolution as high as 161-nm[3]. The stimulated emission depletion (STED) microscopy that has broken the 
diffraction limit of optical microscopic imaging has become crucial methods for molecularly-resolved 
imaging in the life sciences and beyond [4,5], with the resolution governed by d=λ/(2nsinθ(1+I/Isat)1/2. In 
2015, as shown in (Fig.1), we firstly demonstrated the potential of UCNPs for multi-photon super-resolution 
microscopy [1]. In 2017, our group has developed a novel low-power CW laser enabled STED mechanism 
using optimized lanthanide upconversion nanoparticles [7]. We have experimentally achieved highly 
efficient, absolutely non-bleaching cytoskeleton STED imaging at subcellular scale. These findings have great 
potential in super-resolution microscopy [8]. Can we break the theoretical limit of Isat, like breaking the 
diffraction limit? Yes, very recently we have successfully broken the limit of Isat by two orders using new 
depletion mechanism for further pull down the laser power for super-resolution. 

 
Figure 1:(a) Proposed mechanism of luminescence generation of 795-nm laser excited NaYF4:Yb3+/Er3+ 

UCNPswith/without 1140-nm irradiation. (b) Luminescence intensity of NaYF4:Yb3+/Er3+ UCNPs under 795-nm CW 
excitation with/without 1140-nm irradiation. Inset figure: the amplified luminescence spectra from 350 nm to 500 nm[6]. 
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Figure 2: Immunofluorescence labeling of cellular cytoskeleton protein desmin with antibody conjugated UCNPs and 
super-resolution imaging. (a) The multiphoton imaging under 975 nm excitation of some cytoskeleton structures and 
desmin proteins in HeLa cancer cells incubated with anti-desmin primary antibody and immunostained with UCNPs 
(~11.8 nm in diameter) bioconjugated with goat Anti-rabbit IgG secondary antibody. (b) The same region with (a) imaged 
in the super-resolution mode (975 nm excitation and the 810 nm STED laser beam). Scale bars: 2 μm. (c-n) Magnified 
areas selected from a, b (marked by white dotted squares) and line profile analyses; Images in c, f, i and l are taken from 
the white dotted squares in a; Images in d, g, j and m are taken from the white dotted squares in b. (e, h, k, n) Line profiles 
analyses of several areas indicated by arrow heads in c and d, f and g, i and j, and l and m, respectively[7]. 

Rerences 
[1] Abbe, E., Beiträge zur Theorie des Mikroskops und der mikroskopischen Wahrnehmung. Archiv für 

Mikroskopische Anatomie 1873,9, 413-468. 

[2] Xu, C. T.; Zhan, Q.; Liu, H.; Somesfalean, G.; Qian, J.; He, S.; Andersson-Engels, S., Upconverting nanoparticles 

for pre-clinical diffuse optical imaging, microscopy and sensing: Current trends and future challenges. Laser & 

Photonics Reviews 2013,7, 663-697. 

[3] Wang, B.; Zhan, Q.; Zhao, Y.; Wu, R.; Liu, J.; He, S., Visible-to-visible four-photon ultrahigh resolution 

microscopic imaging with 730-nm diode laser excited nanocrystals. Opt Express 2016,24, A302-A311. 

[4] Hell, S. W.; Wichmann, J., Breaking the diffraction resolution limit by stimulated emission: stimulated-emission-

depletion fluorescence microscopy. Opt. Lett. 1994,19, 780-782. 

[5] Willig, K. I.; Rizzoli, S. O.; Westphal, V.; Jahn, R.; Hell, S. W., STED microscopy reveals that synaptotagmin 

remains clustered after synaptic vesicle exocytosis. Nature 2006,440, 935-939. 

[6] Wu, R.; Zhan, Q.; Liu, H.; Wen, X.; Wang, B.; He, S., Optical depletion mechanism of upconverting 

luminescence and its potential for multi-photon STED-like microscopy. Opt Express 2015,23, 32401-32412. 

[7] Zhan, Q.; Liu, H.; Wang, B.; Wu, Q.; Pu, R.; Zhou, C.; Huang, B.; Peng, X.; Ågren, H.; He, S., Achieving high-

efficiency emission depletion nanoscopy by employing cross relaxation in upconversion nanoparticles. Nature 

Communications 2017,8, 1058. 

[8] Peng, X.; Huang, B.; Pu, R.; Liu, H.; Zhang, T.; Widengren, J.; Zhan, Q.; Ågren, H., Fast upconversion super-

resolution microscopy with 10 μs per pixel dwell times. Nanoscale 2019,11, 1563-1569. 



53 
 

DOI 10.24412/cl-36013-2020-1-53-53 

MEDICAL APPLICATIONS OF IR AND THZ LASER MOLECULAR IMAGING 
AND MACHINE LEARNING 

YU.V.KISTENEV1,3, A.V.BORISOV 1,3, A.I.KNYAZKOVA1,2, D.A.VRAZHNOV1,2, V.E SKIBA1, 
V.V. PRISCHEPA1, A.CUISSET4 

1National Research Tomsk State University, Tomsk, Russia 
2Institute of Strength Physics and Materials Science SB RAS, Tomsk, Russia 

3Siberian State Medical University, Tomsk, Russia 

4Université du Littoral Côte d’Opale, Dunkerque, France 

Abstract 

The problem of relevant information extracting from 2D and 3D laser molecular imaging experimental 
data, which can be used for medical diagnosis, is of great importance. Due to the high dimension of 
molecular imaging data, methods of mathematical statistics become inefficient. To overcome this 
problem, we use a machine learning approach. A typical machine learning pipeline is shown in Fig.1. 

 

   Figure 1: A typical machine learning pipeline. 

The peculiarities of molecular imaging in IR and THz spectral ranges, methods of extracting of 
informative features from experimental data, and creating of prognostic models for medical diagnosis 
using machine learning methods will be discussed for three fields of applications: diagnostics using 
breath air or biofluids spectral analysis, and noninvasive tissue spectroscopy and visualization. 
 
This work was performed under the Government statement of work for ISPMS Project No. III.23.2.10, 
and with partial financial support from the Russian Foundation for Basic Research, Grant No. №17-00-
00275 (17-00-00186). 
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Abstract 

Currently, optical methods are widely used in medicine. They are easy to use and minimally invasive. 
However, their application and improvement require the most accurate information on the optical 
properties of tissues and their components. The refractive index (RI) is one of the major parameters, 
which characterizes how light interacts with biological tissue. In addition, the RI could be different for 
healthy and pathological tissues, which makes it possible to use RI as a biological marker.[1, 2]. 

We studied the refractometric properties of rat serum in the development of liver cancer in the visible, 
NIR and THz ranges. Studies were performed on laboratory animals for three groups: control, 14 days 
and 28 days after transplantation of the tumor into the area of the scapulae. The refractive index in the 
visible and NIR regions was measured using multi-wavelength Abbe refractometer DR-M2/1550 
(Atago, Japan). Measurements for the THz region were performed on the terahertz (THz) time-domain 
spectrometer. The dispersion dependence for the visible, NIR, and THz regions is presented in Fig. 1. 

 
(a) 

 
(b) 

 
(c) 

Figure 1:Dispersion of serum samples: A - for visible and NIR spectral ranges, B – for THz spectral range; C - 

The correlation between the refractive index at a wavelength of 589 nm and the normalized (to water) amplitude of 

the THz transmittance of Tp of the blood serum. (1 is control group (triangles), 2 is group after 14 days (squares), 

3 is group after 28 days (circles)). 
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The decrease in the RI in the visible region during the development of oncologic disease in animals is 
due to a decrease in protein concentration, since the concentration of protein in the blood is linearly 
related to the refractive index. The high correlation between the data in the THz and visible regions, for 
example, makes it possible to reconstruct the dispersion dependence in the THz region from known 
values of the refractive index in the visible region and from the absorption coefficient in the THz 
region using the Kramers–Kronig relations. 

Acknowledgements: The studies were funded by RFBR project № 17-00-00275 (17-00-00270, 17-00-
00272). 
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Abstract  

Cancer immunotherapy has become one of the most promising therapeutic approach for cancer 
treatment through harnessing and boosting the patient’s own immune system to eliminate both the 
primary and metastatic tumor cells [1]. Although it has achieved great success in clinic recently, the 
objective response rate (ORR) of immunotherapy including checkpoint inhibitors such as PD-1 or PD-
L1 antibodies and chimeric antigen receptor T-cell (CAR-T) therapy in most solid tumors, is still 
extremely limited due to that most solid tumors are featured as cold tumor, characterized as tumor 
heterogeneity [2], hypoxic microenvironment [3], restricted tumor-infiltrating lymphocytes [2], weak 
immunogenicity[3], and high expression of immune-inhibiting molecules [4]. Therefore, there is an 
urgent need to develop new strategies to reverse the “cold” state of solid tumors, and combined with 
other treatment paradigm to improve the therapeutic outcomes of immunotherapy.  

Our group is focusing on developing novel nanomedicine to combine immunotherapy with other 
therapeutic modalities, such as photodynamic therapy (PDT) or photothermal therapy (PTT) to improve 
the response rate of different immunotherapy paradigm. PDT has been extensively studied in solid 
tumor treatment, while it usually aggravates tumor hypoxia, which promotes the survival and 
metastasis of residue cancer cells; although it has been reported that PDT also could induce 
immunogenic death of cancer cells to activate host anti-tumor responses, but such responses were 
generally week and not enough to eliminate the residue cancer cells; therefore, the tumors always 
suffer fast recurrence after PDT treatment. To resolve these problems, we designed metal-organic 
framework (MOF) based nanoparticles to combine PDT, anti-hypoxic signaling, and CpG adjuvant as 
in-situ immunostimulant to boost the host anti-tumor responses after PDT. The MOF based 
nanoparticles were self-assembled through the coordination of photosensitizer (H2TCPP) and 
Zirconium ions (named as PCN); the HIF-1α inhibitor acriflavine (ACF) was loaded into the pores of 
PCN, and the immunologic adjuvant CpG was successively coated on the surface; afterwards, the 
hyaluronic acid (HA) was coated on the out surface. The aggravated hypoxic survival signaling after 
PDT could be blocked by ACF to inhibit the HIF-1α induced survival and metastasis. With the help of 
CpG adjuvant, the tumor associated antigens generated from PDT based cancer cell destruction could 
initiate strong antitumor immune responses to eliminate residue cancer cells. By integrating these 
strategies, our designed novel MOF system could significantly improve the cancer therapeutic 
efficiency both in vitro and in vivo (Figure 1 Left)[3]. 

https://doi.org/10.24412/cl-36013-2020-1-56-58
mailto:xiaoloong.liu@gmail.com


57 
 

 

Figure 1: (Left) Schematic illustration of the preparation procedure and the working principle of PCN-ACF-

CpG@HA to integrate PDT, anti-hypoxic signaling and CpG adjuvant as in-situ immunostimulant. (Right) 

Schematic illustration of the mechanism of BFVs that generate robust antitumor immune responses.BFVs 

synergistically improve immunotherapy by converting immune cold into hot. 

To systematically converting the immune cold tumor to hot tumor, we developed biosynthetic 
functional vesicles (BFVs) to integrate strategies including overcome hypoxia, induce immunogenic 
cell death and immune checkpoint inhibition to boost systematic antitumor immunity. The BFVs 
presents PD1 and tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) on the surface, 
while loads catalase into its inner core. The TRAIL can specifically induce immunogenic death of 
cancer cells to initiate immune response, which is further synergistically strengthened by blocking 
PD1/PDL1 checkpoint signal through ectogenic PD1 proteins on BFVs. The catalase can catalyze high 
level of H2O2 in tumor microenvironment to produce O2 to overcome tumor hypoxia, in turn to 
increase infiltration of effector T cells while deplete immunosuppressive cells in tumor. The 
comprehensive immuno-modulating ability of BFVs elicits robust and systematic antitumor immunity, 
as demonstrated by significant regression of tumor growth, prevention of abscopal tumors and 
excellent inhibition of lung metastasis (Figure 1 Right) [2]. 

 

Figure 2:(Left) Schematic illustration of Artifical engineered NK cells combined with anti heat endurance strategy 

for improving the therapeutic efficiency of PTT. (Right) (a) Schematic illustration of CSP@IL-12 nanocomplex 

synthesis. (b) The mechanism of anti-tumor effects of CSP@IL-12 nanocomplex for synergistic PTT and IL-12 

cytokine therapy by tumor local administration. 

PTT has also been pre-clinically applied in solid tumor treatment, while the incomplete tumor removal 
of PTT and heat endurance of tumor cells would induce significant tumor relapse after treatment. To 
overcome these shortages, we designed a programmable therapeutic strategy that integrated PTT agents 
(PTAs) for MRI guided phototherapy, DNAzymes for anti-heat endurance, and artificial engineered 
natural killer (A-NK) cells for adoptive immunotherapy. The novel PTAs exhibited excellent light-to-
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heat conversion ability, tumor micro-environment enhanced T1-MRI guiding ability, and anti-heat 
endurance ability through activating DNAzymes by released Mn2+ after PTT to cleave HSP70 mRNA. 
Furthermore, the artificial engineered NK cells could specifically eliminate any possible residual tumor 
cells after PTT, to systematically enhance the therapeutic efficacy of PTT and avoid tumor relapse. 
Overall, we highlighted the potential of A-NK cells combined with anti-heat endurance as powerful 
adjuvant for immuno-enhancing photothermal therapy efficiency of solid tumors (Figure 2 Left)[4]. 
Furthermore, a novel photothermal and gene co-delivery nanoparticle, with CuS inside the SiO2 pore 
channels and PDMAEMA polycation on the outside of SiO2 surface, is also explored for tumor 
localized NIR II PTT and in situ immunotherapy through local generation of IL-12 cytokine. The 
resultant CSP integrated with the plasmid encoding IL-12 gene (CSP@IL-12) exhibited excellent gene 
transfection efficiency, outstanding NIR-II PTT effect and excellent therapeutic outcomes both in vitro 
and in vivo. Such an in situ synergistic therapy modality could significantly induce systemic immune 
responses including promoting DC maturation, CD8+ T cell proliferation and infiltration to efficiently 
eliminate possible metastatic lesions through abscopal effects. Hence, this creative synergistic strategy 
of NIR-II PTT and IL-12 cytokine therapy might provide a more efficient, controllable and safer 
alternative strategy for future photo-immunotherapy (Figure 2 Right). 
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Abstract 

Currently, different optical methods are widely used for diagnostics and therapy of some diseases. An increase of image 
contrast induced by tissue dehydration and optical clearing in the area of pathology is extremely important for the 
monitoring of precancerous conditions, early stages of cancer and other diseases [1]. The combination of studies in the 
optical and terahertz ranges opens up new possibilities for more reliable diagnosis of a number of diseases. 

In this work, experimental studies of the spectral characteristics of the skin of laboratory animals with an inoculated 
tumor when probed by an optical clearing agent (100% glycerol solution). The reflection spectra were recorded in the 
spectral range 900–2000 nm using a USB4000-Vis-NIR spectrometer (Ocean Optics, USA) and a QR400-7-Vis / NIR 
fiber probe (Ocean Optics, USA). The tumor was inoculated by subcutaneous injection of 0.5 ml of a 25% tumor cell 
suspension in the Hanks solution of PC1 alveolar liver cancer strain into the scapula area. Laboratory rats were divided 
into two groups: pathological group No. 1 with a tumor inoculated 14 days after vaccination of a tumor and pathological 
group No. 2 with a vaccinated tumor after 28 days after inoculation of a tumor. NIR Spectroscopy measurements were 
taken from the skin area directly above the tumor formation and nearby (control area) without neoplasm. For the optical 
clearing study, a 99.3% glycerol solution was poured into a special cuvette in an amount of 1 ml, which openly touched 
the skin to ensure complete contact of the OCA with the skin surface for 30 min. After removal of the solution, reflection 
spectra were recorded from the studied area of the skin. Next, studies of the solution collected after 30 min of exposure to 
the skin were carried out using refractometry in the visible/NIR and THz spectroscopy. The refractive index of modified 
glycerol solutions was measured using an Abbe DR-M2 / 1550 multiwave refractometer (Atago, Japan). To select the 
wavelengths, interference filters were used for 480, 486, 546, 589, 644, 656, 680, 800, 930, 1100, 1300, and 1550 nm.  

In both groups, an increase in the concentration of water in the skin of animals under the influence of OCA was recorded. 
This may happened due to strong glycerol affinity to water molecules which migrated from the in-depth skin layers and 
subcutaneous tissues to the site, where glycerol is. It was also noted that there are differences in the effect of the optical 
clearing agent on the concentration of water in the skin of control sites and over the tumor (Fig.1). This indicates a 
change in the optical properties of the skin under the development of pathology. The development of a malignant 
neoplasm caused a delayed diffusion of the agent into the skin, which is confirmed by the small effect of the agent on the 
concentration of water over the tumor neoplasm, in contrast to the skin of a healthy rat. The results obtained by the three 
methods correlate with each other. 

 
(a) 

 
(b) 

 
(c) 

Figure 1: (a) Data on changes in the concentration of water in the skin for both groups by NIR Spectroscopy;(b) data for the ratio of 
the transmittance amplitude of the sample relative to the transmittance amplitude of a pure glycerol solution in the THz region; (c) 

water content in glycerol solution according to the results of measurements of the refractive index in the visible/NIR regions. 
The presented study were made possible with was supported by grants RFBR 17-00-00270 (PD, EL, MN, AS), 17-00-
00272 (VT).  
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Abstract  

During the past decades, silicon nanotechnology for biological and biomedical applications has been extensively studied 
due to the favorable biocompatibility of silicon. Notably, silicon nanohybrids featuring unique 
electronic/optical/mechanical properties have been widely employed for constructing biosensing platforms with excellent 
sensitivity, good specificity, adaptable reproducibility, and multiplexing capabilities [1-4]. In addition, it is worth 
mentioning that the silicon nanohybrids can be explored for setting up surface-enhanced Raman scattering (SERS) big 
data, allowing artificial intelligence (AI)-based DNA discrimination in label-free manners [5]. On the other hand, proof-
of-concept studies have opened up promising avenues for developing fluorescent silicon nanoprobes-based bioimaging 
techniques. Of particular significance, silicon-based nanoprobes feature strong fluorescence, robust photostability, and 
negligible toxicity. Those attractive merits have triggered extensive exploration of functionalized silicon nanomaterials as 
potentially ideal biological fluorescent probes, showing high promise for in vitro and in vivo bioimaging analysis [6-10]. 
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Abstract 

We will illustrate that optical computing optical coherence tomography with proper dispersion imbalance may 
achieve ~2 times higher resolution and restrain the conjugate signal without any data processing at imaging 
speed of 5M-A-scans per second. 

For all imaging techniques such as optical coherence tomography (OCT)[1], fast imaging speed is always of 
high demand. Optical computing OCT (OC2T) has achieved ultrahigh speed for real time 3D imaging without 
post data processing, but its spatial resolution is lowered down due to an imperfect Fourier transformation in the 
optical computing process. In this talk, we will illustrate the theory of OC2T and prove that the dispersion 
imbalance between reference arm and sample arm may be introduced to improve the resolution. Furthermore, 
this novel OC2T technique can also enable a conjugate restrained OCT imaging without any data processing, 
achieving ~2 times higher resolution than typical OC2T. At an imaging speed of as high as 5M-A-scans per 
second, the dispersion imbalance OC2T has strong ability of restraining the conjugate signal with a conjugate 
signal rejection ratio of 2.6. 

 
Figures 1:Optical design of the OC2T. SLD: super luminescent diode, MZM: Mach–Zehnder modulator, AWG: 

arbitrary waveform generator, RF: radio frequency, BD: balanced detector. 

The optical design of the OC2T [2] is shown in Fig.1. An MZM (JDS Uniphase, OC-192, bandwidth of 10GHz) 
is used to modulate the light. The modulation function is generated by an arbitrary waveform generator (AWG, 
Keysight, M8195A, bandwidth of 40GHz). An envelope detector is used to acquire the envelope of high 
frequency signal to form OCT image. 

 
 

Figures 2 : Comparison of OC2T with different CRR for real time conjugate suppression.(a) Sample arm; (b) typical OC2T 
imagewithbalanceddispersion; (c)OC2T image with proper dispersion imbalanceandCRR=1.9;(d)OC2T image with proper 

dispersion imbalance and CRR=2.6;the scare bar refers to 100μm. 

To describe how much the conjugate signal is restrained, we may define conjugate signal rejection ratio 
CRR=the amplitude ofsignal /the amplitude of conjugate, which is [3]: CRR=(1+16a3L4βL

4/ c4γ4)1/4, where, 
γ=(2ln2)1/2λ0

2/(cπΔλ) isthe bandwidth of the lightλ0 in angular frequency and Δλthe FWHM bandwidth in 
wavelength.a is a constant and a*t the modulation frequency of the MZM at the time t.L,βL, care the fiber 
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length,group-velocity dispersion and speed of light, respectively. Real time conjugate suppression for high 
speed optical computing OCT imaging is show in Fig. 2. Larger suppression can be achieved with larger L. 
However,L has an upper limit for a fixed optical computing speed, which is,by now, 150km to achieve 
CRR=35with optical computing speed of 5M-A-scans/s and duty circle of 80%. 

Our technique demonstrates, for the first time, the real time conjugate suppression without post-processingat 
imaging speed of as high as 5M-A-scans per second, the fastest speed up to now to our knowledge. 
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Abstract 

Biphotochromic fluorescent protein (FP) SAASoti is a unique representative of GFP-family as its wild type gene can 
be irreversibly photoconverted (λ=400 nm) and reversibly photoswitched (λ=470 nm). In the course of this work, we 
obtained a series of SAASoti mutant forms with introduced single amino acid substitutions of cysteine residues 
(C21N, C117S, C117T, C72V, C106V, and C176A). Corresponding recombinant proteins were expressed in E. coli 
BL21 (DE3) cells, isolated and purifiedby chromatographic methods (combination of HIC and anion-exchange 
chromatography). Different physicochemical and fluorescent parameters (excitation/emission maxima, pKa values 
of the chromophore, molar extinction coefficient and quantum yield) of the obtained V127T SAASoti mutant 
variants were measured. C21 residue was found tobe involved in the intermolecular dimerization of SAASoti at high 
concentrations, C72V SAASoti variant has an increased photoconversion (green-to-red) rate during 400 nm 
illumination, while C106V SAASoti demonstrates the maximum photoswitching rate between green fluorescent and 
dark states under 470 nm illumination.The photoswitching kinetics of C176A SAASoti follows a distinct 
mathematical model, indicating on different processes.  

Phototransformable fluorescent proteins (PTFPs) are indispensable tools for localization and super-resolution 
techniques [1]. Such fluorescent markers should be monomeric and do not contain reactive amino acid residues. 
E.g., SH-groups of cysteine residues can form intra- and intermolecular disulfide bridges or become sulfoxidized. 
The difficulty is that sometimes cysteine-free variants of fluorescent proteins lose their photostability or become 
even non-fluorescent [2, 3, 4]. Interestingly, that in some cases substitution to cysteine residue in the chromophore 
microenvironment resulted in the several times more photostable variant [5]. Site-directed mutagenesis sometimes 
comes with uncontrollable and undesirable changes of other fluorescent properties. 

Biphotochromic FP SAASoti can be irreversibly photoconverted between green and red fluorescent states under 
400 nm illumination [6] and reversibly photoswitched between its green fluorescent and dark forms during 470 nm 
illumination [7]. Subsequently, we also determined conditions when the red SAASoti form can undergo reversible 
photoswitching [8]. Significantly, its biphotochromic nature can be observed on the wild type gene, while other 
biphotochromic proteins (IrisFP [9], NijiFP [10]) were obtained by site-directed mutagenesis of amino acid residues 
in the chromophore microenvironment (M159A, F173S). This fact makes SAASoti a unique representative of GFP-
family. A monomeric variant of SAASoti (V127T) was also obtained and successfully applied as a genetically 
encoded fluorescent marker in PALM-technique [11], but V127T SAASoti tends to partial dimerization at high 
concentrations, and addition of reducing agent dithiothreitol (DTT, 10 mM) to the sample and to the system disrupts 
these interactions. These weak interactions between the monomeric subunits may prevent SAASoti from crystal 
packing, that is why we decided to evaluate the impact of individual cysteine substitutions in V127T SAASoti gene.  

Five cysteine residues are located in the SAASoti structure – C21, C72, C106, C117 and C176 – and two of them 
(21 and 117) are surface-facing, while SH-groups of the others are oriented inside β-barrel. At first stage, we 
generated C21N/wt, C117S/wt, C117T/wt, C21N/V127T, and C117S/V127T SAASoti variants by site-directed 
mutagenesis, the corresponding recombinant proteins were isolated and characterized by gel-filtration 
chromatography. C21N and C117S substitutions in the wild type gene removed aggregates eluted in the bed volume, 
whereas C117T/wt variant demonstrated the same elution profile. C21N/V127T mutant form even at higher 
concentrations than V127T SAASoti exists as a monomer. Based on the previous data on moxDendra [12] and 
moxMaple [13] cysteine-free FPs, we suggested the following substitutions in the V127T SAASoti gene: C72V, 
C106V, and C176A. The corresponding mutant forms were obtained by site-directed mutagenesis; the recombinant 
proteins were expressed and purified.  

At first, we measured different physicochemical parameters (excitation/emission maxima, pKa values of the 
chromophore, molar extinction coefficient and quantum yield) of the obtained V127T SAASoti mutant variants 
(C21N, C72V, C106V, and C176A). Introduced single point mutations led to the spectral shift of the red forms, and 
a significant increase in their pKa values, especially in the C176A SAASoti variant. C72V and C106V variants have 
the lowest value of molar extinction coefficient. At the next step, we recorded kinetics of green-to-red 
photoconversion as a function of the red fluorescence signal during 400 nm illumination. Substitution of the inside-

https://doi.org/10.24412/cl-36013-2020-1-63-64


64 
 

facing cysteine residues (C72, C106, and C176) led to the increase in the initial rate of the red form formation. One 
of the possible reasons explaining the phenomenon might be the fact, that pKa values of their green forms are also 
shifted to more alkaline pH values. In the case of C106V substitution, it also negatively affected its photostability. 
The increase in the initial rate suggests the reduction in 400 nm exposure time that will be less toxic to live cells. 
On-to-off photoswitching of the green form of the obtained mutant forms was investigated in the same manner but 
using blue light illumination with 470 nm LED (Fig. 1). In the first switching cycle, all except C176A SAASoti 
variant demonstrated the same drop in green fluorescence intensity.  

 
Figure1: Kinetics of green fluorescence on-off photoswitching recorded under 470 nm (0.17 Wt/cm2) illumination of different 
SAASoti variants (10 μM) in cuvette during 10 min. A) First switching cycle. B) Second switching cycle. 

The process in those cases can be described by a bi-exponential function with the opposite sign of the components 
(Eq. 1), whereas the second and subsequent cycles follow the bi-exponential model (Eq. 2).  

𝐼 = 𝐼1 ∗ exp(−𝑘1𝑡) − 𝐼2 ∗ exp(−𝑘2𝑡) + 𝑐    (1) 

𝐼 = 𝐼1 ∗ exp(−𝑘1𝑡) + 𝐼2 ∗ exp(−𝑘2𝑡) + 𝑐    (2) 

where I1 and I2 – pre-exponential coefficients,  k1 and k2 – rate constants, c – background fluorescence signal.This 
fact might indicate on some photochemical modification of the protein (in all the cases except C176A SAASoti 
protein) during the first 470 nm illumination cycle, which leads to fluorescence kindling. C106V SAASoti variant 
also demonstrates the maximum photoswitching rate of the green form, whereas C176A SAASoti variant – the 
minimum. 
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Abstract  
Background and objective: Due to the conspicuous curative effect, minimally invasive, small side effects and low 
complications, microwave ablation(MWA) is considered as another effective method for the treatment of malignant 
tumors besides surgical excision, chemotherapy, radiotherapy and immunotherapy. This therapy has played a huge role in 
clinical cancer treatment [1,2], and has been widely used in treating liver cancer [3-5], lung cancer [6,7], kidney cancer 
[8], thyroid cancer [9], and other common tumors. In the current clinical treatment of tumors using MWA, although 
temperature can be used as an important reference index for evaluating the curative effect of ablation, it cannot fully 
reflect the biological activity status of tumor tissue during thermal ablation. Finding multi-parameter comprehensive 
evaluation factors to achieve real-time evaluation of therapeutic effects has become the key for precise ablation[10-14]. 
More and more scholars use the reduced scattering coefficient (µs′ ) and Young's modulus (E) to evaluate the treatment 
outcomes of MWA. However, the intrinsic relationship between these parameters is unclear. It is necessary and valuable 
to investigate the specific relationship between µs′  and E during MWA. 
 
Material and methods: The MWA experiment was conducted on porcine liver in vitro, the two-parameter simultaneous 
acquisition system was designed to obtain the reduced scattering coefficient and Young's modulus of the liver tissue 
during MWA (Figure 1). In the experiment, different levels of ablation power were used, namely, 50W, 60W, and 70W, 
and different ablation duration were used, namely, 3 minutes, 5 minutes, and 8 minutes. In addition, the distance between 
the fiber optic probe and the microwave ablation antenna also varied from0.2cm, 0.5cm, 1cm, and to 1.5cm, respectively. 
Different combinations of ablation power, ablation duration, fiber optic probe and the microwave ablation antenna 
distance were use in the experiment. The relationship between reduced scattering coefficient and Young's modulus was 
investigated.  

 
Figure 1: Microwave ablation real-time parameters acquisition system 

Results:It can be found that with the increase of ablation duration at the fixed power, the Young's modulus gradually 
becomes largerat some regions as shown in the 2D shear wave image, which is characterized by color turning from blue 
to red, and the effective region is roughly elliptical(Figure 2). The effective region of the 2D shear wave image is 
graduallyenlarging, and the average Young's modulus in the effective region is also increasing.More areas turning to red 
in the effective region in the shear wave image indicates that the tissue hardness is gradually expanding.It is also found 
that the trend of change of µs′  is very similar to E in the process of MWA, that is, first increasing and then reaching a 
steady state(Figure 3), and in some experiments, there are synchronous changes(Figure 4). Based on this, the quantitative 
correlationmodel between E-µs′ is established, enabling the estimation of Young's modulus of liver tissue based on 
reduced scattering coefficient. The maximum absolute error is 29.37 kPa and the minimum absolute error is 0.88 kPa.  
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(a)                                                 (b) 

Figure 2:(a) Changes of E after 2 minutesat a fixed 50W power (b) Changes of E after 5 minutesat a fixed 50W power 

 

(a) (b) 

Figure 3:(a) Changes of𝜇𝑠′  at different distances (0.2 cm, 0.5 cm, 1 cm, 1.5 cm) away from the MWA antenna 
(b) Changes of E at different distances (0.2 cm, 0.5 cm, 1 cm, 1.5 cm) away from the MWA antenna 

 
(a) (b) 

Figure 4:(a) Simultaneous changes of 𝜇𝑠′  and E (b) The correlation modelcurve 

Conclusion:An effective E-µs′  correlation model is proposed.The corresponding Young's modulus’ average value can be 
calculated based on the reduced scattering coefficient under different states of ablation. The reduced scattering coefficient 
and Young's modulus of the liver tissue in the normal zone, transition zone, and coagulation zone are different, and the 
changes ofµs 

′ and E are closely related to the degree of tissue thermal damage.This study contributes to the further 
establishment of multi-parameter MWA effectiveness evaluation model. It is also valuable for clinically evaluating the 
ablation outcomes of tumor in real time. 
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Abstract  

Laser speckle contrast imaging (LSCI) is a wide-field, noninvasive, and noncontact optical imaging technology for 
mapping blood flow. Given the advantage of high spatio-temporal resolution, LSCI is widely used in blood flow imaging 
of the skin, retina, splanchnic organs, tumor, and brain in recent years. In practical applications, the spatial and temporal 
window size of speckle contrast analysis is usually expected to be minimized for higher spatio-temporal resolution. 
However, a reduced spatio-temporal window size of LSCI results in significant noise of K2 owing to the statistical 
uncertainty [1]. To improve the measurement accuracy, a suitable denoising algorithm is required to enhance the signal-
to-noise ratio (SNR) of LSCI. Furthermore, LSCI is well known to be highly sensitive to the motions induced by both 
environment and biological tissue itself. These disturbances will cause displacements of the speckle images, resulting in 
the error of speckle contrast estimation based on multiple frames of speckle images. Therefore, it is of urgent importance 
to minimize the impact of motion when LSCI is put into practical usage. We proposed a Manhattan distance based 
adaptive BM3D (MD-ABM3D) method to manage the complicated inhomogeneous noise in tLSCI image and improve 
the signal-to-noise ratio [2]. Manhattan distance improves the accuracy of the block-matching in strong noise, and the 
adaptive algorithm adapts to the inhomogeneous noise and estimates suitable parameters for improved denoising. As 
shown in Figure1, the image-quality evaluation of MD-ABM3D for tLSCI (t = 20 frames) equals that of savg-tLSCI (t = 
60 frames).It achieves high signal-to-noise ratio with a reduced number of sampling frames. 
 

 
Figure1 : Image-quality evaluation of each denoising method for tLSCI with temporal windows (t = 10–80 frames). (a)–(c) are 

evaluation of PSNR, MSSIM, and R, respectively[2] 

However, the processing time of MD-ABM3D makes it difficult to realize real-time denoising. Furthermore, it is still 
difficult to obtain an acceptable level of SNR with a few raw speckle images given the presence of significant noise and 
artifacts. We proposed to train a feed-forward denoising convolutional neural network (DnCNN) for LSCI in a log-
transformed domain to improve training accuracy and it achieves an improvement of 5.13 dB in the peak signal-to-noise 
ratio (PSNR). To decrease the inference time and improve denoising performance, we further proposed a dilated deep 
residual learning network with skip connections (DRSNet)[3]. The image-quality evaluations of DRSNet with five raw 
speckle images outperform that of spatially average denoising with 20 raw speckle images. DRSNet takes 35 ms (i.e., 28 
frames per second) for denoising a blood flow image with 486 × 648 pixels on an NVIDIA 1070 GPU. 
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Abstract 

It is known that most small-molecule anticancer drugs frequently suffer from poor efficacy caused by the development of 
drug resistance in cancer cells. Nanostructure formulations of these drugs can greatly mitigate drug resistance. However, 
the naked nanodrugs always cause systemic toxicity to normal organs due to non-specific drug release. Therefore, it 
would be an ideal strategy to encapsulate the naked nanodrugs into a biocompatible carrier for controlled release in the 
tumor environment. The intrinsic properties are the basis in the design of internal stimuli-responsive nanocarriers with 
the main focus on internal stimuli like pH value, glutathione (GSH) concentration, enzyme specific overexpression and 
hyperthermic. The characteristics of these triggers in pathological tissues are different from that in normal sites, thus the 
utility of these triggers provides new strategies in designing nanovehicles for drug delivery with higher on-target property 
and enhanced cellular uptake efficiency. This study aims to construct tumor microenvironment-responsive drug delivery 
systems to release anticancer agent in response to telomerase activity or GSH concentration. This technology will not 
only assist in the identification of cancer cells, its ability to intrinsically treat only cancerous cells will prevent the 
undesired death of healthy cells that is commonly seen using more conventional forms of chemotherapy. These findings 
will also help to inspire future designs of drug delivery systems that respond to cancer-specific biomolecules more 
accurately. 

 

 
(a) 

 
(b) 

 
Figure: (a)Illustration of PtNP encapsulation and telomerase-triggered release from the DNA icosahedra(b) TEM images of CBN 

treated with different concentrations of GSH 
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Abstract 

While fiber bundles attract much interest in optics, their resolution is limited by the individual fiber size, which can be as 
large as a wavelength λ for common fiber optics materials. In order to increase fiber bundle resolution, in our work, high-
refractive-index sapphire fibers (n>3), which were fabricated using the Edge-defined Film-fed Growth (EFG) technique 
[1], are employed in the terahertz (THz) range. They ensure strong confinement of the guided modes and enable a fiber 
bundle resolution beyond the 0.62λ Abbe limit of free space optics [2]. A sapphire fiber bundle is fabricated and its 
advanced resolution is experimentally demonstrated, using both analysis of the pair correlation function of the disordered 
fiber packing and continuous-wave THz imaging. The resolution varies across the aperture with the mean value of 0.53λ, 
while it is as low as 0.3λ at certain regions of the bundle. The developed principles can be translated to any spectral range 
where high-refractive index fiber optics materials are available.  
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Abstract  

The COVID-19 outbreak of the beginning of 2020 has grown into a full-scale world crisis, which is still continuing. 
Minimization of losses requires adequate systemic aids for the disease spread prevention, which, in turn, requires 
adequate models allowing to predict the effect of different factors to disease spread. Traditional simulation approaches 
based on derivatives of a SIR model, although being quite efficient, suffer from not accounting for random factors. 
Agent-based models provide a convenient solution which allows accurately accounting for such factors as age structure 
of population, feature of self-isolation strategies and testing protocols, presence of super-spreaders etc. In this paper we 
report on the results of predicting the spread of COVID-19 in several representative regions of Russia. Our approach is 
based on an agent-based model with a general pool that includes a model of the population testing strategy. The model 
accounts for the following key epidemiologic characteristics: population age distribution, distributions of infestation 
period, manifestation period, and age-dependent probability of critical disease currency. It is demonstrated, that despite 
local features of different regions, the daily case curves can be predicted well for different territories with the same model 
parameters, except the initial number of infected, which serve as a tuning parameter of the model. 

Introduction 

Prediction of further development of COVID-19 outbreak and timely introduction of preventive measures require reliable 
tools for epidemic spread simulations. Several classes of models are currently employed for the prognosis of the spread 
of infections. 

Regression models are known to provide us with rapid estimations of the spread of infections [1,2]. Non-adaptive models 
allow obtaining the prognosis for any chosen period of time, however, they ignore local perturbations of epidemical 
characteristics, thus they are not suitable for short-term prognosis. On the contrary, adaptive models are predominantly 
employed for short-term prognosis only. Autoregressive moving average model is applicable for short-term prognosis 
[3], while autoregressive integrated moving average model is applicable both for short-term and long-term prognosis [4]. 
Dynamic Bayesian networks are employed only for short-term prognosis and predominantly in the form of Markov 
models [5]. Neural networks and other machine learning based methods can be applied only for short-term prognosis. 
Only feedforward neural networks and backpropagation algorithm are applicable for the prognosis of infections spread 
[6]. 

Dynamic systems based on differential equations, which are the class of compartmental models, are employed for long-
term prognosis. The pioneering work by Kermack and McKendrick [7] proposed SIR model, in which the population is 
divided into three groups — susceptible (S), infected (I), recovered (R) — and their interaction is described with non-
linear differential equations. Modern compartmental models employ bigger number of groups, accounting for exposed 
(E), hospitalized (H), critical (C), dead (D), and those at the quarantine (Q) or isolation (J). Compartmental models are 
widely employed for the modeling of the spread of coronavirus-induced infections (SARS, MERS, COVID-19). For 
example, SEIR model has been applied for modeling of COVID-19 spread in African countries [8], Iran [9], Indonesia 
[10], Spain and Italy [11]. Early COVID-19 spread and the efficacy of governmental measures are discussed in paper 
[12] also with the application of SEIR model. Compartmental models are easy to construct, but they do not account for 
random factors of the spread of infections and individual characteristics of population members. 

Individually-oriented models include so-called agent-based models, which can be applied both for short-term and long-
term prognosis of the spread of infection. Every member of population (agent) is described by number of constant and 
variable characteristics, and the rules of interactions between the agents are determined. Agent-based models were 
proved to be effective in the description of the propagation of infections, such as Ebola [13] and flu [14], for different 
sizes of population. Agent-based models were also applied for the modeling of COVID-19 spread, for example, the 
modeling of the development and the regress of the infection in the city of Helsinki is described in [15]. NotreDame-
FRED model [16], developed at the University of Notre Dame, is based on previously developed at the University of 
Pittsburgh FRED model (Framework for Reconstructing Epidemic Dynamics) for the prediction of flu pandemics in the 
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year 2009. The modeling of the second wave of COVID-19 after the cancellation of the restrictive measures was also 
performed within agent-based model [17]. 

The aim of this paper is the development of an agent-based model capable of predicting the progress of the COVID-19 
burst in different regions of the Russian Federation. Another important problem to be resolved in this study is the 
determination of the key model parameters that provide the agreement of the simulated dynamics and actual statistics on 
daily new infection cases and deaths associated with COVID-19. 

Agent-Based Covid-19 Spread Model 

In this study, we fitted a general pool model, in which all the individuals (agents) may interact with each other. 
Conditional on a simulated scenario, each agent has the following binary states, which values are governed by the Monte 
Carlo based random values: susceptible, infected, contagious, with disease manifestations, critical, recovered. Time 
resolution of a simulation is one day, since general statistics on newly registered cases and deaths is available on the daily 
basis. The model accounts for the population age structure based on the information on different disease progression in 
different age groups.Typical lengths of disease manifestation, progression, critical, and symptomless periods are 
introduced in accordance with the available data. 

The average number of individuals R, to which an infected agent may transmit the infection within one week given that 
no restriction measures are applied, is considered as the main model parameter directly related to infection transmission 
coefficient. Given that the probabilities to be infected from different agents are independent, the contagination probability 
for an agent interacting with the general pool in a particular day is calculated as: 

𝑃 =
𝑅𝑁𝑖
7𝑁𝑡

, 

where Niis the number of infected individuals presenting in the general pool in the current day and Nt is the total number 
of agents in the considered population. The Nt number is chosen in accordance with the population of the simulated 
region. 

The model accounts for the efficiency of the following restrictive measures introduced by employing a so-called self-
isolation index. This is an empirical value introduced by Yandex (Russia), which represents a cumulative parameter 
reflecting population activity based on both traffic information and activities in different internet services. The isolation 
index varies in the range between 0 and 5, and in simulation it is assumed that the index is proportional to the percentage 
of agents that obey the restrictive rules and do not interact with the general pool in the current day. For the days, when 
the restriction measures are applied, official data on self-isolation index by Yandex are employed. For the prognosis, the 
two approaches were applied. In the first one, the extrapolation of the detected dynamics of the self-isolation index was 
employed. Since general trend at the day of the prognosis generation demonstrated the decreases of the self-isolation 
index with time, this scenario is attributed as “negative”. An alternative scenario was produced by the introduction of 
constant self-isolation index values for particular time intervals. Since this scenario accounts for constant self-isolation 
index, it was attributed as “positive”. 

The introduced rules of testing are an important part of the model, since the real data that are usually compared with the 
results of simulation are daily statistics on number of newly revealed cases and deaths. Obviously, the former number 
depends on the testing strategy within a given region and, therefore, its accurate description is of huge importance. In the 
model, the number of daily tests for each region is either taken from official statistics or determined from the daily 
number of cases forthe entire Russian Federation in proportion to the region population. The testing model also accounts 
for the increase in the accuracy of COVID-19 tests with time. 

Depending on the introduced anti-epidemic measures accounted in the simulation, an agent also may get a binary status 
“isolated”, if the agent has a positive COVID-19 test, or under the self-isolation, if in current day he/she follows the 
restrictive measures and does not interact with the general pool.  

Results 

Figures1a,b and 1 c,d demonstrate the results of simulations of the negative and positive scenarios of the epidemic 
progress in Moscow (Nt = 11.4 ⋅106) and Novosibirskaya oblast (Novosibirsk region) (Nt = 2.7 ⋅106), respectively. To 
provide a best-fit scenario, we manipulated with two key parameters of the model, namely, the number of initial infected 
agents, percentage of deaths among agents in the critical state pd and virus transmission coefficient R. Each scenario was 
constructed by averaging five scenarios that are the closest to the real statistical data over a total of 20 realizations with 
the same parameters. Due to the stochastic origin of the developed model, similar starting parameters may result in 
totally different scenarios of an epidemic progress.  

In Fig. 1 circles show the original data employed for determination of the model fitting parameters, while triangles 
denote the official statistical data reported after prediction by the model. It is worth noting that the prediction for Moscow 
was obtained for the same transmission coefficient value R = 4.6 and death percentage of pd = 3%. Of note, the prediction 
was made during the epidemic peak in Moscow (Fig. 1a,b), in this connection, the positive scenario for daily newly 
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registered cases provides the best fit supposing preservation of the restrictive measures combined with the increase in the 
accuracy of testing. 

Simulation results for Novosibirskaya oblast demonstrate the prediction abilities of the model for regions with relatively 
small number of confirmed COVID-19 cases and single deaths. The main advantage of our approach was that the values 
of fitting parameters of the epidemic forNovosibirskaya oblast were taken from fitting results from Moscow, thus, only 
the number of initial cases for the first day of consideration was fitted. These results suggest that the general epidemic 
spread parameters are quite close for different regions. 

 
   (a)        (b) 

 
   (c)        (d) 

 
Figure 1: Comparison of simulated (positive and negative scenarios) and real statistical data for daily numbers of newly revealed 
COVID-19 (a,c) and lethal COVID-19 associated (b,d) cases in Moscow (a,b) and Novosibirskaya oblast (c,d) in the period 23 March 
– 23 June 2020.. 

Conclusion 

In this paper we presented an agent-based model of COVID-19 epidemic spread widely employing the rigorous 
methodology of Monte Carlo simulation principles. The model is able to account for the age-dependent disease 
development, restrictive measures as well as testing system. It was validated on the statistical data for daily new cases 
and deaths which were reported from two representative regions of Russia, such as the Moscow city and Novosibirskaya 
oblast. Moreover, 1-month-long predictions of further epidemic spread were made on 21, May, 2020. For each region we 
considered two scenarios, “negative” and “positive”, considering weakening or preservation of the introduced restrictive 
measures, respectively. It was shown, that the epidemic spread fitting parameters derived from simulations for Moscow 
could be successfully incorporated for prognosis of the disease spread in other region.  
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Abstract 

Tissue optical clearing techniques have provided important tools for large-volume imaging. Aqueous-based clearing 
methods are known for good fluorescence preservation and scalable size maintenance, but are limited by long incubation 
time, or insufficient clearing performance, or requirements for specialized devices. Additionally, few clearing methods 
are compatible with widely-used lipophilic dyes while maintaining high clearing performance. Here, to address these 
issues, m-xylylenediamine (MXDA) is firstly introduced into tissue clearing and used to develop a rapid, highly efficient 
aqueous clearing method with robust lipophilic dyes compatibility, termed MXDA-based Aqueous Clearing System 
(MACS). MACS can render whole adult brains highly transparent within 2.5 d and is also applicable for other intact 
organs. Meanwhile, MACS possesses ideal compatibilitywith multiple probes, especially for lipophilic dyes. MACS 
achieves three-dimensional (3D) imaging of the intact neural structures labelled by various techniques. Combining 
MACS with DiI labelling, MACS allows reconstruction of the detailed vascular structures of various organs and 
generates 3D pathology of glomeruli tufts in healthy and diabetic kidneys. Therefore, MACS provides a useful method 
for 3D mapping of intact tissues and is expected to facilitate morphological, physiological and pathological studies of 
various organs. 

 
  

Figure 1:Overview of MACS clearing method. 
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Abstract  

Photodynamic therapy (PDT) is a clinically-approved, minimally-invasive therapeutic procedure that utilizes 
photosensitizer to generate cytotoxic reactive singlet oxygen for the treatment of a wide variety of malignant and 
nonmalignant conditions. For PDT applications, the robust and comprehensive individualized dosimetry is essential for 
achieving satisfactory outcomes but remains a challenge, particularly for clinical translation. The main dosimetric 
parameters for predicting the PDT efficacy include the delivered light dose, the administrated photosensitizer distribution 
and concentration, the tissue oxygen concentration, the amount of singlet oxygen generation and the resulting biological 
responses. In this talk, the emerging optical imaging techniques that in use or under development for monitoring 
dosimetric parameters during PDT treatment were be presented. In particular, laserspeckle imaging, laser Doppler 
imaging, optical coherence tomography and singlet oxygen luminescence imagingwill be highlighted. In addition, the 
future challenges in developing real-time and non-invasive optical techniques for monitoring PDT dosimetric parameters 
will be discussed. 
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Abstract  

Alzheimer's disease (AD), a chronic debilitating neurodegenerative disease, is associated with loss of motivation, 
memory and spatial learning difficulties, as well as language disorders[1].The pathology of AD is poorly understood. 
Nevertheless, it is widely believed that the amyloid-β (Aβ)-containing senile plaques is one of the neuropathological 
hallmarks of AD[2]. Much of this work centered on the biosynthesis of Aβ and factors that influence its production and 
deposition. Aβ is derived from the regulated intracellular proteolysis of amyloid precursor protein (APP), which is 
hydrolyzed by the sequential action of the γ- and β-secretases. Normally Aβ peptides contain 39 to 43 amino acids. A 
number of studies have shown that mutations in the APP gene or in presenilins result in increased β-secretase cleavage 
and production of both Aβ1-40 and Aβ1-42, which are the major peptides associated with AD plaque formation via 
aggregation[3]. “The amyloid hypothesis” suggests that the accumulation of Aβ peptides serves as the central event 
triggering neuron degeneration[4]. Plaque reduction is seen as an indicator of effective therapies.  

In 1903, the Danish Niels Finsen won the third Nobel Prize in Physiology and Medicine for the treatment of lupus 
erythematosus with red light, and since then opened a new chapter of light therapy.The biological effects of low-level 
lasers on tissue or body were first illustrated by Hungarian physician Endre Mester. In 1967, Mester et al.discovered that 
the ruby laser (694 nm) could promote hair regeneration and wound healing in mice[5]. It opened a new way in the 
medical field and developed into "low-dose laser therapy", also known as low-level laser treatment. It refers to irradiate 
tissue or body with the low-level laser, resulting in not irreversible damage but a series of physiological and biochemical 
responses to regulate tissues or the body, ultimately ameliorating or curing the diseases[6]. Biological effects of NIR light 
include wound healing, pain reduction, and alleviation of oral mucositis[7, 8]. Effects such as cytoprotection, cellular 
proliferation and growth factor release have also been reported[9]. Accumulating studies have explored the effect of light 
on brain diseases, such as AD [10-15], Parkinson’s disease [16-18], depression [19, 20], stroke [21-23] and traumatic 
brain injury[24-26]. Low power laser irradiation can rescue neurons loss and dendritic atrophy via upregulation of BDNF 
in both Aβ-treated hippocampal neurons and cultured APP/PS1 mouse hippocampal neurons[27]. The 808-nm laser can 
also attenuate Aβ-induced reactive gliosis and proinflammatory cytokines production in the hippocampal CA1 region of 
the rat injected with Aβ1-42. In addition, PBM ameliorates Aβ-induced oxidative stress by suppressing glucose-6-
phosphate dehydrogenase and nicotinamide adenine dinucleotide phosphate oxidase activity [28]. 

Although many studies have explored the effects of PBM on Aβ-mediated neuronal dysfunction, glial activation, 
inflammation and oxidative stress. Few studies have explored the mechanisms of PBM on the Aβ clearance.  Degradation 
of cerebral Aβ via efflux across the blood-brain barrier (BBB) into the circulation, and uptake by macrophages, microglia 
and astrocyte phagocytosis are two main mechanisms of cerebral Aβ clearance[29]. Here, we hypothesized that NIR light 
could reduce the Aβ burden in the brain of APP/PS1 mice by activating glial responses and promoting cerebral 
angiogenesis to improve memory and cognitive deficits. To test this, we studied the biological responses of the cerebral 
vessel and glial cells in the APP/PS1 mice to the NIR light at different pathological progression and its effects on the 
Aβclearance. For light treatment, the mice inlight groups were placed in the light device and received irradiation of 6 
minutes per day for consecutive 60 days, with a wavelength between 1040 nm and 1090 nm. At the last 10 days of 
irradiation treatment, we tested the memory and learning ability of all mice via behavioral tests.Following the behavioral 
experiments, mice were humanely sacrificed and preparedto evaluate the effect of NIR light on alterationsof glial cells 
and vessels.  

Our results showed that NIR light significantly improved the performance of behavior tests in miceat 12 months old, as 
well as decreased the Aβburden of AD mice at different pathological progression. The results suggested that NIR light 
promoted angiogenesis in the cortex through different VEGF signaling pathways which changed with pathological 
progression. The vessel density was also positively correlated with the clearance of Aβ deposition, indicating that PBM 
could reduce Aβ burden via increase cerebral vessel density. Likewise, the microglia and astrocyte in the cortex had 
unique responses to NIR light. In mice at 6 months old, alteration of microglia morphology was observed, suggesting the 
increase in Aβ phagocytosis of mice in light group. Meanwhile, there was also a significant decrease in reactive 
astrocyte. In mice at 12 months old, microglia displayed no differences in morphology among groups, while light 
recruited more microglia around Aβ which contributed to the clearance of Aβ in the brain. Finally, we also found out that 
NIR light significantly reduced neurodegeneration in the CA1 region of mice at 12M, which was critical to learning and 
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memory. Overall, our findings suggest that NIR light could reduce cerebral Aβ levels and Aβ-mediated neurotoxicity of 
APP/PS1 mice through the promotion of angiogenesis and activation of microglia and astrocyte in the brain. It provides 
new insights into the clinical application of NIR on treating AD.   
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Abstract 

The report briefly reviews early researches on the mitogenetic effect (1923-1948) including the cancer diagnostics based 
on this effect and the claimed tumor marker. The key methodical details of mitogenetic effect observation are pointed 
outon the ground of the relevantliteratureandpracticalexperienceofoneoftheauthors(IV). Prospects and necessity of the 
unambiguous verification of mitogenetic effect and related cancer diagnostics are shown. The review covers both 
published and unpublished materials from the unique archive by A.G. Gurwitsch and his scientific dynasty. 

The phenomena of ultraweak endogenous radiation of biological systems and mitotic rate stimulation with ultra-weak 
UV-radiation were discovered by A.G. Gurwitsch in 1923 [1]. He directed the root of one onion (inducer) onto the 
meristem zone of the other root (detector) and observed that the inducer locally stimulated mitoses in the detector. This 
phenomenon was called a mitogenetic effect. The factor that mediated mitogenetic effect was shown to be ultraviolet 
radiation (chemical isolation of the inducer from the detector and insertion of quartz plate did not influence the effect, 
while a glass plate eliminated it). It was called mitogenetic radiation. Mitogenetic effect was observed in microbe and 
cell cultures, and tissues. When an inducer and a detector belonged to different families or even kingdoms the effect was 
also observed. There were more than 700 publications devoted to mitogenetic effect in 1923-1948. This effect was 
proved by more than hundred researchers including Nobel Prize Winner D. Gabor, academician G.M. Frank, famous 
microbiologist C. Wolff and others [2-6]. 

The spectra of mitogenetic radiation of various inducers were studied with spectrographs having rows of biological 
detectors instead of photographic plates [7, 8]. Spectra of most of the biological inducers were reported to be within the 
range of 190-250 nm, mitogenetic effect was induced also by a number of biochemical and even inorganic chemical 
reactions [9]. It was suggested that an energy released in chemical reactions involving free radicals resulted in the 
excitation of specific molecules or groups and could be emitted as quanta of mitogenetic radiation [10]. Intensity of 
mitogenetic radiation was estimated with modified Geiger-Müller counters as 10-1000 photons/cm2 s [9]. 

The study of cancer cells and early cancer diagnostics were the most developed practical applications of mitogenetic 
effect. Whole blood and blood serum of young, healthy animals and people were proved to be good inducers of 
mitogenetic effect, while blood of cancer patients and animals did not induce it [11, 12]. The lacking of mitogenetic 
effect from blood was actually not an utterly specific indicator of cancer. For instance, blood of exhausted people did not 
induce mitogenetic effect also [13]. It was an ability of blood being added to any other known inducer to inhibit 
mitogenetic effect, that was really specific for cancer patients [14-16]. The substance responsible for the luminescence 
quenching in inducers was highly specific for cancer diseases and was called a “cancer quencher”. Nowadays, it is alpha-
fetoprotein that is generally recognized as the first tumor marker. However, an existence of a tumor marker in blood, 
which was called cancer quencher, was claimed almost thirty years earlier. The physical and chemical properties of the 
cancer quencher were studied and it was shown to be a peptide. An important fact shown in [17] and other works, was 
that blood of animals with experimental tumors (induced with chemical carcinogens, injection of suspension of malignant 
cells, or tumor transplantation) quenched luminescence of other inducers before the malignant process could be 
diagnosed clinically. Compliant results were obtained in clinics, for instance, the cancer quencher was found in blood of 
women with myoma only in those cases when they were to get cancer later, and before tumor could be diagnosed by any 
other means [17]. According to the ample clinical data of the leading medical institutions of the USSR gathered in 1940s 
the cancer diagnostics based on the detection of this tumor marker had specificity and sensitivity >95%. The detection 
was based on the lacking of mitogenetic effect from the yeast inducers to which the studied blood was added. 

Researches on mitogenetic effect were conducted in 1928-1935 years mainly in the USSR and in Germany, and also in 
the USA, France, the Netherlands, Italy, Japan and other countries. In the USSR the works were persecuted altogether 
with genetics after the decisions of the All-Union Academy of Agricultural Sciences in 1948, see details in [18]. In 
Western countries these researches declined even earlier and were completely abandoned in the beginning of the World 
War II. It happened mainly due to historical reasons and a few influential negative publications (e.g. [19, 20]). Detailed 
analysis of methodical aspects of these works reveal severe violation of the methods suggested in the “positive” works 
(See [18]). The main points there are: (1) the recipient culture state (it should be a certain part of the lag-period or post-
diauxic phase); (2) the time and duration of exposure (it should be optimized individually for each inducer-recipient pair; 
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the effect of over-exposure was observed in a many works); (3) some physical limitations, like the recipient culture 
density less than a certain limit, very thin suspension layers, semidarkness, lack of any external UV. 

Further experiments on the subject were rather sporadic and gave no final proof or disproof of the key results of 
1923-1948. One of us (IV) participated in attempts to reproduce mitogenetic effect, his scientific team managed to get a 
good reproducible effect from the yeast-inducer culture on the yeast-detector culture which was in the lag phase during 
the exposure [21]. Yet, the effect appeared to be caused by CO2, which was secreted by the inducer and accepted by the 
detector (it was also shown to be signal-like action, but not purely metabolic). Later, analyzing their results in the context 
of publications of 1923-1948, the authors came to the conclusion that they paid not enough attention to methodical details 
of early works, and if the mitogenetic effect existed, it was sure not to manifest itself under used experimental conditions. 
First of all, it were the culture state and the medium composition that made mitogenetic effect observation impossible, 
and the effect, which was observed [21], had nothing to do with mitogenetic radiation that was the initial goal of the work 
(see [18]). After this failure the authors of paper [21] including the author of this report (IV) came to the deep reading of 
the methodical conditions of early works and besides their own mistakes, concluded that all the well-known “negative” 
works [19, 20, 22-25] also contained critical deviations from these methods, that would have guarantee their failure in the 
mitogenetic effect verification. Detailed methodical recommendations were given in a number of early works e.g.[26, 
27], see also both positive and negative works analyzed from methodical viewpoint in [18] (Fig. 1). 

 
Figure 1: Modern analysis of the most effective methods for obtaining the mitogenetic effect on bacterial (left) and yeast (right) 

cultures (after [18]) 

Many conclusions made in experiments on MGE were proved to be correct and much ahead of their time. These are: an 
existence of tumor peptide markers in blood, photo-reactivation, anti-Stokes luminescence, free-radical mechanism of 
ultra-weak photon emission etc. Yet, the phenomenon itself remains an unresolved problem in both fundamental and 
applied biology till now in spite of the progress in UV-sensing. Particularly, photomultiplier tubes with AlGaN 
photocathodes have a high spectral sensitivity in the whole mitogenetic range and extremely low dark counts that makes 
signal/noise ratio high enough for the unambiguous verification of experiments on mitogenetic radiation and related 
cancer diagnostic. 

Verification of experimental results on mitogenetic effect and cancer quencher with the use of present-day techniques, 
knowledge and level of evidence is very promising both for basic science and practical applications and requires a 
thorough revision of early publications. More details about mitogenetic effect and cancer quencher can be found in 
monographs [8-10, 27-30] and reviews [18, 31, 32]. 

References 
[1] A. G. Gurwitsch, Die Natur des spezifischen Erregers der Zellteilung, Archiv für mikroskopische Anatomie und 

Entwicklungsmechanik, 100(1-2), 11-40, 1923. 
[2] T. Reiter, and D. Gabor, Ultraviolette Strahlen und Zellteilung, Strahlentherapie, (28), 125-131, 1928. 
[3] J. B. Tuthill, and O. Rahn, Zum Nachweis mitogenetischer Strahlung durch Hefesprossung, Archiv für Mikrobiologie, 4(1-

4), 565-573, 1933. 
[4] A. J. Ferguson, and O. Rahn, Zum Nachweis mitogenetischer Strahlung durch beschleunigtes Wachstum von Bakterien, 

Archiv für Mikrobiologie, 4(1-4), 574-582, 1933. 
[5] L. K. Wolff, and G. Ras, Über Gurwitsch-Strahlen bei Bakterien, Acta Brevia Neerlandica de physiologia, pharmacologia, 

microbiologia, 1(7), 136-137, 1931. 
[6] W. Loos, Untersuchungen uber mitogenetische Strahlen, Jahrb. Wiss. Bot., 72(4), 611-664, 1930.  



82 
 

[7] G. Frank, Das mitogenetische Reizminimum und -maximum und die Wellenlänge mitogenetischer Strahlen, Biologisches 
Zentralblatt, 49), 129-141, 1929. 

[8] A. G. Gurwitsch, and L. D. Gurwitsch, Mitogenetic radiation: physical and chemical bases and applications in biology and 
medicine (in Russian), Medgiz, Moscow 1945. 

[9] A. G. Gurwitsch, and L. D. Gurwitsch, Mitogenetic radiation (in Russian), VIEM publishing house, Leningrad 1934. 
[10] A. G. Gurwitsch, and L. D. Gurwitsch, An introduction to the teaching of mitogenesis, USSR Academy of Medical Sciences 

Publishing House, Moscow, 1948. 
[11] L. D. Gurwitsch, and S. Salkind, Das mitogenetische Verhalten des Bluts Carcinomatoser, Biochemische Zeitschrift, 211(1-

3), 362-372, 1929.  
[12] W. W. Siebert, Die mitogenetische Strahlung des Bluts und des Harns gesunder und kranker Menschen, Biochemische 

Zeitschrift, 226, 4/6), 253-256, 1930.  
[13] S. Brainess, Die mitogenetische Strahlung als Methode zum Nachweis und Analyse der Ermüdungserscheinungen, 

Arbeitsphysiologie, 6(1), 90-104, 1932. 
[14] W. Siebert, and H. Seffert, Zur Frage der Blutstrahlung bei Krankheiten, insbesondere bei Geschwülsten, Biochemische 

Zeitschrift, 289(6/2), 292-293, 1937. 
[15] A. G. Gurwitsch, and L. D. Gurwitsch, Mitogenetic analysis of cancer cell biology (In Russian), VIEM publishing house, М 

1937. 
[16] A. G. Gurwitsch, L. D. Gurwitsch, S. Y. Zalkind et al., The teaching of the cancer quencher: Theory and clinics (in Russian), 

USSR Academy of Medical Sciences Press, Moscow 1947.  
[17] B. S. Pesochensky, The phenomenon of the mitogenetic radiation quenching in blood in cancer and "precancer": Dr.Med. 

Sci. Dissertation (in Russian), Leningrad Oncological Institute, Leningrad, 1942. 
[18] I. V. Volodyaev, and L. V. Beloussov, Revisiting the mitogenetic effect of ultra-weak photon emission, Frontiers in 

Physiology, 6(00241), 1-20, 2015. 
[19] A. Hollaender, and W. D. Claus, An experimental study of the problem of mitogenetic radiation, National research council of 

the National academy of sciences, Washington 1937.  
[20] O. W. Richards, and G. W. Taylor, "Mitogenetic rays" - a critique of the yeast-detector method, The Biological Bulletin, 

63(1), 113-128, 1932.  
[21] I. V. Volodyaev, E. N. Krasilnikova, and R. N. Ivanovsky, CO2 mediated interaction in yeast stimulates budding and growth 

on minimal media, PloS One, 8(4), e62808-e62808, 2013. 10.1371/journal.pone.0062808 
[22] G. W. Taylor, and E. N. Harvey, The theory of mitogenetic radiation, Biolog. Bull., 61(3), 280-293, 1931.  
[23] K. H. Kreuchen, and J. B. Bateman, Physikalische und biologische Untersuchungen über mitogenetische Strahlung, 

Protoplasma, 22(1), 243-273, 1934. 
[24] T. I. Quickenden, and R. N. Tilbury, An Attempt to Stimulate Mitosis in Saccharomyces cerevisiae with the ultraviolet 

luminescence from exponential phase cultures of this yeast, Radiation Research 254-263, 102), 254-263, 1985.  
[25] T. I. Quickenden, A. J. Matich, S. H. Pung et al., An attempt to stimulate cell division in Saccharomyces cerevisiae with 

weak ultraviolet light, Radiation Research, 117(1), 145-157, 1989. 
[26] A. G. Gurwitsch, Methodik der mitogenetischen Strahlenforschung, in the Book “Handbuch der biologischen 

Arbeitsmethoden”, E. Abderhalden, ed., 2/2, Urban & Schwarzenberg, Berlin, Wien, 1401-1470 1929.  
[27] T. Reiter, and D. Gabor, Zellteilung und Strahlung, Springer-Verlag, Berlin 1928. 
[28] A. A. Gurwitsch, The Problem of mitogenetic emission as an aspect of molecular biology (in Russian), Leningrad, 

Meditzina, 1968.  
[29] E.van Wijk, I.V. Volodyaev, Cifra, M. et al., Ultra-weak photon emission from biological systems: endogenous biophotonics 

and intrinsic biological luminescence (in print), Springer, 2020.  
[30] O. Rahn, Invisible radiations of organisms, Gebrüder Bornträger, Berlin 1936. 
[31] A. G. Gurwitsch, and L. D. Gurwitsch, Twenty Years of Mitogenetic Radiation: Emergence, Development, and Perspectives 

(translation from Advances in Contemporary Biology, 305-334 16 (3), 1943), 21st Century Science and Technology 
Magazin, 12(3), 41-53, 1999. 

[32] E. V. Naumova, A. E. Naumova, D. A. Isaev et al., Historical review of early researches on mitogenetic radiation: from 
discovery to cancer diagnostics, Journal of Biomedical Photonics & Engineering, 4(4), 040201, 2018.



83 
 

DOI 10.24412/cl-36013-2020-1-83-84 

EXPRESS DIAGNOSTICS OF ERYTHROCYTES SIZE DISTRIBUTION ON THE BASIS OF 
HYPERSPECTRAL HOLOGRAPHY AND LASER DIFFRACTOMETRY TECHNIQUES 

ANDREI LUGOVTSOV1.2, VLADISLAV USTINOV3, GEORGY KALENKOV4,SERGEY KALENKOV5 AND 
ALEXANDER PRIEZZHEV1,2 

1PhysicsDepartment, Lomonosov Moscow State University, Russia 
2International Laser Center, Lomonosov Moscow State University, Russia 

3Moscow Center of Fundamental and Applied Mathematics, Lomonosov Moscow State University, Russia 
4Institute of Geosphere Dynamics RAS, Russia  

5Moscow Polytechnic University, Russia 
 

 anlug@biomedphotonics.ru 

Abstract 

Modern medical diagnostics includes blood tests on the first stages that provides very important information allowing to 
insure the accuracy of further diagnosis. Red cell distribution width (RDW) is known as a crucial parameter in case of 
blood anemia. RDW is a measure of how much the erythrocytes differ from each other in size. RDW is close to zero, 
when all cells have similar size, and increases when the sizes are different. RDW has been evaluated for decades, and its 
application field grows rapidly. Recent investigation performed with more than 8000 people shows that RDW serves as a 
reliable mortality predictor independent of the disease type [1]. Thus, accurate diagnostic instruments for measuring this 
parameter are in high demand. 

In this work, we developed the approach for diagnostics of erythrocytes size based on the information obtained by laser 
diffractometry and hyperspectral holography of erythrocytes. In laser diffractometry, erythrocytes are illuminated by a 
laser beam and a diffraction pattern is observed in the far-field diffraction zone. One can solve an integral equation, in 
which the diffraction pattern is used as an input data and the solution is the erythrocytes size distribution [2]. Another 
strategy is to rely on certain features of the diffraction pattern. For example, the visibility of the pattern reflects the shape 
and size of particles. In [3], it was shown that the visibility of the diffraction pattern monotonically depends on RDW of 
the cells in the given blood sample. Thus, laser diffractometry allows one to assess the value of RDW. It is possible to 
illuminate hundreds of thousands of cells within a moment. Calculation of the visibility parameter can also be performed 
during less than a second using any modern personal computer. This makes the method more preferable to other 
standards. However, the shape of the cells remains unknown as in the Coulter counter and one has to use some 3D 
geometrical model of the cells.In hyperspectral holography (HH), one obtains the phase modulation of the light rays 
passing through the object with resolution up to half of the incident light wavelength. HH technique has been well 
developed and successfully tested on biological particles [4]. In the present work, we have applied HH to measure the 
phase profiles of red blood cells on a glass smear. This enables one to reconstruct the 3D geometrical model of the 
erythrocytes shape. In this work, we use the specific technique developed in [4].The main goal of the work is to enhance 
laser diffractometry of erythrocytes by using the 3D geometrical model of a real cell experimentally obtained using the 
HH method. The visibility of the diffraction pattern depends not only on RDW value but also on the cells shape. We 
validate the dependency of the visibility parameter on RDW comparing different theoretical and experimentally obtained 
cells models. Geometrical 3D models of human red blood cells in a dry smear were obtained experimentally using the 
HH method. Corresponding diffraction patterns in the far field diffraction zone were calculated. Visibility values of the 
diffraction patterns were obtained in cases of low and high red cell size distribution width. The results revealed that the 
visibility is influenced by the cells shapes. Namely, the visibility is always lower when using the model of real cells 
shape to compare with the case of ideal symmetric shapes. However, the visibility of the diffraction patternstill can be 
used to assess the red cell distribution width in clinical practice. The typical visibility value obtained in our calibration 
experiments was about 7%. Basing on the calculated dependency of the visibility of the diffraction pattern on the spread 
of cells in size, the relative spread of cells was determined to be 18 ± 4 %. The compact, computerized laser device based 
on the principles of ektacytometry (diffractometry) designed to measure the width of the distribution of size of 
erythrocytes has been developed. 
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Abstract 

In this report we present recent results related to characterization of nonlinear elastic properties of biological 
tissues using quantitative Compression Optical Coherence Elastoraphy (C-OCE) with application of reference 
silicone layers as optical stress sensors. In the reduced form this approach has already proven its efficiently for 
estimation of the tangent Young’s modulus of nonlinear tissues for a standardized pressure. Analysis of entire 
stress-strain dependences opens new possibilities for diagnostics of biological tissues, which was inaccessible 
within the framework of conventionally used paradigm of linear elasticity. 

C-OCE is an emerging approach to studying mechanical properties of biological tissues [1]. The idea of this 
approach was borrowed from the medical ultrasound elastography [2] and was introduced in OCT by J. Schmitt [3] 
based on the paradigm of linear elasticity of the tissue. Within the framework of this paradigm it is supposed that 
the values ofuniaxial stress σ the values of stress and the resultant axial strain ε are linearly proportional to each 
other: 

εσ E=        (1) 

The axial strain in OCT can be found by comparing subsequently acquired OCT scans, namely, by estimating axial 
gradients of interframe phase variations using either classical least-square procedures [4] or recently proposed more 
advanced “vector” method [5, 6]. 

It is clear from Eq. (1) that in order to quantify modulus E , knowing only local strain εis not sufficient, so that 
estimation of stress σ is also required. In principle, one can try to evaluate stress σ by measuring the force applied 
to the tissue  from the OCT probe with a known  contacting area. However, in [2] and  [3] it  was proposed  that 
thespatialdistribution of the Young’s modulus (at least in the relative sense) can be extracted from the initially 
reconstructed axial profiles of strain. Indeed, if the deformation is produced by uniaxial stress (i.e., the tissue is 
allowed to freely expand laterally) the stress σ is the same for different depths with the Young's moduli 2,1E  and 

the corresponding strains 2,1ε  of the tissue, so that 

2211 ε=ε=σ EE ,      (2) 

or equivalently  

1221 // εε=EE     (3) 

The measurement of the axial strain distribution, therefore, is the key step in deconstructing the distribution of the 
Young’s modulus. Equations (2) and (3) mean that the depth distribution of local strains is directly proportional to 
relative distribution of inverse Young's modulus 1/ E . Therefore, if in some area this modulus is known, this opens 
the possibility to quantify the elastic modulus over the entire imaged region. This idea was mentioned quite long 
ago [2], but did not found application in ultrasound compression elastography, whereas in compression OCE the 
utilization of translucent reference layers (usually made of soft silicone) is efficiently used for quantifying the 
tissue elasticity [7,8].Although in C-OCE typical values of interframe strain are on the order of 104..103, for 
which the linear Eqs.(2)and(3) hold fairly well, quite often larger strains (up to several per cent and greater) are 
produced in the tissue. In many cases the tissue surface is not ideally plane, so that even if a highly compliant 
silicone layer is placed between the OCT-probe window and the sample, the mechanical contact over the entire 
visualized zone is attained only when the most prominent tissue areas are strained up to several per cent. With 
further compression the strain becomes even greater. Such strains cannot be directly measured by comparing 
individual OCT scans, but can be estimated by analyzing a series of scans acquired during the tissue deformation 
and finding cumulative strains for such a series [8, 9]. For such larger strains, biological tissues exhibit rather 
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pronounced nonlinear elasticity [10]. In such a case the stress-strain dependence )(εσ for the tissue is essentially 
nonlinear, whereas linearized Eq.(1) may hold only for sufficiently small increments in stress σ∆ , and strain ε∆ , 
so that the elastic modulus becomes dependent on the tissue pre-compression,  

εσσ ∆∆= /)(E      (4) 

To measure nonlinear stress-strain dependences )(εσ , one needs to measure simultaneously strain in the tissue and 
the applied stress. In view of the above-mentioned fact that quite often the stress in the visualized region depends on 
the lateral coordinate, a method is needed to estimate the current local stress during the tissue deformation. In this 
regard an important question arises whether it is possible to use reference silicone layers as stress sensors not only 
for very small strains, but for larger strains as well. In other words, how strong is the nonlinearity of silicone? To 
verify this point the straightforward solution is to independently measure stress and strain, which is quite challenging 
because of numerous possible distorting factors (such as the influence of stiction between the OCT-probe and 
silicone as discussed in [8]. However, there is another solution proposed in [3]. It is based on utilization of a 
sandwich structure made of two siliocones with highly contrasting strains. During the compression of this sandwich 
one may compare the cumulative strains in two silicones by plotting one strain against the other to verify is this 
dependence is linear or nonlinear. The stiffer silicone is deformed weaker (still remaining in the definitely linear 
region of straining), whereas the softer experiences significantly stronger deformation and thus can potentially 
exhibit pronounced nonlinearity, whereas for linearly deformed materials, the strains should remain proportional to 
each other resulting in a linear dependence. It has been experimentally verified that strains of two silicones in such 
compressed sandwich structures demonstrate very good linear proportionality up to quite large strains over 50% (see 
Fig. 1a). 

 

Figure 1: (a) Illustrain of the self-testing of silicones’ linearity using compression of a sandwich composed of two silicone 
layers with contrasting stiffness. (b) An examples of nonlinear stress-strain curve for normal breast stroma obtained using a 
pre-calibrated silicone layer as the stress sensor. 

This experimental finding indicates that silicones are rather linear materials, so that even for such fairly large strain 
in the reference silicone layer, its strain remains linearly proportional to stress. This means that pre-calibrated 
reference silicone layers may serve as optical stress sensors and can be used to local stress over the visualized region. 
Thus measuring cumulative strains in the reference silicone layer and plotting it against the cumulative strain in the 
tissue one can obtain nonlinear strass-strain curves for the examined tissue sample. An experimentally obtained 
example of such a curve is given in Fig. 1b corresponding to a normal stroma of human breast tissue. This figure 
demonstrates that for strains below ~15% the stress-strain dependence is rather linear with almost invariable slope 
(i.e., initially the Young’s modulus is nearly invariable ~30kPa), whereas for larger strains the slope of )(εσ
noticeably increases, so that theodulus becomes several times greater tending to ~150 kPa for strains >35%). It can 
be pointed out that for other components of breast tissue (pre-cancer states like fibrosis and hyalinosis and, 
furthermore, for cancerous tissues) similar stress-produced stiffening can be observed for several times smaller 
strains (even for strains ~1.5-2%) [8]. 

In view of such pronounced nonlinearity, unambiguous quantitative interpretation of C-OCE-based estimates of the 
elastic moduli and meaningful comparison with other measurements requires that one should specify the pressure, for 
which a particular value of the Young modulus is obtained. Even if a sample is strongly mechanically 
inhomogeneous and stress during the C-OCE examination is also inhomogeneous, it is possible to construct an OCE-
image for a selected standardized pressure by processing a series of OCT images obtained during the sample 
compression (see details in [11]). Examples of quantitative interpretation of C-OCE data for the tissue stiffness 
estimated using the pressure  standardization can be found in refs. [12,13,14]. 

In studies [12,13,14], however, the ability of the proposed method to obtain nonlinear stress-strain curves was 
utilized in the reduced form, only for estimation of the tangent (current) Young’s modulus for a chosen standardized 
pressure. However, in fact the analysis of entire nonlinear stress-strain dependences suggests new diagnostic 
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information. In particular, nonlinear curves can be fitted using one or another analytical law, such that in addition to 
the Young’s modulus, parameter(s) characterizing the tissue nonlinearity can be also extracted and used as additional 
diagnostic signatures of the tissue state (including classification of pathologies). To demonstrate diversity of 
nonlinear elastic properties for various types of biological tissues Fig. 2 shows examples of stress-strain curves and 
dependence of the tangent Young’s modulus as a function of tissue strain for three significantly different samples: an 
excised fragment of human artery wall, excised rabbit’s cornea and rat’s cortex (in normal state). For cornea and the 
artery wall, the nonlinearity looks as pronounced tissue stiffening with increasing compression strain. In contrast, for 
cortex, the nonlinearity demonstrates qualitatively different character: the opposite sign corresponding to the 
decrease in the Young’s modulus with increased compressive strain. In that experiment it was verified that the white 
matter and the tumor (astrocytoma) region also demonstrated qualitatively similar initial softening with increased 
compression, which was changed to slight stiffening with further compression. It is interesting to point out that in 
contrast to majority of other tumors (for which the Young’s modulus is usually much higher than for the normal 
tissue), astrocytoma demonstrated initially more than twice lower stiffness than normal cortex and white matter. 
However, after fairly moderate ~5% strain astrocytoma demonstrated pronounced (about two times) stiffening, such 
that its Young’s modulus could become comparable with its values for normal cortex and white matter. These results 
indicate that analysis of full nonlinear stress-strain dependences gives much richer information for differentiation of 
tissue types in comparison with conventionally discussed linear elasticmodulus. 

 

Figure 2: (a) examples of structural OCT scans for three different tissues (excised rabbit cornea, fragment of human artery wall 
and rat’s cortex). (b) are the corresponding nonlinear stress-strain curves obtained by the C-OCE method using reference 
silicone layer as a linear stress sensor. (c) are the dependences on tangent Young’s modulus derived from the stress-strain 

curves shown in panels (b). 

Although the behavior of cortex (as well as white matter and astrocytoma) with atypical softening differs from the 
nonlinear behavior of most tissues, it can be pointed out that such nonlinearity is known for materials containing 
microstructural heterogeneities with threshold reaction to loading, for example, it was observed for an artificial 
material in the form of a homogeneous gel-like matrix with embedded hollow shells that experience buckling when 
compressive loading reaches certain threshold value [15]. Probably microstructural units with similar mechanical 
properties may occur in some naturaltissues. 

The nonlinearity of stiffening type (like for cornea and the vessel wall) is easier to understand. Such tissues with 
collagenous matrix are penetrated by narrow pores/gaps (often crack-like ones) through which interstitial 
physiological liquids penetrate, in particular to supply the tissue with nutrition. Such gaps are more compliant than 
the surrounding matrix tissue and with increasing compression these gaps gradually close, so that their concentration 
gradually decreases and the tissue becomes more dense and stiff. Such behavior is clearly demonstrated by cornea, in 
which the gaps among collagenous layers become nearly completely closed by reaching average strain ~5-7%. For 
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such compression, the stiffness of cornea increases by an order of magnitude and becomes comparable with stiffness 
of cartilaginous tissue. The compliance properties of such narrow gaps/pores resemble the properties of cracks that 
attract much attention in nondestructive testing, geophysics and related areas, where it is shown that the average 
strain producing closing of such narrow gaps is determined by their aspect ratio (i.e., the ration of the opening to the 
lateral size). The models describing crack-containing materials can be adapted to describe softening/stiffening of 
biological tissues due to the influence of interstitial gaps, such that the C-OCE data can be used to estimate averaged 
aspect ratio of such gaps [16] and even to reconstruct the distribution of these gaps over their aspect ratios [17]. 

Although the fact of pronounced elastic nonlinearity of biological tissues has been known over several decades, in 
OCE the linear-elasticity paradigm still remains dominating and the OCE-based methods for obtaining nonlinear 
stress-strain curves and their utilization for diagnostic applications are yet emerging (e.g., another variant of OCE-
based method for obtaining stress-strain curves can be found in [18]). However, bearing in mind the recent 
breakthrough results on the development of C-OCE techniques [1] one can expect a similar breakthrough in the 
development of C-OCE beyond the linear paradigm, which should significantly extend diagnostic potential and 
accuracy of OCT-based elastographic methods. 

This work was supported by RSN grant 16-15-10274 in part of the development of C-OCE method and RFBR grant 
18-32-20056 in part of the analysis of nonlinear stress-strain dependences. 
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Abstract 

Plasmon resonances of gold nanostars can be tuned across 600–2000 nm, which makes them an attractive platform for 
applications. Rational design of nanostar morphology requires adequate computational models. The common 
approach, based on electromagnetic simulations with the bulk dielectric function, is not applicable to sharp nanostar 
spikes, typical of plasmon resonances above 800 nm. Here we suggest a two-component dielectric function in which 
the nanostar core is treated as a bulk material, whereas the size-corrected dielectric function of the spikes is treated in 
terms of a modified Coronado–Schatz model. In contrast to common simulations with bulk gold constants and in 
agreement with experimental observations, the simulated nanostar spectra show a strong reduction in the Q factor of 
the plasmonic peak. The effect of NIR water absorption on the calculated cross sections is negligible, and the 
simulated and measured two-peaked UV–vis–NIR extinction spectra of water colloids and AuNST monolayers on 
glass in air are in qualitative agreement.  

Gold nanostars (AuNSTs) have attracted much research attention because they are uniquely tunable across the vis–
NIR-I-II spectral bands, are easy to fabricate, can generate strong local fields near the spikes, and are low cytotoxic. 
These properties make AuNSTs promising for bioimaging, photothermal, and sensing applications [1,2] The main 
obstacles to applications and fundamental studies of AuNSTs are their size polydispersity and multibranched random 
morphology, which result from poorly controlled seed-mediated synthesis [3] On the other hand, it is owing to their 
multibranched morphology that AuNSTs are much less sensitive to their orientation with respect the incident polarized 
light than are their well-developed and precisely controlled alternative—Au nanorods. 

Rational design of AuNST morphology for single-particle photothermal and imaging platforms [4] and 2D SERS 
arrays requires adequate computational models including the frequency-dependent dielectric function of gold. Until 
now, to the best of our knowledge, the common practice—without any exceptions—has been the use of the bulk Au 
optical constants tabulated by Johnson and Christy (J–Ch) [5]. However, AuNSTs consist of two morphological 
components: (1) a quasispherical core with a typical diameter of above 20 nm; (2) thin anisotropic spikes with aspect 
ratios(length/base) in the range 3–8. Because of the strong size-dependent correction, the dielectric function of the thin 
anisotropic spikes may be very different from the tabulated bulk values. It is well known that simulations with a size-
corrected dielectric function strongly increase the width of the plasmonic peak and decrease its amplitude. What is 
more, the recent development of 6-tip AuNSTs with the main plasmonic peak in the range 1000–2000 nm makes the 
use of the J–Ch data questionable. A very thorough reexamination of the bulk Au optical constants by Olmon et al. [6] 
for evaporated, template-stripped, and single-crystal gold samples clearly shows a notable deviation from the J–Ch 
data. Evidently, the input dielectric function may strongly affect the peak position. As a result, the fitting of simulated 
spectra to experimental measurements by varying AuNST morphology may produce biased parameters. 

Quite recently, we suggested [7] a two-component dielectric function in which the nanostar core and spikes are treated 
in terms of different dielectric functions: 
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where pω  is the plasma frequency; bγ  is the damping constant of bulk gold; ,c sl  is the effective path length of the 

electrons in the core and spikes, respectively; and ,c sγ  takes into account three possible contributions from radiation 
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damping, surface-electron scattering, and chemical interface damping (CID) [8] , , , ,
rad surf CID

c s c s c s c sγ γ γ γ= + + . We have 

shown [Ошибка! Закладка не определена.] that for typical AuNST cores, the size correction is small and 
the core dielectric function can be taken as the bulk value ( )bε ω . The radiation damping is proportional to the particle 
volume, and for thin spikes, we can neglect this contribution. Further, for spherical particles of radius R , the surface-
scattering term scales like 1/ R . The same scaling is expected for CID damping, because the number of s-electrons 
interacting with the surface adsorbate is proportional to the particle volume, whereas the number of adsorbate 
molecules scales like 2R . Thus, the surface and CID correction terms can be combined into one relation, 

( )surf CID F F
s s s s

s s

v vA A A
l l

γ = + = , (3) 

where sA takes into account the surface-electron scattering and CID contributions, Fv  is the Fermi velocity, and sl is 
the effective path length. In Eq. (3), the effective length of the size-corrected dielectric function can be calculated in 
terms of a modified Coronado–Schatz model [9] for a conical spike of base radius sR  and height (length) h . 

The next crucial point concerns appropriate values for the damping parameter sA . Recent comparisons of simulated 
and experimental spectra on the basis of extinction measurements of monodisperse Au nanorod colloids, absorption 
experiments with single Au nanospheres and scattering experiments with single Au nanorods have shown that the best 
fitting value is about 1/ 3sA = . This value should be considered a low limit for cetyltrimethylammonium bromide-
coated Au nanorods. For other ligands, the CID contribution can be different. For example, in the case of 
dodecanethiol adsorption on Au nanorods, Foerster et al. reported 0.12surfA =  and 0.34CIDA = , thus giving the total 

0.46A = . On the other hand, for small Au clusters, the maximal A value approaches 1. In summary, the possible 
range of sA  values is 0.3 1− . 

In addition to the conventional NIR-I biotissue window (700–1000 nm), two other optical windows, namely NIR-II 
(1000–1350 nm) and NIR-III or shortwave IR (SWIR) (1550–1870 nm), have been identified recently [10]. In the 
NIR-III spectral band, water absorbs the incident light strongly. Therefore, an important question arises: what is the 
physical meaning, if any, of the commonly used extinction, absorption, and scattering cross sections for particles 
hosted in an absorbing medium [11]? This question has been extensively dealt with in recent years (for details, the 
readers are referred to paper [12] and references therein). The main conclusion is that for an absorbing host medium, 
the electromagnetic energy budget depends on the geometry of the measuring volume, the properties of the scattering 
particle, and the particle’s position with respect to the incident light and detector. The only observable integral quantity 
is the extinction cross section, which cannot be written as the sum of the absorption and scattering cross sections in the 
same way as for a nonabsorbing host medium. In fact, being operationally defined in the usual way, the scattering and 
absorption cross sections become dependent on the particle position. By contrast, the extinction cross section is 
independent of the particle position and characterizes the particle itself. 

To make rough estimates of water-absorption effects, we consider small gold spheres and spheroids in an absorbing 
host medium. For small spheroidal particles with semiaxes ( , , )a b b , we suggested a new analytical expression: 
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where 0 2 /k π λ=  is the wave number in vacuum, 2 2 2 2n n in ε′ ′′= + =  is the medium’s refractive index, and 

1 2/rε ε ε=  is the particle relative permeability, evR  is the equivolume sphere radius, and ,a bL  are the geometrical 

depolarization factors of the spheroids ( 2 1a bL L+ = ). For randomly oriented particles , ,( 2 ) / 3.ext ext a ext bC C C= +  We 
have found that the effect of host absorption on the calculated cross sections is moderate for spheres and is quite 
negligible for spheroids. This validates our computations of the AuNST cross sections by using COMSOL 
Multiphysics v. 5.1 with a nonabsorbing refractive index of water. 

A simplified 6-spike geometrical model of AuNSTs was obtained from the TEM data of Tsoulos et al. by fitting the 
calculated absorption peak position (with J–Ch Au constants) to the experimental range 1800–1900 nm. A similar 
model was also derived from TEM images of the AuNSTs synthesized in this work. We use the scattering geometry in 
which the incident electric field is polarized along one of the side spikes, because the optical properties of AuNSTs are 
determined mainly by the in-plane dipole excitation of spikes.  

Figures 1A,B show the AuNST absorption and scattering spectra calculated with the bulk Au optical constants of J–Ch 
and Olmon et al. In addition to the main plasmonic peak, associated with the in-plane dipolar excitation of the 
collinear spike, there are two minor peaks (near 710 and 930 nm),associated with the hybridization of the core and 
spike multipolar plasmons. The spike peaks are increased by bonding with the gold core, which serves as a plasmonic 
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antenna. The integral absorption cross section dominates the scattering one by an almost one order of magnitude. The 
positions and magnitudes of the main peaks calculated with the two sets of bulk Au optical constants differ noticeably. 
Thus, any fitting procedure based on the comparison of experimental and calculated NIR-II-III spectra with the J–Ch 
input optical constants may produce biased output data.  

Figures 1C,D show the spike size-correction effect on the absorption and scattering spectra. As expected, the size 
correction results in noticeable decrease and broadening of the main peaks. The minor peaks retain their magnitudes 
but also become broadened. The plasmonic dumping in the spikes affects the scattering peaks of the AuNSTs much 
more strongly than it affects the corresponding absorption peaks (see the insets in panels C and D). 

Figure 2A shows three types of nanostars, as found by SEM. The NST-1 type particles (∼74%) were typical surfactant-
free AuNSTs with an average of 6 asymmetrical spikes. The type 2 particles (NST-2; 12%) were highly symmetrical 
multispiked “sea urchins” (average spike number, 20). Finally, the type 3 particles (NST-3; 14%) mostly had small 
protrusions and sometimes also one or two small spikes. Typically, the reported extinction spectra of the AuNSTs 
synthesized with the Vo-Dinh protocol display a single major peak between 650–1100 nm. Except for rare cases, there 
seem to be no studies of colloids in the NIR–SWIR region of 1200–2300 nm, because such spectrophotometers are 
uncommon. Close inspection of the reported UV–vis–NIR spectra of AuNSTs suggests that possible SWIR peaks were 
simply missed because of the limited spectral ranges of the spectrophotometers used. 

 
Figure 1: Absorption (A, C) and scattering (B, D) spectra of AuNSTs, as calculated with the bulk Au optical constants of Olmon et 

al. and J–Ch. Panels (C) and (D) illustrate the plasmonic dumping effect in the spikes with different dumping parameters. For 
cores, the bulk constants are used. The insets show the geometrical model of AuNSTs (A) and TEM image (B, scale bar is 50 nm). 

 

 
Figure 2: (A) Three types of AuNSTs, as found by SEM: NST-1 (cyan circles), NST-2 (magenta), and NST-3 (red). Panels (B) and 
(C) compare experimental (black) and simulated (blue) extinction spectra for water colloids (B) and bilayer on glass in air (C). 

It is generally believed that the long spikes of surfactant-free AuNSTs correspond to typical broad plasmonic peaks 
observed experimentally between 800–1200 nm. In fact, however, such NIR peaks should be attributed to the short 
spikes of NST-1A subensemble, whereas the long-spike NST-1B subensemble produces the second plasmonic peak 
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located between 1800–2300 nm. To the best of our knowledge, this plasmonic feature of surfactant-free AuNSTs has 
never been noted previously. By using statistical data and derived electromagnetic model we were able to reproduce 
the main spectral features of water AuNST colloids and bilayer on glass in air (Figs. 2B,C, blue curves). 

In summary, we have introduced a new two-component dielectric function for modeling the plasmonic properties of 
AuNSTs. The model takes into account the size-dependent plasmonic dumping mechanisms for thin spikes, whereas 
the core dielectric function is treated as a bulk material parameter. We have provided, for the first time, an analytical 
expression for the extinction cross sections of small spheroids embedded in an absorbing host medium. With this 
solution and COMSOL simulations, we have demonstrated negligible effects of water absorption on the calculated 
cross sections for a broad spectral range (300–2300 nm). By contrast, the size-dependent correction of plasmonic 
dumping in the spikes causes the dipolar and multipolar plasmonic peaks to broaden and decrease strongly. 

Our extensive numerical simulations with various structural models have revealed several new features, which 
have not been reported previously: 

(1) The core + two spikes nanostructure is a minimal structure that reproduces the basic spectral feature of 6-
spike AuNAs and the more complex 20-spike AuNSTs.  

(2) The addition of a third, 45o spike to a two-collinear spike configuration does not affect the two-spike 
spectra under collinear excitation; instead, it produces only a small shoulder under 45o excitation. When the 
incident field is directed along the 45o spike, it excites an intense dipolar plasmon and a strong local field 
around the neighbouring collinear spike, rather than around the exciting 45o spike. These observations 
contradict Zhu et al.’s [13] explanation of two peaks in AuNST spectra. 

(3) The absorption spectra of spheroids and AuNAs in strongly absorbing media are close to those calculated 
for similar dielectric media. However, we have found unexpected behaviour of the scattering plasmonic peak, 
when water absorption increases it by almost 30%. Further work is needed to explain this effect. 

(4) We have demonstrated a typical decrease in the quality factor of the absorption and scattering spectra with 
the damping parameter sA  increasing from 0 to 1. However, in some cases, we have found an unexpected 
increase in the main absorption peaks. This effect has been explained by a small increase in spike absorption, 
enhanced by plasmonic coupling with the core.  

(5) For symmetrical multispiked AuNSTs, we have demonstrated the polarization invariance of absorption 
spectra and have also shown the invariance of scattering spectra. Although the absorption and scattering 
spectra of 6-spike AuNSts are not polarization invariant, we have shown (both numerically and analytically) 
the polarization invariance for a specific case when the electric field lies in the spike plane.  

(6) We have explicitly demonstrated the broadening of spectra with an increase in the damping parameter and 
the absence of a broadening for polarization-dependent normalized spectra. 

(7) For common surfactant-free AuNSTs, we have reported, for the first time, very intense SWIR plasmonic 
peaks around 1600–1900 nm. By thoroughly inspecting the SEM images of surfactant-free AuNSTs, we have 
found two clusters in the spike length–spike base diagrams and in the spike length and aspect ratio histograms. 
This morphological feature has been correlated with the experimentally observed two-peaked spectra. In 
contrast to general belief, we have shown that the common UV–vis–NIR plasmonic peak of the surfactant-free 
AuNSTs is related to the multiple short spikes, rather than to the long ones. The long spike produces an 
intense SWIR plasmonic mode, which has not been reported before for such nanostars. 

(8) To simulate the experimental extinction spectra of colloids and bilayers on glass in air, we have developed 
a simplified three-fraction model consisting of typical Vo-Dinh AuNSTs (major NST-1 fraction, about 75%), 
multiple branched symmetrical sea urchins (NST-2), and particles with protrusions (NST-3). The spike length 
of the major fraction consists of two sub-ensembles of short (NST-1A) and long (NST-1B) spikes, which are 
presented on the same core and generate UV–vis–NIR (700–1100 nm) and SWIR (1600–1900 nm) plasmonic 
bands, respectively. With our model, we have demonstrated good agreement between simulated and measured 
spectra. The suggested model of the dielectric function and the reported results could be useful for a deeper 
understanding of the optical properties of morphologically complex AuNSTs. 
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Abstract 

A description of ‘tissue optical virtual windows’ concept and method of optical clearing (OC) based on controllable and 
reversible modification of tissue or cell optical properties by their soaking with a biocompatible optical clearing agent 
(OCA)are presented in Refs. [1-27]. Fundamentals and major mechanisms of OC allowing one to enhance optical 
imaging facilities and laser treatment efficiency of living tissues and cells are also discussed in the literature [1-27].  

In this work, perspectives of immersion optical clearing/contrasting technique aiming to enhance imaging of living 
tissues by using different imaging modalities working in the ultra-broad wavelength range from a free electron beam 
excitation (Cherenkov light emission) to terahertz waves aresummarized in the Fig.1 [13, 25]. OC method improves and 
provides: 

 Quantitative estimation of the concentration of chromophores and fluorophores of tissue at various depths

 Multi-category classification of tissue properties based on the extraction of meaningful multimodal spectroscopic
biomarkers

 Clinically compatible spectroscopy-based methods of tissue pathology diagnosis

 Practical recommendations for increasing in vivo efficacy of diagnostics in UV/visible/NIR (200-2000 nm), THz
combined with x-ray CT and MRI.

Figure 1: Multimodal approaches based on tissue optical clearing concept. 

The enhancement of probing/treatment depth and image contrast for a number of human and animal tissues investigated 
by using different optical modalities, including diffuse reflectance spectroscopy, collimated transmittance, OCT, 
photoacoustic microscopy, linear and nonlinear fluorescence, SHG and Raman microscopies is possible. Experimental 
data on the diffusion and permeability coefficients of biocompatible FDA approved OCAs, such as glucose, glycerol, 
PEG, albumin, computer tomography (CT) contrast agents (Iohexol (OmnipaqueTM) and Iodixanol (VisipaqueTM)), and 
MRI contrast agents (Gadobutrol (GadovistTM)) in normal and pathological tissues (cancer and diabetes) are presented [1-
27]. 

Optical clearing agents are beneficial for enhanced multimodal spectroscopy/imaging using different combinations of 
optical techniques such as Raman, OCT, FLIM, MPM, SHG, PA, Diffuse, and THz with X-ray CT and MRI. 
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