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ABSTRACT 

Stimulated emission depletion (STED) nanoscopy is an advanced super-resolution imaging technique which can provide 

a lateral resolution of 10-80 nm and longitudinal resolution of 30-600 nm with high imaging speed. These abilities 

stimulated its increasing contribution in visualizing and understanding many complex biological structures and dynamic 

functions at nanoscale level. However, for live cell STED imaging, the use of intense STED laser could be detrimental as 

it can cause severe photodamage to live cells, tissues and even fluorophores. Moreover, use of intense STED laser is 

likely to accelerate photobleaching process of fluorophores which may impede long-term STED imaging. We proposed 

two strategies to optimize STED imaging performance with reduced STED laser power. The first method relies on the 
development of novel STED imaging techniques such as adaptive optics, phasor analysis, digital enhancement and 

temporal and spatial modulation to lower the depletion power. The other method relies upon the development of new 

dedicated STED probes with better photostability and lower saturation intensity, including perovskite quantum dots, 

carbon dots, organosilicon nanohybrids and enhanced squaraine variant probe. Furthermore, a dual-color STED 

microscope with a single laser source is developed and demonstrated for simultaneous STED imaging of mitochondria 

and tubulin in HeLa cells. 

 

 
(a) 

 
Figure: A space-time modulation method (modulated STED) based on FLIM technique  
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ABSTRACT 

 Optical coherence tomography (OCT) has emerged as an important tool in bio-imaging. Being a non-invasive and real-

time imaging technique, it offers many promising applications in the medical field. OCT is very effective for imaging 

micro-scale internal structures of the various biological samples up to a depth of 2-3 mm. The invention of this near-

infrared light-based, low coherence interferometric imaging technique has revolutionized the field of three-dimensional 

and cross-sectional tissue imaging by bridging the resolution gap between microscopy and ultrasound imaging 

techniques. In recent times, OCT has been established as a reliable standard procedure for diagnosing ophthalmic 

anomalies like Age-related macular degeneration (AMD), diabetic retinopathy, corneal edema etc. The highly sensitive 

subsurface imaging capability of the OCT system makes it a potential tool for the diagnosis of gastrointestinal (GI) tract 

cancer at the very beginning stage. The micro-scale lateral and axial resolution of the OCT system provides an edge to it 

on the other GI tract imaging modalities in detecting early neoplastic changes in the mucosa of the GI tract. We report 

this study with the prime focus on morphological differentiation and clear margin assessment of the tissue to exhibit the 

potential of the OCT system for early diagnosis and guided surgery in the case of gastric cancer.  

Keywords: Optical coherence tomography, Cancer imaging, Gastric cancer, Gastrointestinal tract imaging. 

Introduction: 

 OCT was derived from the low coherence interferometry imaging concept based on a Michelson interferometer 

and shown for the first time in 1990 by Huang et al. At the Massachusetts Institute of Technology in Prof James 

Fujimoto's laboratory [1]. It was quickly discovered to be a useful tool for retinal imaging. The field of OCT imaging is 

now much more diversified, with systems used in medical imaging, art restoration, non-destructive testing, thin-film 

analysis, and other applications. Real-time processing of OCT data is now possible thanks to advances in parallel 

computing and GPU architecture. As a result, OCT has the potential to become a standard imaging modality in the near 

future [2,3]. 

Tomography is an imaging technology that uses numerous cross-sectional pictures to create 2D or 3D 

representations of the sample. Optical tomography is a type of tomography that uses photons to create images. Optical 

coherence tomography (OCT), Optical Diffraction Tomography (ODT), and Diffuse Optical Tomography (DOT) are the 

three primary forms of optical tomography [4]. OCT is one of the three that is particularly important for the following 

reasons: 

• In OCT, the axial and lateral resolutions are decoupled or independent of one another. 

• OCT provides millimetre-level depth resolution for in-vivo and ex-vivo whole-body imaging.  

• OCT uses IR on near IR light for imaging, which has less scattering and has a higher penetration depth in biological 

tissues and is the only technology that delivers micrometre scale axial resolution for microscopic imaging structures. 

• It is a non-invasive, label-free approach that can also be utilized for functional/multi-modal imaging, albeit exogenous 

contrast ants may be used if necessary 

 Low coherence sources like superluminescent diodes (SLD), wideband, or supercontinuum laser sources are 

used in OCT. This is due to the fact that the lateral resolution is inversely related to the light bandwidth [5]. A source 

with low spatial and temporal coherence is ideal for a high-resolution OCT device. However, there is typically an 

intrinsic trade-off between temporal and spatial coherence in most sources, as systems with low spatial coherence also 

have low temporal coherence. SLDs, which act in a similar way to laser diodes, are frequently used as sources in 

commercial systems. Because of their broad emission bandwidths and moderate temporal coherence, SLDs are a viable 

https://doi.org/10.24412/cl-36896-2021-1-8-12
mailto:renujohn@bme.iith.ac.in
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choice for OCT sources. Combining two or more SLDs with different emission bandwidths can result in extremely high 

bandwidths and ultra-high-resolution imaging [6]. Broadband supercontinuum laser sources, on the other hand, are 

emerging as viable sources for OCT due to their massive emission bandwidths and better temporal coherence 

characteristic of laser sources. 

 

Figure 1. Basic OCT set up using Michelson Interferometer 

 

Time Domain OCT (TD-OCT) and Fourier Domain OCT are the primary imaging modalities used in OCT (FD-

OCT). The sample is placed in one of the arms of a balanced interferometer, and the interferogram is recorded with the 

help of a detector in TD-OCT. The refractive index variation in the depth profile of the sample is encoded in the 

interferogram, which will provide the variations in-depth, also known as an axial scan image or A-Scan image. A lateral 

scan or B -scan can be formed by raster scanning several A-scans along with the sample. Because each B-scan is a cross-

sectional image, a volumetric image of the sample can be obtained by stacking B-scans. 

 On the other hand, FD-OCT records the spectrum using a dispersion element, commonly a grating. Later Fourier 

transform is applied on the spectrum to get the A-scan image. Hence, compared to TD-OCT, this gives higher scan rates 

and a significant SNR advantage to FD-OCT. OCT has a wide range of functional modalities. They get functional 

information by utilizing one or more of the sample's optical characteristics. Spectroscopic OCT, for example, employs 

spectral features such as wavelength-dependent absorption or scattering to acquire functional information from a sample, 

such as the concentration of a particular component [7]. 

Although OCT has a wide range of applications, it used to be an expensive optical setup, which was one of its 

main drawbacks and is the key reason why OCT is still not widely used in medical imaging. However, the cost of OCT 

systems is decreasing now as new technologies develop, such as fibre-based supercontinuum sources, fibre-based 

systems, integrated optical components, etc. Another issue is the OCT size of the OCT system. With the advent of small, 

fibre-based OCT devices [8], even this problem has an optimal solution. The development of integrated optical devices 

such as fibre mirrors, circulators, and other components is projected to reduce OCT system size further. OCT modules 

the size of a briefcase have previously been demonstrated, including a battery-operated source that makes the device 

portable [9]. 

Stomach cancer is the world's fifth most prevalent cancer and the third most significant cause of cancer-related 

death. Males are twice as likely as females to have it. Eastern Asia has the highest incidence rates of all geographic 

locations, and the bacterium Helicobacter Pilori is the primary etiological factor in nearly 90% of cases [10]. The 

Epstein-Barr virus is another pathogen linked to stomach cancer. This pathogen is present in the malignant cells of 80 per 

cent of stomach carcinomas with lymphoid stroma but not in the normal epithelial cells. However, its significance in 

carcinogenesis is unknown [11]. Other proven risk factors for stomach cancer include poor eating habits, heavy alcohol 

usage, persistent smoking, and a lack of fruit intake. Early detection of stomach cancer can dramatically enhance survival 

chances. Stomach cancers are divided into two types based on where they occur: (i) non-cardia gastric cancer, which 

affects the distal region of the stomach, and (ii) cancers of the gastric cardia [12]. 

Because most patients with early-stage stomach cancer are asymptomatic, diagnosis is typically delayed until 

the disease has progressed. Anorexia, dyspepsia, weight loss, and stomach pain are the most typical symptoms at the time 

of diagnosis. Dysphagia may be seen in patients with tumours at the gastro-oesophageal junction or in the proximal 

stomach. Endoscopy and biopsy are commonly used to diagnose stomach cancer. The chief staging modalities for locally 

advanced gastric cancer are endoscopic ultrasonography and chest and abdomen CT scans. Laparoscopy is performed to 

rule out the metastatic peritoneal disease with a limited volume. PET-CT and MRI aren't commonly used to diagnose and 
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stage stomach cancer. However, there is mounting evidence that PET-CT can help with staging by detecting affected 

lymph nodes and metastatic disease. On the other hand, these tests are not always accurate, especially in individuals with 

mucinous tumours, as they may underestimate the severity of the disease [13,14]. 

In this paper, we report using a Spectral Domain OCT system to detect malignancies in the Gastrointestinal 

tract. We demonstrate the application of OCT for the demarcation of tumours in stomach tissues and the identification of 

malignancies, and the diagnoses were later reaffirmed by comparing with results of gold standard histopathology 

Experimental Methods: 

 Surgical tissue samples were taken from patients who had been diagnosed with a gastrointestinal tumour. The 

omentum was connected to the gastrectomy specimen, which measured 30x22x4cms. One end of the stomach was 

stapled (distal resected end), while the other was opened and everted. The specimen was promptly moved to a standard 
saline medium to avoid tissue breakdown. For imaging, the same was quickly kept under SD-OCT. B scan imaging was 

used to identify normal tissues and tumorous sections of the samples in various places. The sample was thoroughly 

inspected to determine the various stages of the tumour. The sites were then marked with India ink to be easily identified 

during histology. After the images are obtained, the specimen is put to a formaldehyde solution. Then the sample is sent 

for histopathology, and images are compared with OCT images. 

Results: 

OCT images were captured and processed to analyse different stages of tumours in the obtained sample. Figure 

2 shows the sample and the processed OCT images. 

 

   

  

 

      

 

 

a.                                                                                                   b. 

 

 

 

 

 

 

                                        

                                       c.                                                                                                 d. 

 

 

 

 

 

 

 

                                           e.                                                                                             f. 
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g. 

Figure 2 (a) Shows the sample (oesophagal tumour tissue) cross-section where OCT is performed (b) Normal tissue OCT 

image (c) OCT image of the tissue in transition stage (d) OCT image of a fully developed tumour  

(e) Histopathology result of normal tissue (f) histopathology result of marginal tissue (g) Histopathology shows 

infiltrating tumour to the muscularis mucosa  

Evident morphological differences between cancer and normal tissue could be observed. The presence of the 

gastric pits in the epithelium lining of the tissue indicates healthy mucosa. Neoplastic changes occur with the extinction 

of the gastric pits and entirely disappear in malignancy conditions. However, the morphological features observed in the 

cross-sectional image produced by the OCT system could not differentiate between dysplasia and cancer.  After 

comparing the OCT images and histopathology results, we saw that the histopathology results confirm the OCT findings. 

The study reaffirms that the OCT can be used to detect gastrointestinal tumours in an early stage, as it can differentiate 

between normal, malignant, and marginally tumorous tissues. This can save a lot of time and effort as the OCT imaging 

can be done in-vivo compared to histopathology. Moreover, the system is real-time and can be used for quick imaging. 

Conclusions: 

The study reaffirms that the OCT can be used to detect gastrointestinal tumours in an early stage, as it can 

differentiate between normal, malignant, and marginally tumorous tissues. This can save a lot of time and effort as the 

OCT imaging can be done in-vivo compared to histopathology. Moreover, the system is real-time and can be used for 

quick imaging. The incorporation of artificial intelligence (AI) can further improve the diagnostic capability of OCT such 

that it can differentiate between dysplasia and cancer. 
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Investigation of body fluids is of paramount importance since it carries a pool of biological markers, which can reflect 

the health status of humans. Technological advancements in the field of biophotonics offer highly sensitive, objective and 

rapid detection of abnormal health conditions from body fluid analysis. Raman spectroscopy has been widely regarded as 
reliable spectroscopic tool for the characterization of body fluids due to its minimal interference imposed by aqueous 

environment. Raman Investigation of blood cells under physiological condition is restricted due to Brownian motion of 

micron sized cells. In view of this, spectroscopic characterizations of live cells in intravenous fluids has been performed 

using a custom built Raman Tweezers, which involves the optical arresting of cells with the aid of tightly focused laser 

beam. 

Introduction 

Raman spectroscopy technique is considered as a widely accepted methodstechnique for studying biological samples [1]. 

The technique has been in use for various fields like molecular structure analysis, biochemical research, forensic science, 

disease diagnosis, chemical analysis etc. [2, 3]. Raman spectroscopy uses inelastic light scattering to provide enough 

details about the molecular makeup of materials, such as the specific functional groups found in biological and chemical 

analytes [4]. In Raman spectroscopy techniques the monochromatic light radiation is  allowed to interact with the sample 

and the scattered light will detected by the spectrograph/spectrometer. The most of the light will be elastic scattered 

(Rayleigh scattering) and the small portion inelastic scattered (Raman scattering) [5].  The Raman signals (Stokes Raman 

scattered radiation) collected using an edge filter after removing the Rayleigh scattered radiation   can be used as a 

“fingerprint” for the identification of the target molecular species.  

Raman spectroscopic investigations of single live cells were possible with the aid of optical tweezers [6]. The Raman 

spectroscopic technique was combined with the Optical tweezers to form Laser tweezers Raman spectroscopy. The 

spectroscopic investigations of live cells were very difficult due to the Brownian motion of the cells from the liquid 

media. The hurdle was overcome by the invention of Optical tweezers technique by Arthur Ashkin [7, 8]. An optical 

tweezers technique consist of a tightly focused laser beam to arrest the moving cells for Raman measurements. Different 

research groups investigated the biochemical changes in Red Blood Cells (RBCs) as a function of temperature, the 

interaction of cells with various external agents (chemicals), laser irradiation, and so on [9-12]. 

Intravenous fluids (IV fluids) are liquids delivered straight into the veins of patients who are unable to meet their daily 

demands through food or drink. Water, salts, and sugar are all present in the intravenous fluids. There are different 

intravenous fluids in daily use under healthcare settings. Several groups are conducting research on intravenous fluid 

infusion and the after effects [13, 14]. Coburn H. Allen et al. conducted a study to compare the effects of normal saline 

and Plasmalyte-An intravenous fluid is a replacement in children suffering from moderate to severe dehydration due to 

acute gastroenteritis (AGE). From this study they have concluded that the plasmalyte-A infusion is more effective than 

normal saline infusion [15]. Scott A. Kirkley et al. conducted a comparative research based on Red Blood Cell washing 

with plasmalyte-A and normal saline. They found that RBCs held for 10 to 39 days and washed with plasmalyte-A had 

less hemolysis and a longer storage time than those stored in normal saline [16]. Neil Blumberg et.al conducted an 

experiment based on the impact of Normal saline and plasmalyte-A on sickle cell and normal RBCs [17]. The RBCs 

incubated (in-vitro) with normal saline was showing more hemolysis than Plasmalyte-A. They have also mentioned that 

the normal saline increases the rate of renal failure in critically ill patients. So the studies related to the impact of 

intravenous fluids on the single live RBCs have paramount importance. The microscopic images and quantitative phase 

images of the RBCs suspended in blood plasma and intravenous crystalloid fluids were also discussed in this current 

work. 

Materials and methods 

The samples were collected from the Blood Bank, Kasturba Medical College, Manipal with the permission of 

Institutional ethics committee. The fresh and healthy blood samples collected from the Blood bank was centrifuged for 5 

minutes with 3000 rpm for obtaining packed RBCs. For the current study the packed RBCs were suspended in different 

intravenous crystalloid fluids (Normal saline 0.9%, Plasmalyte-A, Ringer lactate, Hypertonic saline 3%, Hypotonic saline 
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0.45%, Dextrose normal saline (DNS) and Dextrose 5%). The current experiment was carried out for studying the effect 

of intravenous crystalloid fluids on single live RBCs. Because blood plasma maintains physiological conditions to a large 

extent, RBCs suspended in blood plasma were used as a control. The large dilution of packed cells in the intravenous 

crystalloid fluids prevented multiple cell trapping (0.5 µl packed RBCs in 1 ml of crystalloid fluids).  

The experiments were conducted using home-built Raman tweezers spectroscopy setup shown in Figure 1. The laser 

beam with the wavelength of 785 nm (Star bright diode laser, Torsana laser tech, Denmark) was used for both trapping as 

well as the excitation of the live RBCs suspended in intravenous crystalloid fluids. A 100X oil immersion microscope 

objective was employed to create a tightly focused laser beam for trapping a single living cell (Nikon, plan fluor, Japan). 

The back scattered signals from the sample were collected using the same 100X microscope objective, but the Rayleigh 

scattered signals were blocked using an Edge filter. The Raman signals were directed to the spectrometer (iHR320, 

Horiba Jobin Yvon) with liquid nitrogen cooled CCD (Symphony 1024 × 256-OPEN-1LS). All the spectra were recorded 

from different RBCs with 3 mW laser power for avoiding the photo-damage of the cells. The exposure time and 

accumulation number for each spectra were 60 seconds and 2 respectively. 

 

Figure 1. The schematic diagram of the home-built Laser tweezers Raman spectroscopy setup. 

Results and discussion 

The Raman spectra of single live RBCs suspended in different intravenous crystalloid fluids and blood plasma were 

shown in Figure 2. The RBCs suspended in blood plasma is considered as the control for the study. The arrows given in 

the particular peak positions indicating the intensity changes of the Raman bands. RBCs suspended in hypertonic saline, 

hypotonic saline, Dextrose 5%, and DNS showed notable Raman band intensity changes. The relative intensities of 

oxygenation marker peaks have visible changes. The Raman bands at 565 cm-1 (Fe-O2 stretch region), 1222 cm-1 

(Methine CH deformation region), 1561 cm-1 (Spin marker region) and 1636 cm-1 (spin marker region) have decreased 

intensity in all crystalloid fluids. The deoxygenation marker bands corresponding to 1209 cm-1 (Methine CH deformation 

region) and 1544 cm-1 (spin marker region) have higher intensity in all intravenous crystalloid fluids. Similarly the 

intensity of 1397 cm-1 (pyrrole deformation band) were decreased in all the crystalloid fluids mainly in hypotonic saline 

0.45% and dextrose 5%. RBCs suspended in a hypotonic saline solution had a low overall spectral intensity. The 

decreased intensity of porphyrin breathing mode (752 cm-1) indicate the hemoglobin depletion of RBCs in hypotonic 

saline 0.45%. The oxygenation marker band intensities of RBCs treated with Plasmalyte-A, Normal saline (0.9%) and 

Ringer lactate were also decreased. 
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Figure 2. The Raman spectra of single live RBCs treated with different intravenous crystalloid fluids. 

The microscopic images of RBCs treated with different intravenous crystalloid fluids were given in Figure 3. The images 

were captured using 100X oil immersion microscope objective. In blood plasma, the morphological changes of RBCs 

were not observed, which indicate that the blood plasma is acting as a buffer for the cells. The optically trapped RBC was 

shown in the red circle. Due to the higher flexibility of the RBC after trapping the cell was flipped and looks like a 

dumbbell shape, this shape change was observed in RBCs suspended in blood plasma, plasmalyte A, Ringer lactate and 

normal saline. The RBCs suspended in Plasmalyte-A was showing exactly similar morphological structure that of blood 

plasma. The RBCs were intact in plasmalyte-A. In the case of Ringer lactate and normal saline the morphology of some 

RBCs were started to change. The cells in normal saline was slowly changing into echinocyte stage, but the trapped RBC 

was showing exactly similar features as that of blood plasma. Thorn like projections were started to appear on the surface 

of some RBCs. The morphology of cells suspended in hypertonic saline was completely changed into echinocyte. The 

thorn like projections were easily visible on the cell surface. The RBCs became spherocytes in dextrose 5% and 

hypotonic saline 0.45%. The cells were bulged and the discoid shape of the cells were disturbed. In the case of 

spherocytes the optically trapped cells were not flipped, which shows that the deformation ability of the cells were 

reduced. These morphological changes will adversely effect the cytoskeleton structure of the RBCs and this may effect 

the deformability of the cells. 

 

Figure 3. The microscopic images of RBCs treated with blood plasma and different intravenous crystalloid fluids. 
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The quantitative phase images of the RBCs suspended in different intravenous crystalloid fluids were captured using 

d’Bioimager (d’ Optron) for studying the morphological variations of the cells. A microscope objective of 50X was used 

to magnify the pictures exhibited in Figure 4. Usually, the normal RBCs were discoid shape, the cells suspended in blood 

plasma also have a discoid shape and there is no morphological deformation of the cell. A shows almost similar 

morphological behavior to that of the cells in blood plasma, the cell membrane damage and other deformations were not 

seen in the image. The discoid shape of the cell was maintained in Plasmalyte-A. The RBCs suspended in normal saline 

show some projections or specular structure, indicating that the RBC is morphologically shifting to the echinocyte stage, 

which will result in a reduction in the cell's surface area and volume. The deformation ability of the cell also reduced in 

echinocyte. The specular structures formed on the membrane surface in presence of hypertonic saline are evident in 

Figure 4. Comparing to normal saline the echinocyte formation of RBC in hypertonic solution was faster, after 

suspending the cells in the solution within one or two seconds the discocyte will became echinocyte. The RBCs in 

Dextrose 5%, hypotonic saline and ringer lactate shows spherocyte formation. The center portion of the RBCs were 

bulged due to the effect of these intravenous fluids. The RBCs in Dextrose normal saline (DNS) was almost looks like 

stomatocytes. 

  
Figure 4. The Quantitative phase images of RBCs treated with blood plasma and different intravenous crystalloid fluids. 

Conclusions 

Micro-Raman combined with Optical Tweezers setup is a versatile tool to study the blood components e.g. RBCs, 

Platelets, WBCs etc and their interaction with external stressors.  The effect of intravenous crystalloid fluids on single 

live RBCs were investigated using Raman tweezers spectroscopy technique. The deoxygenation tendency of the cells 

suspended in intravenous fluids were observed from the Raman bands. The hemoglobin depletion or denaturation was 

also evident from the Raman spectra of RBCs in certain intravenous crystalloid fluids. The morphological variations of 

the RBCs also evident from the microscopic images and quantitative phase images. 
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ABSTRACT  

We developed a four-channel photon counting based Stokes polarimeter for spatial characterization of polarization 

properties of Second Harmonic (SH) light. In this way, the critical polarization parameters can be obtained concurrently 

without the need of repeated image acquisition. Various polarization parameters, including the degree of polarization 

(DOP), the degree of linear polarization (DOLP), and the degree of circular polarization (DOCP), are extracted from the 

reconstructed 2D Stokes vector based SH images in a pixel-by-pixel manner. The Stokes vector measurements are further 

extended by varying the polarization states of the incident light and recording the resulting Stokes parameters of the SH 

signal. In turn this allows the molecular structure and orientation of the samples including collagen fibers, skeletal muscle 
fiber, and starch granules. The combination of SHG microscopy and Stokes polarimeter hence makes a powerful tool to 

investigate the structural order of targeted specimens. 

 

Keywords: Polarimetry, Second harmonic generation, nonlinear optics 
 

INTRODUCTION 

Second harmonic generation (SHG) microscopy is an effective analytical tool for detailed investigation of microscopic 

structure and orders of non-centrosymmetric molecules [1]. Stokes vector based SHG microscopy resolves the 

polarization states of the SH signal and allows the deduction of the molecular organization of collagen, skeletal muscle, 

starch etc [2-4]. The technique is also implemented to characterize the polarization properties of the SH signal during 

starch gelatinization. Starch in the form of grains is the major storage compound in plants and so is an important part of 

our food [5].  Scientists are keen to understand the origins in plants, and how changes to the plants’ genes could affect the 

composition and properties of the starch in the grains [6]. The finest features in the starch granule structure are due to the 

molecular packing of amorphous amylose and crystalline amylopectin lamellae [7]. Also, the sample preparation for the 

high resolution microscopy provides a complete structural elucidation of starch in its native form. The optical microscopy 

provides non-invasively the detail of the microscopic structural information of starch [8]. A strong SH signal from semi-

crystalline amylopectin chains which are assumed to lie in the amorphous lamellae (amylose) form radially distributed 
amorphous growth rings in starch [9, 10]. A Stokes vector based SHG microscopy scheme is distinct from several other 

previously demonstrated polarization resolved approaches in that it uses a large number of images rather than a single 

shot measurement [2,11-13]. The complete polarization states of the SH light of starch granules were characterized from 

SHG Stokes micrographs [2,3]. In order to optimize the processing operations and obtain the desired quality of starch-

based foods, a thorough understanding of the starch-water interaction through the gelatinization process is required 

[14,15]. In pixel by pixel SH image analysis, it is found that at room temperature the structural distribution of double 

helical amylopectin is self-organized upon hydration within starch granules [12]. In this article, the thermal behavior of 

these structurally complex materials is investigated by Stokes vector based polarization resolved SHG imaging. In 

addition, the chemical interactions between different components are observed from the reconstructed 2D SHG images 

using various polarization parameters, such as the degree of polarization (DOP), the degree of linear polarization (DOLP) 

and the degree of circular polarization (DOCP) from the acquired Stokes parameters [2].  
 

 

MATERIALS AND METHODS 

The experimental arrangement for measuring the polarization properties of SH signal via SHG microscopy is described 

in detail in [2,3]. A modified inverted Olympus IX81 confocal microscope is used as our imaging setup. A femtosecond 

Ti: sapphire (Coherent Mira Optima 900-F) laser oscillator was used as the excitation light source. The center 

wavelength was set at 800 nm and had a full width at half maximum (FWHM) spectral width of 15 nm which gave 

transform limited pulses of ~ 100 fs, with average power ~550 mW and repetition rate~76 MHz. Our polarization 

microscope includes a polarization state generator (PSG), sample and polarization state analyzer (PSA). The various 

polarization states are generated using the PSG formed from a polarizer and a half wave plate. Samples were mounted 

upside-down on an XYZ stage and scanned with a laser scanning unit (Olympus, FV300). An objective lens (UPlanFLN 
40X/N.A. 1.3, Olympus Co., Japan) is used for focusing the laser beam.  The measured signals were analyzed by means 

of a polarization state analyzer (PSA), specifically, a four-channel Stokes-polarimeter [2]. The SH signal is collected in 

the forward direction using a 20X, 0.75 N.A. objective lens. A band pass filter of 400 ± 40 nm (Edmund Optics Inc., 

Barrington, New Jersey) was also inserted into the SHG emission path. Details regarding calibration and performance of 

our Stokes-polarimeter are given in [2-4]. The four-channel Stokes-polarimeter microscope is a variation in that we 

reconstructed the 2D intensity images as well as the corresponding Stokes vector images. Again, the different 

polarization parameters are reconstructed from the acquired TSCPC data pixel by pixel with a specialized homemade 

routine in MATLAB (MathWorks, R2009b, Natick, MA) [2]. We report on measurements and characterization of 

polarization properties of (SH) signals using a four-channel photon counting based Stokes polarimeter. In this way, the 
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critical polarization parameters can be obtained concurrently without the need of repeated image acquisition. The critical 

polarization parameters, including the degree of polarization (DOP), the degree of linear polarization (DOLP), and the 

degree of circular polarization (DOCP), are extracted from the reconstructed Stokes vector based SH images in a pixel-

by-pixel manner [2].  

 

RESULTS AND DISCUSSION 

Stokes vector based SH microscopy was developed to investigate the molecular structure more precisely using 

polarization properties of SH. 2D Stokes vector images of collagen type-I are reconstructed to determine the image 

contrast and to examine molecular alignment in fiber [16]. It is evident that the horizontally polarized excitation beam is 

transformed into partially polarization light upon interaction with the collagen fibers. The spatial distribution of 
anisotropic and chiral properties from collagen type-I are differentiated using DOLP and DOCP parameters. The relative 

orientation of the optical axis of crystals with extraordinary and ordinary rays varies at different focal depth. Thus the 

chiral SHG response should depend on the variation in the contribution of chiral and achiral susceptibility elements [17]. 

This can, in turn reveal collagen-fiber orientation and structural order through SH detection. Therefore, the DOLP and 

DOCP values are complimentary; the region with higher/lower DOLP value shows lower/higher DOCP value. The 

measurements are further extended to angular dependence of Stokes parameters of the SH signal to characterize the 

molecular orientation more thoroughly [18]. The measurements are further extended by varying the polarization states of 

the incident light and recording the resulting Stokes parameters of the SH signal. In the previous study, it is demonstrated 

that due to type I phase matching and concentric shell like structure, starch granule acts as a polarization state analyzer 

[12]. Specifically, SH contrast depends on the polarization states of the excitation and reflects molecular arrangement 

accordingly. For example, starch granules are arranged in semi-crystalline shells, the amylopectin chains in the 
crystalline layers are strongly anisotropically ordered and thus yield strong SH [3, 12]. Right and left circularly polarized 

illumination is transformed into elliptically polarization, depending on the handedness and the absolute orientation of 

amylopectin molecules. The DOLP and DOCP distributions hence demonstrate the components of both linearly and 

circularly polarized light in the SH signal. The crystallized arrangement of collagen type-I and amylopectin seems to be 

an indispensable condition for efficient SH conversion. The optical nonlinearity in starch granules will facilitate further 

studies in food science and provide insights into bio-energy transformation dynamics. 

 

 

CONCLUSION 

In conclusion, this review has elucidated the uniqueness and the prospects of Stokes vector based polarization resolved 

SH imaging. Conventionally polarization microscopy usually characterized measured signals with a two-channel 
configuration. SH imaging, however, has the advantage of being highly sensitive to the structural order of targeted 

specimens. Generally, SH polarization analysis can be carried out with Jones calculus since SH is usually coherent and 

fully polarized. However, multiple or time-lapsed scans would be required if the phase relationship between the eigen-

polarization vectors is to be uncovered. We have presented the basics and applications of linear and nonlinear 

polarization light microscopy techniques in details. The molecular orientation and retardance provides additional 

information on birefringent specimen with enhanced contrast. Nonetheless, deep imaging inside thick biological samples 

can distort the polarization linearity of the excitation laser beam before it reaches the focal volume. In SH anisotropy, 

birefringence of collagen may strongly affect the incident electric field. This effect is more pronounced in the forward 

geometry than the backward detection, which needs to be taken into account during image analysis. The integration of 

SH microscopy and Stokes polarimetry hence makes a powerful tool to investigate the complete polarization state of SH 

light as well as the structural order of collagen fiber, starch granules, skeletal muscle [2, 12, 18]. The analysis was 

therefore extended to include the orientation and degree of organization from type-I collagen by varying the incident 
laser polarization whilst detecting the resulting polarization state of SH light using the four-channel Stokes-polarimeter 

[19]. A full Mueller matrix formalism has long been shown a powerful method and applied under linear optics settings. 

PSA measures the polarization states of the signal beam. There is no need to control the incident beam polarization to a 

very specific state (such as being perfectly linearly or circularly polarized) on the samples. A specific polarization state, 

such as being “linearly horizontally polarized”, is usually referred to the coordinate of the observer, instead of the relative 

orientation (and thus interaction) between the incident beam and the samples. The important parameters to be extracted 

from the polarization measurements are the degree of polarization (DOP), the degree of linear polarization (DOLP), and 

the degree of circular polarization (DOCP) [2, 3, 12] Characterizing the polarization states of the outgoing signal beam 

and thus deducing these parameters will be sufficient to infer the status of and the SH response from the samples, which 

is the core idea of our method. The measured SH signals and the reconstructed Stokes images are originated from the 

focal plane within the sample, attributing to the optical nonlinearity. Importantly, it should be noted that in SH 
microscopy Type I phase matching is assumed, that is hνω, ordinary + hνω, ordinary→ hν2ω, extraordinary, for the SH signal, which 

also indicates the polarization states of the SHG would faithfully reflect those of the incident excitation beam. 
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ABSTRACT  

Photodynamic therapy (PDT) utilizes photosensitizers (PSs) together with irradiation light of specific wavelength 

interacting with oxygen to generate cytotoxic reactive oxygen species (ROS), and then the cell death could be induced 
directly by cell damage from apoptosis, necrocytosis and autophagy, or indirectly by vascular destruction, , as well as 

immune response activating cytotoxic T cell or antibody-dependent cellular cytotoxicity. Considering the critical role of 

ROS generation during PDT, multifunctional nano-PSs employing nanotechnology and nanoscience are being widely 

developed during the past two decades, which present not only photosensitizing properties but additionally accurate drug 

release abilities, efficient response to optical stimuli and hypoxia resistance. In addition, multifunctional nano-PSs have 

been developed to enhance PDT efficiency by improving the ROS yield. Moreover, nano-PSs with additive or synergistic 

therapies are significant for both current preclinical research and future clinical practice, given their capability of 

considerable higher therapeutic efficacy under safer systemic drug dosage. In this talk, multifunctional nano-PSs that 

allow precise drug delivery for efficient absorption by target cells are introduced. multifunctional Nano-PSs boosting 

sensitivity and conversion efficiency to PDT-activating stimuli are highlighted. multifunctional Nano-PSs developed to 

address the challenging hypoxia conditions during PDT of deep-sited tumors are summarized. Specifically, PSs capable 
of synergistic therapy and the recently emerging novel types that further enhance PDT efficacy are presented. Finally, 

future demands for ideal multifunctional nano-PSs, emphasizing clinical translation and application are discussed. 

 

 

Figure: Multifunctional nano-PSs for enhanced PDT. 
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ABSTRACT  

Biomedical photonics is currently one of the fastest growing fields of life sciences since optical imaging techniques allow 

low-invasive in vivo structural and functional analysis of tissues with high resolution and contrast unattainable by any 

other method (1-2). 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. For instance, observation of 

brain structure and neural activities is of great significance to understand not only normal brain physiology but also 

dysfunctions of vasculature and neural networks related to various brain diseases (3-4), while the skull above prevent in 

vivo optical brain imaging. Moreover, as the largest organ of the body, skin is an ideal target tissue for microvascular 

network and immune response monitoring, but its turbid nature severely limits the visualization by decreasing the 

imaging resolution as well as the imaging depth. Traditionally, to overcome the scattering of such barriers above the 

target tissue, surgery-based windows have to be performed. Fortunately, novel in vivo tissue optical clearing technique 
could reduce the scattering of tissue and make it transparent for higher optical imaging quality. This presentation will 

introduce the recently developed skin/skull optical clearing windows for imaging structure and function of 

cutaneous/cortical vascular and cells, as well as for manipulating cortical vasculature (5-8).  

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure: Different optical clearing windows for improving cortical neuro/vascular imaging depth [4-8] 
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ABSTRACT 

In digital pathology, stained histopathology slides are digitized by scanners to generate digitized whole-slide images 

(WSI). Then image processing and classification based on either imageomics or artificial intelligence (AI) approaches are 

used for tasks such as object detection and segmentation, as well as predicting disease diagnosis and prognosis of 

treatment response on the basis of patterns in the images. It has been known that Mueller matrices encode rich 
information on the microstructural features of complex samples, such as histopathology features of tissues. WSI by a 

Mueller matrix microscope is expected to reveal more abundant information in both the polarization and image features 

for medical doctors making more objective decision in clinical diagnosis. In this talk, we present a brief summary on our 

continuous efforts to realized polarization digital pathology. We have developed Mueller matrix microscopes by adding 

polarization optics in the existing optical path of commercial upright transmission optical microscope, and used them for 

taking Mueller matrix WSI of both stained and unstained pathological slides from adjacent sections of the same tissues. 

Diagnosis by medical doctors based on high resolution color images of the stained slides are used as gold standard for 

supervised learning to extract the corresponding polarization features. Although the results are still preliminary, we have 

proved that taking into account both the polarization and image features results in significant improvements in the 

performance of digital pathology. 
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ABSTRACT  

Over the past decade, modern advanced optical imaging technologies change people’s ways of understanding the world 

in many aspects, including clinical application, industrial measurement, and fundamental research [1-3]. For all-optical 

imaging methods, there always exists a trade-off between high resolution and deep penetration depth [4]. Among them, a 

group of imaging methods, which collect ballistic or single scattering photons [5,6]. They commonly provide high-

resolution imaging power but the imaging depth limit to a superficial layer. For those methods that are deep imaging 

availably, they generally rely on diffuse photons [7]. But the imaging resolution is degraded a lot. The fundamental 

limitation of this phenomenon is the multiple scattering of light. The primary cause is the anisotropy of biological tissues 
and the impact of photons on the micro-particles. To solve this problem, pioneers’ have done significant work in 

improving society. Reflection matrix measurement and decomposition of the time-reversal method have shown their 

abilities to tell the single scattering photons from the multiple scattering [8,9]. By shaping the wavefront of light, 

scattering events become controllable so that light is focused even transmits through a highly scattering medium [10]. 

Here, we present our work for the following two purposes--- deep imaging and focusing. In the aspect of deep 

imaging purpose, we combine optical heterodyne detection and lock-in amplitude to detect those weak signals drowned 

in the background noise [11]. After reconstructing the reflection matrix that describes the light propagation process in the 

sample, and applying a singular value decomposition of the matrix. We succeed in imaging through a sample with 15.2 

times scattering means free path (SMFP) without compromising to resolution decline. It is a significant improvement in 

imaging depth when compared to confocal microscopy ~ 2-3 SMFP or optical coherence tomography ~ 6-7 SMFP. 

In the aspect of focusing light deep within media purposes, we have done two types of work. The first work is a 

high-speed wavefront determination for millisecond beam focusing through a scattering medium. For a very long time, 
one of the major challenges to apply wavefront shaping methods in practical applications is the required long 

optimization time. In this work, we propose an in-&-out light field analysis method to calculator the matched wavefront. 

The advantage of this technology is that the speed of the whole beam focusing process is ~113ms [12]. When compared 

to the conventional iterative feedback wavefront of transmission matrix measurement methods, it has shortened the time 

consumption for 2~3 orders. We believe this work shows the potential to enable the translation of the wavefront shaping 

method to increase image depth in a highly scattering medium such as biological tissues. The second work is to focus the 

beam inside the scattering medium without any guide-star assistant. Firstly, we applied time-reversal operation to the 

reflection matrix to filter out those multiple scattering photons that arrived at the target position. Then, by shaping the 

incident light according to the optimal wavefronts, the above-mentioned multiple scattering photons would travel in the 

“open channels” this time. Light travel in the open channel will experience zero-energy loss and the shortest flight of 

time towards the target. After optimal, the intensity of light distribution, at the imaging depth of 9.6 times scattering 
mean free path, becomes focusing again. At the same time, the energy has also been improved by one order. 

In conclusion, we have combined decomposition of time-reversal operation, reflection matrix measurement, and 

wavefront shaping to imaging and focusing ultra-deep inside the complex medium. Based on the above research, we plan 

to apply this technology to a broader range of fields in the coming work. Such as brain science research, the skull layer is 

considered a typical highly scattering layer. We want to provide a new in-vivo, noninvasive, and high-resolution optical 

imaging method to imaging the nerve and blood vessels beneath mice skulls. In the field of fundamental research, we 

show the potential of this method in studying the light propagation process, separating single from multiple scattering 

photons, and the ability to control photons' travel path within the scattering medium. 
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ABSTRACT 

In the past decade, the development of phenotypic detection was greatly promoted by advanced photonics-based 

technologies. A variety of imaging techniques, including visible light imaging, hyperspectral imaging, structured light, 

X-ray computed tomography, have been applied in the case of rice, maize, rape, cotton and grapevine. Phenotypic data 

were extracted from crop images using specialized algorithm, which generally adopted classical image processing and 

machine learning methods. Traditional phenotyping that depends largely on manual measuring were tend to be replaced 

by automatic, non-destructive image-based phenotyping, bringing the functional analysis of crop genome into a high-
throughput stage. 

Keywords: high-throughput phenotyping, imaging techniques, image processing, machine learning. 

1. Common photonics-based techniques in phenotypic detection 

The evaluation of crop phenotypic traits is the foundation of functional genomics and crop breeding. The high-throughput 

phenotyping refers to extracting multi-dimensional crop phenotypic information on high-throughput phenotyping 

platforms which is usually the combination of a range of devices for automatic image acquisition and specialized 

algorithms for traits extraction [1-3].  

Commonly adopted imaging techniques in our works included visible light imaging, hyperspectral imaging, structured 

light and X-ray computed tomography. The visible light imaging is low-cost and adaptable in indoor and outdoor 

environments. Line-scan RGB imaging were used to measure maize ear traits [4]. 2D RGB images were used to evaluate 

shoot biomass, leaf area, and yield-related traits of the rice plants [5, 6]. 3D RGB imaging techniques, including stereo 
vision, shape from silhouette and structure from motion, were used to generate the 3D models of rape [7], rice [8] and 

grapevine [9], respectively, which allowed more comprehensive understandings of the plant morphological structures in 

3D level. Besides, visible cameras can be mounted on unmanned aerial vehicle (UAV) for field-scale monitoring [10]. 

The hyperspectral imaging, integrating spectroscopic and imaging techniques and producing data that contains both 

spatial and spectral dimensions, were employed to explore genetic variation in rice by performing genome-wide 

association study of hyperspectral indices and traditional agronomic traits in different rice accessions [11]. Since plant 

pigments varies in spectral reflectance, the hyperspectral imaging was also used for non-destructive prediction of rice 

chlorophyll content [12]. The structured light is a 3D imaging technique with high resolution and accuracy, it was applied 

to measure leaf area, leaf perimeter, leaf angle, leaf rolling degree and leaf yellow ratio of cotton plants during seedling 

stage [13]. Distinguishing from above mentioned kinds, the X-ray based imaging techniques, including X-ray digital 

radiography and X-ray computed tomography that are able to detect inner structures of crops from cellular to organ scale, 
were used to quantify wheat tiller morphological traits [14], rice grain traits [15], rice panicle traits [16] and lodging 

resistance-related traits of the rice plants [17]. The application of these imaging techniques in our work were shown in 

Fig. a. The photonic imaging system equipped in a dark chamber generally contains an electromechanical controller to 

move the plants, an imaging device connected to a computer for automatic image acquisition and several light sources to 

ensure suitable illumination. 
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Figure: (a) The application of various photonics imaging techniques in high-throughput crop phenotyping 

 

2. Methodologies for phenotypic traits extraction from crop images 

The phenotypic traits extraction from crop images is a core procedure of image-based phenotyping. Part of this could be 

achieved by a variety of classical image processing algorithms such as thresholding, connected component analysis, 

morphological operations including dilation and erosion, skeleton extraction and so on. While some complex issues - for 

instance - segmenting target objects from background with similar colours and detection tasks when there are frequent 
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overlaps of target objects, were quite intractable with classical image processing algorithms. Fortunately, these could be 

well addressed using deep learning methods (Fig. b). The Panicle-Seg software was established on the basis of a 

convolutional neural network and superpixel optimization for segmentation of rice panicles in field [18]. The faster 

region-based convolutional neural network (Faster R-CNN) was applied to evaluate spikelet numbers in panicle images 

[16]. Besides, the Culms-SegNet, which was based on SegNet - a deep fully convolutional neural network for semantic 

pixel-wise segmentation, was built for extraction of rice lodging resistance-related traits from computed tomography rice 

stem slices [17]. Manual measuring of phenotypic traits were performed to evaluate the prediction accuracies of the high-

throughput phenotypic systems, in which the squares of the correlation coefficients, the mean absolute percentage error 

and the root mean square error were generally adopted. The specialized algorithms for traits extractions were basically 

developed with the OpenCV library and accelerated by CUDA. Furthermore, the PCL library which provides powerful 
supports for point cloud processing, were applied to calculate complex 3D phenotypic traits. 

 

 
 

Figure: (b) Deep learning methods for different phenotypic tasks. 

 

CONCLUSIONS 

The image-based phenotyping provided high-efficient and objective methods for quantification of multi-dimensional 

crop agronomic traits. This paper introduced the advanced photonics imaging techniques and the classical and the state-

of-the-art image processing techniques that have been applied in our previous phenotypic works. We expect these high-

throughput phenotypic methods benefit more genetics and crop breeders. 
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ABSTRACT 
The brain is the most complex and significant organ, but little is known regarding to the mechanisms of its function, 

which is related to brain anatomy. Conventional anatomical methods based on brain slices fail to reconstruct the neural 

projection in axial direction at single-cell resolution. To solve the problem, my lab has spent more than ten years 

developing Brain-wide Positioning System (BPS), a novel solution combining microscopic optical imaging and physical 

sectioning to obtain the tomographic information of a whole brain with sub-micron voxel resolution. BPS includes 

several generations such as Micro-Optical Sectioning Tomography (MOST) and several types of fluorescence MOST 

(fMOST). In this talk, I will introduce the principles of BPS and demonstrate how to locate and visualize the labelled 

neurons and neuronal networks in the whole brain. The pipeline includes whole-brain sample preparation, whole-brain 

optical imaging, and massive brain image processing and analyzation. BPS may play a crucial role and usher in a new era 

of Brainsmatics. Brainsmatics refers to the integrated, systematic approaches of measuring, analyzing, managing, and 

displaying brain spatial data, including but not limited to the concepts of digital mapping and visualization of the brain 
neuronal/vascular networks, brain atlas, brain connectome and projectome, brainnetome, neuroinformatics, and 

neuroimaging. Brainsmatics will provide comprehensive and systematic information to understand the brain, defeat the 

brain disease, and develop the brain-inspired intelligence. 
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Violations of the microcirculatory-tissue systems (MTS) of the human body play a key role in the pathogenesis of 

various diseases complications, for example, rheumatological and endocrinological ones. Moreover, microcirculatory 

dysfunction plays a key role in the pathogenesis of gastrointestinal diseases, as well as ischemic organ damage in some 

acute abdominal surgical diseases. A modern trend in the development of optical non-invasive diagnostics (OND) is a 

multimodal approach combining several optical (less often – additional non-optical) methods in one diagnostic 

technology. This allows one to obtain highly efficient diagnostic tools for rheumatology, endocrinology, surgery, 

oncology, neurology, and other areas of medicine requiring determining the parameters of tissue perfusion-metabolic 
status. In order to ensure wider implementation of OND technologies into clinical practice, it is necessary to improve the 

multimodal approach methodology in the development of new methods and technical means for assessing the functional 

state of MTS in various fields of medicine. It is also necessary to resolve physical and technical issues, including 

substantiating medical and technical requirements for improving OND devices, carefully working out the issues of 

monitoring the technical condition to check their performance, identify hidden defects and failures, and compare the 

results obtained on various devices. 

The aim of this work is to improve the quality of optical diagnostics of human body MTS and ensure the conditions for 

its widespread introduction into clinical practice through scientific substantiation and development of a general 

methodology of multimodal OND. 

To solve the research problems, a systematic approach was used to develop algorithm for the synthesis of multimodal 

OND for assessing the functional state of MTS in various diseases. According to the developed scheme of interrelations 
between the main parameters and states of the MTS in various diseases, depending on research purposes, it is proposed to 

jointly apply the appropriate methods of OND. According to the biotechnical approach, a generalized biotechnical system 

(BTS) of multimodal optical diagnostics was synthesized to assess the functional state of the MTS of the human body. In 

addition to the decision rule, the developed BTS consists of hardware and software, including 4 main blocks: direct 

impact on the object, including, in addition on the biological tissue itself, test objects (optical phantoms); registration and 

processing of data. According to the proposed approach, the use of the decision rule (classifier) allows one to provide a 

diagnostic result to the doctor in the form of the presence/absence of microcirculatory-tissue disorders, as well as to 

determine the causes of the identified disorders and, thereby, brings the OND technology closer to the level of standard 

diagnostic methods.  

Based on the BTS of multimodal OND a methods for assessing angiospastic and microcirculatory disorders in rheumatic 

diseases, and a method for assessing microcirculatory-metabolic disorders in MTS of lower limbs in diabetes mellitus 

were developed. Also in this work, algorithms were developed for assessing the state of the MTS of the human body 
under various conditions, such as sports and physiological stresses, during physiotherapeutic treatment and minimally 

invasive surgical procedures. The developed methods are based on the combined application of several widely used 

methods of OND, such as laser Doppler flowmetry (LDF), tissue reflectance oximetry, diffuse reflectance spectroscopy, 

fluorescence spectroscopy (FS) etc. It is important to emphasize that in these cases the results of multimodal diagnostics 

are not just a set of registered biomedical parameters, which are difficult to interpret by doctors due to both their 

complexity and high variability, but the information about the presence/absence of specific disorders in the MTS with the 

possibility of analyzing their causes. 

In addition to the considering of the general issues of multimodal OND devices constructing, the substantiation of 

specialized medical and technical requirements was carried out. It allowed one to take into account the effect of blood 

circulation in biological tissue and pressure of the optical probe on the measurement results. To improve the metrological 

and technical support of multimodal OND, it is also necessary to develop new approaches and devices for monitoring 
their technical condition. Improved test objects (optical phantoms) for the most common optical methods in medical 

practice (LDF and FS) have been proposed, since they are the basic ones in modern multimodal OND. 

The developed methodology of multimodal OND can be used to build medical decision support systems for the widest 

areas of medicine. The results of the work can be extended to other areas of medicine, for example, to improve optical 

biopsy methods in minimally invasive surgery, rheumatology, endocrinology, otolaryngology, dermatology, neurology, 

etc. The introduction of multimodal diagnostics into wearable devices (fitness bracelets, smartwatches) for long-term in 

vivo monitoring (daily or during sleep, tracking of circadian biorhythms; during treatment in a hospital or at home) also 

has great diagnostic potential. 

The study was supported by the Russian Science Foundation under the project №21-15-00325. 
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ABSTRACT 

Cancer remains one of the deadliest diseases and causes millions of deaths every year. Nowadays, chemotherapy and 

radiotherapy and surgery are the major clinical treatments, all of which frequently cause adverse effects and pose a risk of 

recurrence. In contrast, phototherapy, a rising platform with specific spatiotemporal selectivity and minimal invasiveness, 

has become an emerging solution for cancer therapy. Phototherapy, including photodynamic therapy and photothermal 

therapy, relies on the conversion of light energy into chemical and thermal energy by phototherapeutic moieties to kill 

tumors, and the in vivo biological effects induced can be combined with other therapeutic modalities to achieve 
synergistic treatment. In the meantime, the development of nanomedicine has ushered new frontiers in cancer therapy, 

holding great promise for improving the therapeutic index and reducing side effects. We always focused on the 

construction of a multi-functional nano-drug delivery system for phototherapy combined with other treatments for 

multimodal synergistic therapy of tumors. Centering on the above concept, we utilized targeted cascade delivery [1], 

tumor oxygenation enhanced photodynamic therapy [2], photothermal therapy combined with immunotherapy and other 

strategies which through liposomes, micelles, biofilm fusion liposomes, biological vesicles to make each treatment 

cooperative and enhance cancer treatment. In vitro and in vivo experiments have shown that these tactics may provide a 

promising and pragmatic platform for clinical applications. 
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ABSTRACT 

Deciphering the information processing within neuronal circuities demands a technique that is capable to record 

multitude neuronal inputs at synaptic resolution and the dynamic of neuron ensembles across a large brain volume. In 

favor of its non-diffractive propagation in space, Bessel beam has been demonstrated in two-photon microscopy as an 

approach to improve the volumetric imaging speed via an axially elongated focus [1, 2]. However, the impacts of phase 

turbulence, such as aberrations presented in the imaging system and biological samples, are usually overlooked and less 
studied for Bessel beam. In this study, we have shown that aberrated Bessel beam reduces the two-photon excitation 

efficiency and degrades the signal-to-noise ratio (SNR) especially for small neuronal structures in deep cortical layers. 

 

 

 
Figure 1: (a) System schematic diagram. (b) AO correction process for the Bessel focus and measured PSFs without and with the 

system AO correction. 

 

 

 

In order to correct the aberrations for Bessel beam, we developed an adaptive optical (AO) Bessel beam multiphoton 

microscopy, which was enabled by two spatial light modulators conjugated to the image plane (SLM1) and the pupil 

plane (SLM2) respectively (Fig. 1a). System and sample induced aberrations were first probed by the Gaussian beam at 

the pupil plane based on the pupil-segmentation methods [3]. The wavefront correction pattern was then confirmed by 

imaging a 0.1um fluorescence bead and yielded about threefold signal improvement for Gaussian beam (Figs. 1b, c). 

Given a small interactive area between the SLM2 and the Bessel beam profile at the pupil plane, the wavefront correction 
pattern was computationally propagated to the image plane (SLM1) to construct the aberration-corrected Bessel beam for 

a greater correction efficiency (Fig. 1e). Imaging of a 0.1um bead by aberration-corrected Bessel beam (blue curve in Fig. 

1f) showed about twofold signal improvement (Figs. 1d, 1f) and a dramatic higher correction efficiency compared to the 

AO correction directly applied at the pupil plane (green curve in Fig. 1f). 
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Figure 2: In vivo volumetric imaging of synaptic activity in the deep cortical layers with AO corrected Bessel two-photon fluorescence 

microscopy. 

 

By sparsely expressing GCaMP6s in layer 2/3 (200um below pial) and GCaMP7s in layer 4/5 (400um below pial) in the 

mice primary visual cortex, we were able to measure the sample induced aberration using the bright soma body as a 

guide star. The wavefront correction not only improved the signal and resolution for Gaussian imaging (Figs. 2a, 2g), but 
also enhanced the contrasts and resolvability of small structures (e.g., spines) for Bessel imaging (Figs. 2d, 2e, 2j, 2k). 

With AO-corrected Bessel beam, more photons were effectively delivered to the desired region of interest. Therefore, 

more Ca2+ transients can be detected for spines (Fig. 2f) and the orientation selectivity of dendritic spines could be 

determined with more confidence owe to the improved signal-to-noise ratio (Figs. 2l, 2m). 
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ABSTRACT  

Circulating tumor cells (CTCs) is an established biomarker of cancer metastasis. The circulation dynamics of CTCs are 

important for understanding the mechanisms underlying tumor cell dissemination. Although studies have revealed that 

the circadian rhythm may disrupt the growth of tumors, it is generally unclear whether the circadian rhythm controls the 

release of CTCs. In clinical examinations, the current in vitro methods for detecting CTCs in blood samples are based on 

a fundamental assumption that CTC counts in the peripheral blood do not change signifificantly over time, which is being 

challenged by recent studies. Since it is not practical to draw blood from patients repeatedly, a feasible strategy to 

investigate the circadian rhythm of CTCs is to monitor them by in vivo detection methods.  Fluorescence in vivo flflow 

cytometry (IVFC) is a powerful optical technique that is able to detect flfluorescent circulating cells directly in living 
animals in a noninvasive manner over a long period of time. In this study, we applied fluorescence IVFC to monitor 

CTCs noninvasively in an orthotopic mouse model of human prostate cancer. We observed that CTCs exhibited 

stochastic bursts over cancer progression. The probability of the bursting activity was higher at early stages than at late 

stages. We longitudinally monitored CTCs over a 24-h period, and our results revealed striking daily oscillations in CTC 

counts that peaked at the onset of the night (active phase for rodents), suggesting that the release of CTCs might be 

regulated by the circadian rhythm. 
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ABSTRACT 

Cancer is one of the major causes of death, with high incidence and mortality in the world, and is expected to 

continue increasing in the following 20 years. The survival time of patients with localized tumor is significantly 

prolonged, while that of patients with distant metastases is still short. As an example, the five-year relative survival for 

patients with melanoma, the most aggressive form of skin cancer, decreased from 99 to less than 30% when the tumors 

progressed from localized to metastatic tumors [1]. Monotherapy is difficult to achieve complete cure in malignant 

tumors, even causing drug resistance and severe side effects. Developing collaborative strategies of different treatments 

for both primary tumors clearance and distant metastases elimination is urgently required. 
Immunotherapy has brought a bright future of cancer therapy that can stimulate host immune system to destroy 

cancer cells. The discovery of immune checkpoint inhibitors marks a major breakthrough in cancer immunotherapy, 

including cytotoxic T lymphocyte associated antigen-4 (CTLA-4) and programmed cell death-1 (PD-1), which have been 

awarded the Nobel Prize in 2018 [2, 3]. Ipilimumab, a CTLA-4 antibody, has been approved by U.S. Food and Drug 

Administration for the treatment of patients with advanced melanoma [4]. The mechanism of action of ipilimumab in 

patients with melanoma is indirect, acting through T cell mediated antitumor immune responses. Therefore, a large 

number of cytotoxicity T cells were required to enhance the therapeutic effect of immunotherapy. 

Phototherapy was supposed to a promising cancer therapy due to its effectiveness in producing in situ whole tumor 

cell vaccine and destroying primary tumors with non-invasiveness [5]. The effective conversion from light energy to heat 

is necessary for phototherapy, which can be achieved by introducing appropriate photoagents. Primary tumors were 

ablated after the specific near infrared light (NIR) irradiation to generate prophagocytic signals, such as tumor-associated 

antigens, damage-associated molecular patterns and proinflammatory cytokines, which subsequently were recognized by 
dendritic cells (DCs). This process is considered as immunogenic cell death, which potentiated the activation and 

infiltration of DCs to trigger robust cytotoxicity T cells response [6]. Thus, photo-immunotherapy may provide an 

excellent solution to inhibit both primary tumors and distant metastases [7]. Herein, in order to verify the therapeutic 

outcomes and support the synergistic hypothesis of combination between phototherapy and immunotherapy, we present 

one case of stage IV melanoma treated with laser irradiation and ipilimumab [8] (Figure 1). 

The patient had primary tumor and several epidermal metastases in head and neck, as well as metastatic tumor in the 

lungs (AJCC stage IV M1b), repeated attempts at surgical resection and high-dose radiation therapy had failed. On 

physical examination, a primary melanoma site and surgical scars were observed near the vertex of the bald scalp. There 

was also a 5- or 6-cm ‘drinking straw’-like chord of metastatic deposits in his head and neck that probably represented a 

series of small nodular and diffuse lymphatic infiltrates. From the chest PET image, several metastatic nodules in the 

lungs were observed. 

 

Figure 1. Schematic of treatment using phototherapy and ipilimumab on a stage IV melanoma patient. 

The patient was treated with non-invasive NIR laser irradiation (805 nm, 1 W/cm2, 10 min) and topical imiquimod as 

the immunoadjuvant (5% cream, 250 mg per dose, twice daily) on the site of cutaneous melanoma. After three months, 

all cutaneous melanoma in head and neck had been completely cleared. However, the pulmonary metastases remained no 

shrinking. To further improve the therapeutic effects, three months after the first phototherapy, an initial course of 

ipilimumab (3 mg/kg) was started, for a total of four infusions, one every three weeks. Another three months later, 

immediately after the ipilimumab treatment cycle, compared to the treatment before (Figure 2A), a repeat chest CT image 

showed that two small nodules in right lobe were disappearing (Figure 2B). Nine months after ipilimumab treatment the 

larger nodule had completely resolved (Figure 2C-D). 
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Figure 2. CT images of the patient taken three months apart showing the same level in the thorax. 

   In summary, the combination of phototherapy and ipilimumab was determined could achieve completely clearance of 

both primary and metastatic tumors in one patient with stage IV melanoma. All melanoma nodules on the head and neck 

were inhibited after phototherapy. However, there were no changes in pulmonary metastases. After the implementation of 

ipilimumab, all the pulmonary metastases were decreased and finally disappeared. Clinical response of this patient 

supports the hypothesis that phototherapy increases the number and quality of T cells in the tumor microenvironment, 

making the treatment more effective in combination with the CTLA-4 inhibitor. We look forward to extending these 

observations to a greater number of patients to prove this hypothesis. 
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ABSTRACT 

Cervical cancer is one of the leading cause of cancer mortalities. The detection of  any abnormality like chronic cervicitis 

(CC), low grade intraepithelial lesion (LGSIL) and high grade intraepithelial lesion (HGSIL) may prevent further 

progression diseases. Optical techniques are explored for the early detection and diagnosis for diseases  in which  laser 

induced fluorescence (LIF)  is one of the simple methods for the detection of various types of cancers.  This technique is 

capable of discriminating normal and abnormal tissue sample without the necessity of exogenous fluorophores. In the 

present work, LIF studies have been performed using cervix tissues obtained from volunteers who have undergone 

hysterectomy. The tissue fluorescence was acquired by exciting the sample with 325 nm He-Cd laser through a fiber 

optic probe.  The fluorescence spectra show two distinct peaks due to collagen and NADH around 390 nm and 440nm 

respectively. The fluorescence intensity of collagen and NADH is different for normal and chronic cervicitis tissue. As 
the disease progresses, the NADH intensity increases and the collagen intensity decreases.  The device has proven to be a 

reliable technique for the early detection, in vivo screening  and surgical demarcation.  
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ABSTRACT 

Investigation of body fluids is of paramount importance since it carries a pool of biological markers, which can reflect 

the health status of humans. Technological advancements in the field of biophotonics offer highly sensitive, objective and 

rapid detection of abnormal health conditions from body fluid analysis. Raman spectroscopy has been widely regarded as 

reliable spectroscopic tool for the characterization of body fluids due to its minimal interference imposed by aqueous 

environment. Raman Investigation of blood cells under physiological condition is restricted due to Brownian motion of 

micron sized cells. In view of this, spectroscopic characterizations of live cells under various stress agents and health 

abnormalities has been performed using a custom built Raman Tweezers, which involves the optical arresting of cells 

with the aid of tightly focused laser beam. Besides Raman Tweezers spectroscopy, High-performance liquid 

chromatography-Laser Induced Fluorescence (HPLC-LIF) technique have been also explored for the protein profiling of 

body fluids such as blood serum, saliva and tears collected from healthy and abnormal subjects. The ultra-sensitive 

HPLC–LIF system developed in our lab have been effective in carrying out screening, early detection, and staging for 

various cancers. Research and development is progressing well for the analysis exhaled breath for the detection of 

volatile organic compound as markers for various diseases including COVID-19 infection. An overview of these research 

activities will be discussed during the workshop. 
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ABSTRACT  

Breast cancer is one of the leading reasons for mortality for women accounting for around 6.9% of breast cancer-related 

deaths worldwide in 2020. If the patient undergoing X-Ray mammography and sonography are suspicious, they are 

recommended for histopathology tests to confirm a breast cancer diagnosis. Histopathology is considered a gold 

standard; however, it requires a skilled clinician and is time-consuming [1].  A multimodal system that can characterize 

the bulk optical, thermal and acoustic properties of the tissue is designed and developed. The measurements were carried 

out on ex-vivo breast biopsy tissues from N = 44 patients, and it was observed that the reduced scattering coefficient (µ’s) 
and acoustic attenuation (α) of the malignant tissue were more than the normal tissues. In contrast, an opposite trend was 

ascertained for the thermal conductivity. Exceptional statistical significance was found when the combined µ’s, thermal 

conductivity (k), and α measurements were considered [2-6]. 

METHOD 

The combined optical, thermal, and acoustic measurements were performed on a set of N = 6 subjects with invasive 

ductal carcinoma and adjacent normal breast biopsy tissues from each subject. The tissues were extracted during the 

breast lumpectomy surgery and stored in 10% formalin-fixed solution, as shown in Fig. 1a. Patients' consent was 

obtained through the institutional ethics committee of Assam Medical College (AM/EC/1333) and the Indian Institute of 

Science (14012020) to perform this study. These tissues were sliced into uniform cylindrical blocks as shown in Fig. 1b 

and measured using the upgrade Hybrid Spectral-IRDx system, which includes the optical, thermal, and acoustic 

measurements as shown in Fig. 1c. 

 

RESULTS & DISCUSSION 

The mean values of µ’s for cancer and normal tissue were 13.32 1/cm and 8.70 1/cm respectively at 850 nm, 11.12 1/cm 

and 5.64 1/cm at 940 nm, and 7.42 1/cm and 6.39 1/cm at 1060 nm as shown in Fig. 2a.  The mean absorption coefficient 

(µa) for normal tissues was more (1.60 1/cm, 2.66 1/cm, and 3.17 1/cm) than the cancerous tissues (1.08 1/cm, 1.12 1/cm, 

and 2.52 1/cm) while operating at 850 nm, 940 nm, and 1060 nm, respectively. The mean α for cancerous tissue was 

reported to be more (20.14 dB/cm) than the normal tissue (8.79 dB/cm), as shown in Fig. 2b. The bulk averaged thermal 

conductivity (k) for cancerous tissue was evaluated to be lower (0.035 W/m/K) compared to normal tissue (0.052 

W/m/K), as shown in Fig. 2c. While the average specific heat capacity (Cp) for normal tissue and cancerous was 3594 

J/Kg/K and 3611 J/Kg/K, respectively, as shown in Fig. 2d. 

The individual statistical analysis was performed by Mann-Whitney U test while the combined statistical analysis with 

Fisher’s combined probability test. The normal and cancerous tissue differentiated based on only µ’s when the LED was 
operated at 850 nm and 940 nm was statistically significant (p = 4.53 e-2, 2.04 e-2) while operating at 1060 nm was 

statistically insignificant (p = 4.71 e-1). While considering only α was found to be statistically significant (p = 5.07 e-3). 

Considering only k was statistically significant (p = 5.07 e-3); however, Cp was statistically insignificant (p = 3.78 e-1). 

While combining the outcomes from µ’s and k, the outcomes are statistically significant (p = 4.15 e-4). When combining 

the outcomes from µ’s and α, the results are also considerably statistically significant (p = 4.15 e-4). The statistical 

significance improves when the thermal and acoustic results are combined (p = 2.97 e-4). However, the most statistical 

  
Figure 1: Schematic of the clinical workflow of breast cancer diagnosis: (a) The excised breast tissue, b) Preparation of 

uniform samples with 2 mm thickness and 5 mm diameter are prepared using the punch biopsy, (c) Opto-Thermo-Acoustic (OTA) 

Hybrid Spectral-IRDx system  
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significance is observed when the µ’s, k, and α are combined (p = 2.60e-5). The complete statistical analysis is tabulated 

in Table 1. 

 

It can be observed from the results that the statistical significance to demarcate the cancerous tissue from normal tissues 

can be notably improved by involving optical measurements with thermal and acoustic modalities. These bulk tissue 

properties can be used as biomarkers to physiologically characterize the cancerous and normal tissues, aiding the 

pathologist in making an assertive diagnosis. 

 

 

 

 

 

 

Figure 2: Combined optical, acoustic, and thermal results: (a) Reduced scattering coefficient (μ`s) measured 
at 850 nm, 940 nm, and 1060 nm, (b) Acoustic attenuation, (c) Averaged thermal conductivity (k), and (d) 

Averaged specific heat capacity (Cp) for N = 6 subjects. 

Table 1: Individual and combined statistical analysis of optical, thermal, and acoustic modalities  

Modality Parameters C & N 

Optical  

µ’s (850 nm) 4.53 e-2 (*) 

µ’s (940 nm) 2.04 e-2 (*) 

µ’s (1060 nm) 4.71 e-1 (ns) 

Acoustic α 5.07 e-3 (**) 

Thermal 
k 5.07 e-3 (**) 

Cp 3.78 e-1 (ns) 

Combined Optical-Thermal µ’s (850 nm and 940 nm), and k 4.15 e-4 (***) 

Combined Optical-Acoustics µ’s (850 nm and 940 nm), and α 4.15 e-4 (***) 

Combined Thermal-

Acoustics 

k and α 2.97 e-4 (***) 

Combined Opto-Thermal-

Acoustic 

µ’s (850 nm and 940 nm), k, and α 2.60 e-5 (****) 

   C = Cancerous tissue, N = normal tissues 
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CONCLUSION 

The combined measurements were statistically significant to differentiate the cancerous tissues from the normal tissues. 

The upgraded Hybrid-Spectral-IRDx system can be used inside the operating room for rapid breast cancer diagnosis. 

Once the system’s performance is measured using a large cohort of breast cancer patients, the opto-thermo-acoustic 

modalities can aid and support the histopathology test for an improved cancer diagnosis. 
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In the presented work, the experimental investigation of coronavirus inactivation was carried out, stand based on 

laser diodes for further applications as an antiviral device was tested. In experiments laser diodes from the UVA spectral 

range (385 and 395 nm) were used.  

Recently, research on the effects of UV radiation has intensified and focused on SARS-Cov-2 (COVID-19) and 

its equivalent pathogens. One of the areas of research is the development of safe for humans means for treating contact 

surfaces in order to reduce the number or complete inactivate of pathogenic microorganisms in the environment and on 

surfaces. UV irradiation is an environmentally friendly method of destruction bacteria, viruses and fungi without the use 

of harmful chemicals or heat. 

Over the past decade, groups of scientists from different countries have demonstrated a number of pathogenic 
agent’s inactivation effectiveness under the influence of ultraviolet and visible radiation in various wavelength ranges - 

from 220 to 480 nm [1,2]. The SARS-CoV-2 virus is very contagious, it already has numerous mutations, and its 

transmission occurs by airborne droplets through water and surface [3]. 

In presented work, for the experiments commercially available LEDs with different wavelengths in the UVA 

ranges of 385 and 395 nm and a divergence of 70 degrees were used. Experimental studies of the ultraviolet radiation 

UVA effect on the infectious properties of β-coronavirus have been carried out. Bovine coronavirus has been selected for 

research as a prototype of the pathogen agent COVID-19 (SARS-CoV-2) [4]. 

The initial viral titer before irradiation was 105 TCID50/ml. The LED aperture was located at a distance of 4 cm 

from the surface of the virus-containing fluid. The irradiation dose was determined as the product of the measured power 

density on the surface of the virus-containing fluid in the cell tablet and the exposure time. The difference in virus titers 

in the control (without irradiation) and irradiated groups, expressed in logarithms - Δ log TCID50 ml, was presented as a 
criterion for the antiviral efficiency of UV radiation. In virological studies, it is considered a satisfactory antiviral effect 

of the drug at Δlg TCID50/ml ≥ 2.0. 

UV irradiation at 385 nm and 395 nm is an effective antiviral means. It was found that the threshold value of the 

radiation dose, which provides a decrease in the titer of the virus by 2 orders of magnitude, depends on the irradiation 

scheme, and depends on the divergence of the LED. In the presented experiments, the maximum values for reducing the 

virus titer were achieved for the UVA 385 nm LED - by 4 orders of magnitude at a dose of 157 J/cm2 [5]. 

The reported study was funded by RFBR according to the research project № 20-04-60292. 
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ABSTRACT 

UV-C radiation has been used extensively in disinfection chambers to neutralize a variety of microorganisms. The UV-C 

radiation is used to steralize air, water, food and a variety of tools in medical as well as food industry.  The 
microorganisms like Clostridium spores and Klebsiella pneumoniae commonly found on frequently touched surfaces in 

healthcare settings that were not killed by the standard disinfecting procedure are removed by 254 nm UV-C wavelength 

[1]. Paramount in the above applications is that the UV-C radiation must efficiently reach every nook and cranny of the 

chamber evenly, which is extremely challenging to ensure in most disinfection chamber designs [2,3]. In actual practice, 

this is not guaranteed and the radiation dosage available may be differ widely at different spatial locations within the 

chamber, even leading to dark regions wherein radiation levels could be negligible.  The light intensity distribution 

depends on the light source's placement, the chamber's design that supports reflections from the walls and the nature and 

location of the object placement. The presence of “dark spots” severely compromises complete sterilization.  In order to 

address this issue, we propose a stadium design chamber with specific shape parameters that results in chaotic dynamics 

of the radiation leading to uniform UV-C radiation distribution. We demonstrate the use of chaotic Buminovich stadium 

design to ensure space-fillig characteristics of the underlysing chaotic UV-C field distribution. This leads to a complete 

elimination of the “dark spots” within the chamber. We show other advantages of such a UV-C which ensures a more 
evenly distributed UV-C light intensity distribution in the proposed stadium chamber in comparison to the commonly 

used cuboidal box. This chaotic field distribution mechanism has been adapted in the photovoltaic cells to maximize the 

trapped sun rays' trajectories for enhanced absorption  within the active medium [4]. This effect has also been used in a 

microcavity laser wherein cavity modes’ interaction with the lasing medium caused due to deformation of the two-

dimensional cavity shape that led to chaotic dynamics simultaneously resulted in a single-mode lasing [5]. It should be 

noted that the parameters chosen for the Bunimovich stadium lie well within the completely chaotic regime as presented 

by Lopac et al., i.e. there is a complete absence of islands of stability that involve regular periodic orbits [6]. The 

presence of such islands of stability would imply that light cannot escape these regions and in other words, the light from 

the surrounding region gets delimited from these regions leading to the formation of “dark spots”. Hence, one needs to 

choose the parameters of the Bunimovich stadium that correspond to the completely chaotic regine. The other important 

aspect is that of dimensionality, the Bunimovich stadium is a two-dimensional system, yet we simply extend the third 
dimension and arrange the UV -C source lamp parallel to this third dimension that provides the depth to the enclosure for 

undertaking radiation disinfection and individual planes themselves would support the chaotic dynamics.  

The 2-D Bunimovich stadium is characterized by two shape parameters in the x-y plane of the central rectangle where 2δ 

is its horizontal width and 2γ is its vertical height, the radius of the curved region is 1- δ. We provided an extra depth to 

the chamber along the z-direction, the experiments involved a sealed stadium shaped chamber made of metallic 

aluminium sheets with a rectangular front door opening as shown in Figure 1. The UV-C light sources are the Philips 

TUV PL-S lamp placed along the four edges of the chamber parallel to the depth. A Lutron UVC- 254 UV light meter 

probe placed inside the chamber measures the intensity, whereas the controller unit is placed outside which displays the 

readings in mW/cm2. 

TL TR

BL BR

2δ 

2γ 

1-δ X
-a

x
is

Y-axis

   
Figure 1. Design of the UV chamber. TL: Top Left; TR: Top Right; BL: Bottom Left; BR: Bottom Right is the location of 

the UV-C light source placed parallel to the z- axis. 

 

The UV-C probe is kept at the center of the rectangular stage (about 6 inches from the chamber floor) inside the 

UV chamber facing upwards in the x-direction and tilted at various angles using a goniometer. The range of the angles 

was [-70,+70] degrees about both the z- and y- direction. The measurements are made in two different scenarios, namely 
when the chamber is empty with only the UV-C probe placed on the stage, and the second when a stack of papers cover 

about two-third of the stage with the probe in both sections. The second measurement protocol is to test out the effect of 
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shadow regions that invariably results from keeping multiple object within the chamber. Its computational simulations 

was performed in COMSOL 5.6 Ray Optics Module. 

Figure 2 demonstrates that the stadium design significantly aids in uniform distribution of the radiation due to the chaotic 

scattering of the light trajectories. Note that the geometery leads to an exponential separation (related to the Lyapunov 

exponent that characterizes Chaos) of the light rays after multiple reflections that were nearly identical to being with. The 

space filling nature of the light field also arises due to the same underlying chaotic dynamics. This central advantage is 

lost in the conventional cuboidal or circular geometry chambers. Our experimental results are validated by quantifying 

the the standard deviation of the UV-C intensity  in stadium (std.stadium) and cuboidal chambers (std.cuboidal) which reveals 

a more uniform light intensity distribution in the proposed stadium chamber in comparison to more the commonly used 

cuboidal counterpart, shown in the yellow panel in Fig. 2. 
 

Incorporation of a simple design variation offers tremendous benefits by invoking chaotic dynamics and we believe this 

strategy is quite powerful and can easily be adapted in multifarious applications requiring unform radiation distribution.  
 

   
Figure 2. Experimental results showing comparison of the light intensity distribution to the angle at which the probe is tilted (left) 
contains only probe in z- direction in cuboidal and stadium chambers when the top lamps are switched on [std.stadium = 0.174; 
std.cuboidal = 0.265]  and when the bottom lamps are on [std.stadium = 0.006; std.cuboidal = 0.022] (right) contains both the stack of papers 
and the UV-C probe when all the four lamps are switched on in y-axis [std.stadium = 0.283; std.cuboidal = 0.460] and z-axis [std.stadium = 
0.198; std.cuboidal = 0.307] 
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ABSTRACT  

Gap-enhanced Raman tags (GERTs) are new emerging probes of the surface-enhanced Raman scattering (SERS) 

spectroscopy that have found promising analytical and bioimaging applications. Because of the internal localization of 

Raman reporter molecules, they are protected from unwanted external environments and particle aggregation and 

demonstrate superior SERS responses due to strongly enhanced electromagnetic fields in the gaps between metal core-

shell structures. We discuss recent progress in the synthesis, design of optical properties, and biomedical applications of 

novel spherically symmetrical and anisotropic GERTs. Particular attention is paid to the use of nanoparticles as labels for 

immunoassays and for Raman bioimaging of cancer cells and tissues. 

 

Plasmonic enhancement of local electromagnetic (EM) fields by metal nanostructures is the key physical process 

behind the surface-enhanced Raman spectroscopy (SERS). Raman spectra provide unique information about molecular 
vibration modes, thus ensuring analytical means for the detection of molecules and their local environment in condensed 

phases.  

There are several ways to enhance the local EM fields through the EM coupling of excited modes, including the 

formation of a small nanogap between plasmonic particles or between particles and tips or flat metal surfaces. Although 

such nanostructures can be fabricated through modern controllable technologies with predicted geometrical parameters, 

the SERS response may suffer from possible unwanted interference effects of surrounding media. From this point of 

view, the nanostructures with Raman molecules (RMs) embedded into internal nanogaps seem very promising for 

biomedical applications. SERS core/shell tags with inner nanogaps (also called gap-enhanced Raman tags – GERTs [1]) 
have attracted considerable attention because of several advantage features: (1) RMs are protected from desorption and 

environmental conditions; (2) they are subjected to a uniform and strongly enhanced EM field in the gap; (3) GERT 

probes can be multiplexed by incorporating different RMs into two-layered or multilayered GERTs. 

Our talk include our recent data on the synthesis and plasmonic properties of GERTs, and biomedical and theranostic 

topics such as analytical sensing, in vivo and in vitro bioimaging, and intra-operation diagnostic of cancer tumor margins. 

The widely used Raman reporters for GERTs are thiolated aromatic molecules that possess a number of promising 

modalities. Because of the high chemical affinity of the thiol group to the metal surface, thiolated molecules can easily be 

conjugated to a wide range of NPs by simple mixing. Synthesis of such GERTs starts with the synthesis of CTAC 
stabilized spherical Au particles as cores, followed by conjugation with a monolayer of 1,4-BDT (Fig. 1B) and growth of 

Au shell on the cores by mixing Au salt (HAuCl4) with a capping agent (CTAC) and ascorbic acid as a mild reducing 

agent. The HRTEM images of resulted particles reveal a sub-nm gap between core and shell indicating the successful 

trapping of the Raman reporters between the core and shell. Note that 1,4-BDT embedded GERTs demonstrated the 

SERS response one order of magnitude higher compared other particles with surface adsorbed 1,4-BDT molecules. We 

have also demonstrated that not only 1,4-BDT, but also other thiolated aromatic molecules, such as 4-aminothiophenol 

(4-ATP) and 4-methylthiophenol (4-MTP), can be used to synthesize core/shell particles with embedded Raman reporters 

and distinct gaps [2, 3].  

 
Figure 1 Schematic structures and the corresponding representative TEM images of P-GERTs (a, b) and S-GERTs (c, d); Red and 

yellow arrows indicate the internal and external nanogaps, respectively. The panels (f) and (g) represent sample photos and extinction 
spectra, FDTD simulations and SERS spectra. The bottom panel (h) illustrates the synthetic scheme of P-GERTs. 
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GERTs with spherical symmetry and smooth outer shell demonstrate typically high but not extraordinary EFs. To 

increase the SERS performance of gap-enhanced tags, several attempts have been made to modify the outer shell 

morphology in a star-like [4] or irregular roughness manners [5]. Still, there is an urgent need in strong increasing the 

GERT efficiency down to single-particle level. Recently, we fabricated a new version of GERTs with spherical core, 

hollow gap, and a branched petal-like shell structures (for brevity, such particles were called P-GERTs; Fig. 3) [6]. 

Because of the generation of strong EM hot spots in both the internal gap and petal-like structures, the fundamental EF 

was as high as 5 × 109, thus enabling single-particle detection. Remarkably, the synthetic protocols of both conventional 
GERTs (S-GERTs) and P-GERTs are very similar and differ mainly in using 1,4-BDT and 4-NBT as spacers.  

The quantitative determination of bioactive molecules, including proteins, nucleic acids, aptamers and small 

molecules, are the common goals in biodetection assays. In the SERS tag based biodetection procedures, a sandwich 

assay is widely adopted as the analyte is “sandwiched” between two targeting sites: typically, the targeting site (such as 

antibodies or complementary nucleic acids) are first immobilized onto the substrates; the target biomarkers are then 

captured by them; afterward, the biofunctionalized GERTs are attached through the recognition of biomarkers onto the 

substrate, contributing a distinct signal for quantitative analysis. GERTs are advantageous as optical labels in the 
biodetection assay owing to their super-high sensitivity (down to a single-NP level) and specificity, leading to an 

improved limit of detection (LOD) compared to common SERS tags.  

 
Figure 2 The GERT-based LFIA for cTnI, the average SERS spectra in the test zones and the standard curve of different cTnI 

concentrations 

More importantly, the embedded Raman reporters can be considered as the internal standard for the calibration of 

Raman signal fluctuations induced by different measurement conditions and local states of the NPs, such as aggregation. 

This can greatly overcome the reproducibility issue in common quantitative SERS-based biodetection [7]. Recently, we 

have reported the successful application of GERTs-based lateral flow immunoassay (LFIA), either using anisotropic rod-

like GERTs (Fig. 2) [8] or using bimetallic double-shell structured GERTs [Error! Bookmark not defined.]. The 

sensitivity of the former has highly surpassed that of colorimetric LFIA, with a LOD for cardiac troponin I (cTnI) to be 
0.1 ng/mL, close to the diagnostic criteria for blood serum in the case of heart infarction. The latter has reached a LOD of 

0.025 mIU human chorionic gonadotropin (HCG), which is three orders of magnitude better than the commercial strips.  

Despite major advances in targeted drug and radiation therapies, surgery is still the most preferred and effective 

treatment for localized tumors. Precision cancer surgery guided by intraoperative optical imaging is of broad interest in 

engineering and medicine.  

 
Figure 3 The SERS-guided detection and chemo-photothermal therapy of abdominal disseminated microtumors in mice using GERTs 

loaded with cisplatin. 

Over the past decade, many efforts have been made to optimize the performances of SERS-guided surgery from three 
strategies: developing superior SERS tags, achieving higher specificity in delivery, improving the speed by optimizing 

Raman system and imaging methodologies. When it comes to a more complete tumor resection of the primary tumor, 

draining lymph nodes and metastatic sites, a superior SERS is required to be of high brightness, good targeting capability 

and specificity [9]. From this point, GERTs can be the promising probes. We have reported on GERT-guided surgery and 
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cancer therapy. The 1,4-BDT embedded GERTs developed by us appeared to have a detection limit in liquid of 20 fM 

with the laser energy of 105 W/cm2 and an integration time of 1.86 s [10].  

The high brightness makes it possible for the real-time intraoperative sensitive detection and treatment of the residual 

prostate tumors [10] as well as the diagnostics of disseminated ovarian cancers (Fig. 3). These tags can specifically 

identify and eliminate the tumor margin and micro satellite metastases, making it possible to have a complete tumor 

resection. Furthermore, by loading the chemotherapy drug cisplatin within the mesoporous silica layer of GERTs, the 

Raman-guided chemo-photothermal synergistic therapy can be achieved to kill tumor cells in a precise way (Fig. 3). 
These investigations unveil the attractiveness of GERTs as a robust platform for the intraoperative diagnosis and 

eradication of microtumors, which would push Raman technologies forward to deep theranostic and related biomedical 

applications. 
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ABSTRACT  

The COVID-19 pandemics remains one of the largest worldwide challenges. Necessity of effective systemic aids for the 

minimization of losses leads to the requirement of adequate models allowing to predict the impact of different factors on 

the spread of disease. Traditionally employed simulation approaches are based on derivatives of a SIR model, which 

major drawback is not accounting for random factors. Agent-based simulation models provide a suitable solution with the 

possibility to accurately account for such factors as age structure of population, features of isolation and self-isolation 

strategies and testing strategies, presence of super-spreaders etc. In this paper we report on the results of modelling the 
first and the second waves of COVID-19 spreading in regions of Russian Federation. The simulations approach employs 

an agent-based model with a general pool with the inclusion of a model of the population testing strategy. The model 

accounts for key epidemiologic characteristics, such as population age distribution, spreading rate, isolation factors etc. It 

is demonstrated that the daily case curves for different regions are reproduced well with the same spreading rate 

parameter, while the initial number of infected agents, testing and isolation strategies, which serve as other tuning 

parameters of the model, are region-dependent. 

 

INTRODUCTION  

Prediction of further development of disease outbreaks for the purpose of timely introduction of preventive measures 

require reliable tools for pandemic spread simulations. Several classes of models are traditionally employed for the 

prognosis of the spread of infections.  

Regression models allow to obtain rapid estimations of the diseases spread [1,2]. They include non-adaptive models, 

which ignore local perturbations of epidemical characteristics and are not suitable for short-term prognosis, and adaptive 

models, which are predominantly applied for short-term prognosis only. Short-term prognosis can be made with the 

application of autoregressive moving average models [3], while autoregressive integrated moving average model allows 

both for short-term and long-term prognosis [4]. Dynamic Bayesian networks [5], neural networks and other machine 

learning based methods are applicable for short-term prognosis only. Feedforward neural networks and backpropagation 

algorithm provide with prognosis of infections spread [6].  

Long-term prognosis is traditionally made with the application of dynamic systems based on differential equations, 

which are the class of compartmental models. SIR model, firstly introduced by Kermack and McKendrick [7], is based 

on the division of the population into three groups — susceptible (S), infected (I), recovered (R) — and the description of 

their interaction with non-linear differential equations. Further development of compartmental models includes the 

accounting for bigger number of groups, such as exposed (E), hospitalized (H), critical (C), dead (D), and those at the 
quarantine (Q) or isolation (J). SEIR model has been applied for simulation of COVID-19 spread [8-11] and the 

estimation of the efficacy of governmental measures during early COVID-19 spread [12]. The major drawback of 

compartmental models is the fact that they do not account for random factors and individual characteristics of population 

members. 

For both short-term and long-term prognosis, it is reasonable to employ individually-oriented models, which include so-

called agent-based models. Agent-based model consists of the description of every member of population (agent) by a set 

of characteristics with the determination of rules of interactions between the agents. Agent-based models showed their 

efficiency in the description of the propagation of infections, such as Ebola [13] and flu [14], in the population of 

different sizes. They were also applied for the modeling of COVID-19 development and regress in different cities such as 

Helsinki [15], New York [16], Singapore [17]. Some agent-based models are based on previously developed models for 

the prediction of flu pandemics, for example, NotreDame-FRED model [18], model of Ferguson’s research group from 
Imperial College London [19] and model for simulation of the COVID-19 pandemic in Australia [20]. A number of 

studies utilized agent-based models for assessing the impacts of universal face mask wearing [21], digital contact tracing 

[22-24] and social distancing [24-26] as well as analyzing various intervention scenarios [16,19,24,27-31]. Some agent-
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based models are developed for modeling COVID-19 transmission in small communities such as a university [32], a 

supermarket [33] and a small town [34].  

The aim of this paper is the development of an agent-based model capable of simulating and predicting the progress of 

the COVID-19 outbreak 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 SPREADING MODEL 

A general pool model, in which all the individuals (agents) may interact with each other, was employed for the fit of 

official statistics of COVID-19 spread. Every agent is described with a number of binary states, which values are 
scenario-dependent and governed by the Monte Carlo simulations: susceptible, infected, contagious, with disease 

manifestations, critical, recovered. The simulations feature day-scale time resolution. 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. Any agent with status “critical” may die on any day of critical period with given death probability pd. 

The average number of individuals R, to which an infected agent may transmit the infection within one week in the case 

of no restriction measures applied, is considered as the main model parameter (spreading rate) directly related to infection 

transmission coefficient. Given that the probabilities to be infected from different agents are independent, the 

contamination probability 𝑃 for a given agent interacting with the general pool in a particular day is calculated as 𝑃 =
𝑅𝑁𝑖

7𝑁𝑡
, where Ni is the number of infected individuals 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 for simulations in accordance with the population of the 

simulated region. 

The developed simulation model accounts for the efficiency of the following restrictive measures with the employment 
of a so-called self-isolation index, firstly introduced by Yandex (Russia) during the first wave of COVID-19 outbreak, 

which represents a cumulative parameter reflecting population activity based on both traffic information and activities in 

different internet services. The self-isolation index varies in the range between 0 and 5, and it is assumed during the 

simulations that its value is proportional to the percentage of agents that obey the restrictive rules and do not interact with 

the general pool in the current day. 

The introduced rules of testing are an important part of the model, since the real data for the comparison to the results of 

numerical simulation are daily statistics on number of newly revealed cases and deaths. 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 for the entire 

Russian Federation in proportion to the region population. The tunable parameter is a number of tested agents, which 

were in contact with an agent with positive COVID-19 test. 

 

                                      (a)                                                                         (b) 

Fig. 1. Comparison of simulated scenarios and real statistical data for daily numbers of newly revealed COVID-19 (a) and lethal 
COVID-19 associated (b) cases in Moscow within the period of 23 March 2020 – 07 April 2021. 
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RESULTS 

Figure 1 demonstrates the results of simulations of the epidemic progress in Moscow (Nt = 11.4 ⋅106) derived from 

modelling. The spreading rate value were extracted from the simulations of the first wave performed in our previous 

study [35]. 

To provide a best-fit scenario, we manipulated with other parameters of the model, namely, the number of initial infected 

agents, percentage of deaths among agents in the critical state pd, and testing strategies. Each scenario was constructed by 

averaging five scenarios that are the closest to the real statistical data over a total of 10 realizations with the same 

parameters. In Fig. 1a solid green lines demonstrate calculated dynamics of daily detected cases and red solid lines 

demonstrate dynamics of total COVID-19 cases, while black dots indicate official statistics data, which were fitted with 
data for detected cases in simulations. The results indicate a larger percentage if hidden cases in the case of the second 

wave in comparison with the first one. The deaths statistics demonstrate hidden cases resulting in exceeding the number 

of daily cases in official statistics by the simulations results. This could be explained by COVID-induces deaths cases 

which were attributed to other causes in official statistics. The simulations were also performed for Nizhny Novgorod 

region and Novosibirsk region demonstrating similar dynamics. They demonstrate the prediction abilities of the model 

for regions with relatively small number of confirmed COVID-19 daily cases and single deaths. 

CONCLUSION 

In this paper we presented an agent-based model of COVID-19 epidemic spread with the employment 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 during 

1st and 2nd waves of COVID-19 pandemics from two representative regions of Russia, the Moscow city and Nizhny 
Novgorod region. The results of simulations show the possibilities of developed model for the prediction of disease 

spread with the application of restrictive measurements and different testing strategies.  
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ABSTRACT 

Conventionally, diseases are diagnosed by clinical examination followed by relevant 

biochemical/microbiological/pathological examinations. Such approaches, rely on symptoms, are considered to diagnose 

an existing disease, and could be a late diagnosis which often leads to poor prognosis. Therefore early stage diagnosis can 

provide better prognosis. Since morphological changes could be rather late signs, diagnostics should be sensitive to 

biochemical changes, thus can pave early diagnosis. This is particularly applicable to diseases like cancers which are 

multi-step process and usually pass through multiple stages, i.e., hyperplasia/metaplasia, dysplasia, carcinoma in situ, and 
eventually to invasive cancers. During this process several biomolecules (tumour markers/biomarkers) are expressed 

which can be exploited to diagnose the pathological conditions. Though tumour markers are also been employed for 

diagnosis, it is been limited by paucity of reliable markers, hence proteomics/genomics based methods are also explored 

to get holistic information. Such global biochemical information also can be obtained using Raman spectroscopy, an 

analytical chemistry tool. Raman spectroscopy, named after its discoverer Sir C.V. Raman is a better tool as it provides 

‘molecular fingerprint’ of a sample and less interference due to water spectrum. Raman scattered photon is generated 

when incident photon cause change in the vibrational state of a molecule. Since this frequency shift is unique to specific 

molecular vibration of the molecule, either by direct comparison of the spectra of known and unknown materials 

recorded consecutively or by comparison of the spectrum of the unknown compound with catalogues of reference 

spectra, identification of ‘chemical moieties’ provides ‘molecular fingerprint’ of the sample.  Hence Raman spectroscopy 

is been pursued as potential alternatives/adjuncts due to attributes, in addition to sensitivity to biochemical composition, 
such as- less time consuming, no external labelling or sample processing, more objective, and most importantly feasible 

in vivo/in situ on line diagnosis. Objective disease diagnosis by Raman spectral molecular signatures of tissue or body 

fluids is achieved using multivariate analysis. The aim of multivariate analysis is to train models that distinguish 

seemingly similar patterns in pathological conditions. Multivariate analysis can be unsupervised where no prior 

information is given and the method tries to establish relationships or trends in classification de novo. In the absence of 

preliminary information, non-supervised methods provide a first-hand estimate about the nature of data. Supervised 

learning methods are used to predict the association of new variables to one of the pre-existing groups. 

 

Cancer is one of the leading causes of death and high mortality rate, mainly due to late detection and recurrences, 

ascribed to limitations of conventional diagnostic methodologies, which involve invasive procedures and are prone to 

subjective errors. Screening and early detection are thus main stay for the overall management of cancer and to improve 
prognosis. The routine cancer diagnosis involves a clinical examination followed by biopsy. The biopsied sample is 

subjected to histopathology, the gold standard. This procedure is shown to be prone to subjective errors, time consuming 

and depends on visible morphological alterations which are late signs of an existing disease. In this context extensive 

studies have been carried out on applications of Raman spectroscopy in cancer theranostics, i.e., diagnostic/screening and 

therapeutic monitoring. The present paper would provide an update of our explorations in theranostic applications. The 

non-invasive (in vivo - on subjects) approaches included screening/diagnosis, recurrence prediction, and disease-free 

survival, in oral and cervical cancers. 

 

Before undertaking in vivo studies, it is prerequisite to demonstrate efficacy in ex vivo biopsied specimen. Hence studies 

were carried out on several cancers such as, oral, uterine, cervix, breast, stomach, colon and ovarian cancers [1-16]. The 

ex vivo studies could distinctly stratify the inflammatory, premalignant, and malignant oral tissues [1], normal and 

malignant oral and cervix tissues [2,3,6], and normal, malignant and 2-fractions after radiotherapy formalin-fixed cervix 
tissues [5]. Multiparametric approach unambiguously classified normal and malignant cervix tissue with 99.5% 

sensitivity and specificity [7]. Studies further demonstrated the feasibility of stratifying radiotherapy responders, partial 

responders and non-responders [8,9]. Rubina et al [10] showed utility of fibre-optic Raman probe for early prediction of 

CCRT response in locally advanced cervical cancers. The study also showed distinct stratification of normal tissue from 

pre- and post-treatment biopsies. Kumar et al. [11] analysed 69 breast tissue samples, of which 61 were unambiguously 

diagnosed as 29 normal, 15 benign, and 17 malignant while the remaining 8 samples were diagnosed as pathological. 

Chowdary et al. [13] has shown classification of normal, benign and malignant breast tissues and reported excess of 

lipids in malignant tissues and excess of proteins in benign tissues. Studies were subsequently extended to stomach, colon 

and ovarian cancers, and showed distinct classification between normal and malignant stomach mucosal tissues with 93% 

and 84% sensitivity and specificity [14], normal and malignant colon tissues with 95% sensitivity and specificity [15] 

and normal and malignant ovarian tissues with 95% sensitivity and specificity [16]. 
 On obtaining robust demonstration of classification of ex vivo tissues in single as well as multiple cancer scenario [17], 

extensive non-invasive in vivo studies on oral and cervical cancer subjects have been taken up, as to be described in 

succeeding sections. 
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Oral cancers: Cancers of the oral cavity predominantly occur with a higher frequency in South Central Asian countries 

and Melanesia. According to Globocan 2020, oral cancer has the highest mortality rate among Indian men [18]. Early 

diagnosis / detection of the precancerous lesions of oral cancer would aid in improving patient prognosis. In this context, 

Singh et al. [19-21] showed stratification of premalignant, malignant and healthy controls with and without tobacco 

habits, in clinically implementable spectral acquisition time ( 5 sec) The same group later showed correlation between 

spectral and biochemical markers i.e.,  higher intensity of lipids in normal and proteins in tumor tissues by carrying out 

Raman and biochemical evaluations[22]. Singh et al. [23] conducted a clinical trial on 84 oral cancer subjects including, 

healthy, habitué, tobacco habitué with pre-cancerous lesions, contralateral, and subjects with cancerous lesions. The 

study stratified the healthy, habitué, premalignant and malignant conditions and also reported MAC / CFE in 

contralateral normal mucosa. Identification of these early events in oral carcinogenesis demonstrated the feasibility of 
Raman spectroscopy in detection of recurrence and thereby improving disease free survival [24-26]. The findings are also 

suggestive of the potential of Raman spectroscopy as an early detection tool.  

 

 
Figure 1 Fiberoptic in vivo clinical Raman spectroscope for oral cancer applications 

 

Cervical cancers: Cervical cancer is the fourth most commonly diagnosed cancer with high mortality rate in 36 

countries. An in vivo Raman Spectroscopy clinical trial conducted on 93 subjects of cervical cancers showed 97% 

classification efficiency in stratification of normal and tumour tissues [27]. Due to the biochemical similarity between 

vagina and ecto-cervix, the study explored the feasibility of vagina as an internal control. Similar spectral features were 

observed in normal cervix and vaginal controls of healthy and tumour subjects [27]. Furthermore, a comparative study of 

Diffuse Reflectance Spectroscopy (DRS) and Raman Spectroscopy for detection of cervical cancer [28]. 20 cervical 
tumours and 6 normal cervix subjects were recruited in the study and the spectra were recorded from 67 tumour, 22 

normal cervix and 57 normal vagina sites.  The sensitivity and specificity of Raman spectroscopy was slightly higher 

than that of DRS [28].  

 

 
Figure 2: Fiberoptic in vivo clinical Raman spectroscope for cervical cancers  
 

Raman Spectroscopy has shown to detect and discriminate tumor stages across different cancers, such as brain, breast, 

colon, bladder and gynecological cancer [29]. Molckovsky et al. [30], demonstrated utility of RS in differentiating 

normal, hyperplastic and adenomatous polyps in colorectal cancer with high diagnostic accuracy. Kendall et al. [31] on 

comparing histopathology and Raman classification results for differentiating pathological subtypes in esophageal cancer 

observed 73% - 100% sensitivity and 90% - 100% specificity. Teh et al. [32] explored near-infrared (NIR) Raman 

spectroscopy for detecting malignant changes in gastric cancer and reported specific spectral differences in signals 

related to amide III and amide I proteins, CH3CH2 twisting of proteins/nucleic acids, and C=C stretching mode of 

phospholipids. Further, Bergholt et al. [33] evaluated clinical utility of image guided - Raman endoscopy and showed 

diagnostic sensitivity of 94.6% and specificity of 94.6% while discriminating normal tissue and gastric neoplasia. The 



55 

 

study also reported reduction of collagen content, increased nucleic acid to lipid ratio and increased nucleic 

acid/cytoplasmic ratio in cancer tissues.  

 

To summarize, the non-invasive in vivo clinical applications of Raman Spectroscopy in oral and cervical cancers 

demonstrate the potential of the technique in early diagnosis, identification of MAC/ CFE and prediction of recurrence 

and disease free survival. However, clinical translation of Raman Spectroscopy poses certain challenges, such as, need 

for transportability of data collected across different platforms which is being pursued [34].  
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ABSTRACT 

For many non-sporulating gram-negative and gram-positive bacteria morphologically differentiated dormant form were 

described. Different non-sporulating bacteria studied in this work such as Mycobacterium sp (tuberculosis, smegmatis) 

and Corynebacterium sp (jeikeium) in dormant state acquire resistance to all known antibacterial drugs, they are also able 

to survive in the human body for decades and become active, causing the active form of the disease. The application of 

photodynamic inactivation (PDI) using exogenously added photosensitizers was recently discussed as an alternative 

approach for fighting active multidrug-resistant Mtb in vitro.  In order to cure latent tuberculosis and another disease new 

approaches need to be developed.  The aim of this work is to study the accumulation of porphyrins upon transition of 

active Mtb, Msm and C. jeikeium to the dormant state, as well as to verify the effectiveness of PDI for such dormant 
forms. The dormant cells of all these bacteria were obtained under gradual acidification in stationary phase.  For M. 

tuberculosis and C. jeikeium we did not observe any photodynamic inactivation (PDI) effect on active bacteria in vitro as 

these bacteria do not contain unbound porphyrins in substantial amounts. In the presence of 5-aminolevulinic acid (ALA) 

an increase in the concentration of porphyrins in stationary phase correlated with the development of gradual 

acidification of the culture, the beginning of a decrease in metabolic activity and formation of ovoid dormant forms of the 

bacteria. Dormant cells were exposed to light with the wavelengths of 532 nm or 565 nm, which correspond to the 

absorption of porphyrins in visible spectral range, for 5-60 minutes. Illumination of bacteria by light resulted in 

inactivation of dormant forms according to viable bacteria number decrease estimated by MPN assay. At the same time, 

we observed unpredictable phenomena for active form of Mtb in macrophages. After persistence of active Mtb cells 

within macrophages for several days in the presence of ALA, a significant sensitivity of such cells (ca. 99.99%) to light 

exposure was developed. For the first time we had demonstrated a successful application of PDI for inactivation of 

dormant Mycobacterium tuberculosis, smegmatis and Corynebacterium jeikeium due to accumulating a significant 
amount of endogenous porphyrins. Also, for the first time we have demonstrated the successful application of PDI for 

inactivation of active Mtb located in macrophages due to significant accumulation of endogenous porphyrins.   

This work was supported by Russian Science Foundation grant 19-15-00324. 
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ABSTRACT 

Curcumin is the main natural dye present in turmeric (Curcuma longa) and is traditionally used in Indian cooking [1]. 

Recently, curcuminoids have been shown to have numerous applications in photonic therapies, due to its excellent 

activity as photosensitizer [2-3]. In this presentation, recent and relevant photo-larvicidal results against Aedes aegypti 

larvae will be presented, showing that the combination of curcumin-formulations with sunlight establishes an extremely 
effective alternative for larvae control with high environmental safety and low persistence of this molecule [2-3]. This 

effective protocol has been developed by the CEPOF team and allowed us to work on Dengue fever, Zika and 

Chikungunya problem. The importance of organic synthesis and enabling technologies for the access from multi-gram to 

kilogram scale compounds will be also presented [4]. 
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ABSTRACT   

One of the biggest health problems facing the world today is the inexorable rise of multi-antibiotic resistance amongst a 
wide range of pathogens, including Gram-positive or Gram-negative bacteria and fungi. Antimicrobial photodynamic 

inactivation (aPDI) uses visible/NIR excitation of a photosensitizer to produce the reactive oxygen species (ROS) singlet 

oxygen (Type 2) and hydroxyl radicals (Type1) that are both highly toxic to microbial cells. If the photosensitizer and the 

light are introduced into the infected area the selectivity is excellent [1]. We have discovered that antimicrobial 

photodynamic inactivation (aPDI) can be strongly potentiated by addition of the non-toxic salt potassium iodide [2]. This 

approach works with a wide variety of different photosensitizers including those possessing cationic charges that bind to 

microbial cells, and those neutral or anionic compounds that are completely ineffective in photoinactivating Gram-

negative cells, but can kill > 6 logs in presence of 100 mM KI. The approach is broad spectrum in nature and works with 

methicillin-resistant Staphylococcus aureus (MRSA), a range of Gram-negative bacteria and Candida albicans. The major 

mechanism is likely to involve the addition of singlet oxygen to iodide to form peroxyiodide, which then decomposes via 

two possible routes: (a) formation of the stable species, free iodine and hydrogen peroxide; (b) formation of short-lived 
radicals I2•- + HOO•. When the PS binds to the microbial cells, killing by the short-lived radicals becomes significant, 

while for Gram-negative cells with Photofrin [3] or Rose Bengal [4], killing by I3- and H2O2 are dominant [5]. This can 

be studied by comparing “in” (all ingredients together, “after” cells added after light, and “spin” KI and light added after 

cells were incubated with PS and centrifuged. KI could potentiate RB-PDT in a mouse model of skin abrasions infected 

with bioluminescent P. aeruginosa demonstrating possible in vivo applications [4]. We also studied two porphyrins 

TMPyP4 (tetracationic) and TPPS4 (tetraanionic). Surprisingly TPPS4 was an excellent PS for MRSA and Candida, and 

could eradicate Gram-negative species when KI and light were added after a spin, showing it was bound to the surface 

[6]. Another tetraanionic phthalocyanine (ClAlPCS4) did not show this behavior. We conclude that TPPS4 behaves as if 

it has some cationic character in the presence of bacteria.   

  

One of the applications of KI potentiation of aPDI that may have real clinical relevance, is the treatment of oral 
candidiasis. Patients with immunosuppression are at risk of developing an infection in the mouth caused by the yeast C. 

albicans, which is painful and difficult to treat. We showed that methylene blue (MB) plus KI excited by red light could 

successfully treat oral candidiasisin a mouse model [7]. We went on to carry out a clinical trial conducted on 21 adult 

AIDS patients with C. albicans oral candidiasis who received two treatments using MB + KI excited by red light, and 

showed that C. albicans CFUs were significantly reduced [8]. Additional applications of aPDI using MB + KI and red 

light that showed some success, were endodontic disinfection in root canals in teeth [9], and Gram-negative bacterial 

cystitis (bladder infection) in female rats [10]. 

 

 

Other inorganic salts such as sodium azide, potassium thiocyanate, potassium selenocyanate, potassium bromide and 

sodium nitrite also produce increased killing of a broad range of pathogens by up to one million times [11]. The 

mechanisms of potentiation are different for different salts. At one extreme of the salts is sodium azide, that quenches 
singlet oxygen but can produce azide radicals (presumed to be highly reactive) via electron transfer from photoexcited 

phenothiazinium dyes, in a so-called paradoxical potentiation process [12]. As discussed above KI is oxidized to 

molecular iodine by both Type I and Type II PSs, but may also form reactive iodine species. Potassium bromide is 

oxidized to hypobromite, but only by titanium dioxide photocatalysis (Type I) [13]. Potassium thiocyanate appears to 

require a mixture of Type I and Type II photochemistry to first produce sulfite, that can then form the sulfur trioxide 

radical anion [14]. Potassium selenocyanate can react with either Type I or Type II ROS (or indeed with other oxidizing 

agents) to produce the semi-stable selenocyanogen (SCN)2 that can attack bacteria [15]. Despite the similar chemical 

structures of thiocyanate and selenocyanate anions, the mechanisms of potentiation of aPDI turned out to be suprisingly 

different [16]. Finally, sodium nitrite may react with either Type I or Type II PSs to produce peroxynitrate (again, semi-

stable) that can kill bacteria and produce nitrotyrosine by tyrosine nitration [17]. Many of these salts (except azide) are 

non-toxic, and may be clinically applicable.  
  

REFERENCES   

[1] M. R. Hamblin, “Antimicrobial photodynamic inactivation: a bright new technique to kill resistant microbes,” Curr  

Opin Microbiol, 33, 67-73 (2016).  

[2] D. Vecchio, A. Gupta, L. Huang, G. Landi, P. Avci, A. Rodas, and M. R. Hamblin, “Bacterial photodynamic 

inactivation mediated by methylene blue and red light is enhanced by synergistic effect of potassium iodide,” Antimicrob 

Agents Chemother, 59(9), 5203-12 (2015).  

https://doi.org/10.24412/cl-36896-2021-1-59-60


60 

 

[3] L. Huang, G. Szewczyk, T. Sarna, and M. R. Hamblin, “Potassium Iodide Potentiates Broad-Spectrum Antimicrobial 

Photodynamic Inactivation Using Photofrin,” ACS Infect Dis, 3(4), 320-328 (2017).  

[4] X. Wen, X. Zhang, G. Szewczyk, A. El-Hussein, Y. Y. Huang, T. Sarna, and M. R. Hamblin, “Potassium Iodide 

Potentiates Antimicrobial Photodynamic Inactivation Mediated by Rose Bengal in In Vitro and In Vivo Studies,” 

Antimicrob Agents Chemother, 61(7), (2017).  

[5] M. R. Hamblin, “Potentiation of antimicrobial photodynamic inactivation by inorganic salts,” Expert Rev Anti Infect 

Ther, 15(11), 1059-1069 (2017).  

[6] L. Huang, A. El-Hussein, W. Xuan, and M. R. Hamblin, “Potentiation by potassium iodide reveals that the anionic 

porphyrin TPPS4 is a surprisingly effective photosensitizer for antimicrobial photodynamic inactivation,” J Photochem 

Photobiol B, 178, 277-286 (2018).  
[7] F. Freire, C. Ferraresi, A. O. Jorge, and M. R. Hamblin, “Photodynamic therapy of oral Candida infection in a mouse 

model,” J Photochem Photobiol B, 159, 161-8 (2016).  

[8] M. Du, W. Xuan, X. Zhen, L. He, L. Lan, S. Yang, N. Wu, J. Qin, R. zhao, J. Qin, J. Lan, H. Lu, C. Liang, Y. Li, M. 

R Hamblin, and L. Huang, “Antimicrobial photodynamic therapy for oral Candida infection in adult AIDS patients: a 

pilot clinical trial,” Photodiagnosis and Photodynamic Therapy, 102310 (2021).  

[9] L. Yuan, P. Lyu, Y. Y. Huang, N. Du, W. Qi, M. R. Hamblin, and Y. Wang, “Potassium iodide enhances the 

photobactericidal effect of methylene blue on Enterococcus faecalis as planktonic cells and as biofilm infection in teeth,” 

J Photochem Photobiol B, 203, 111730 (2020).  

[10] Y. Y. Huang, A. Wintner, P. C. Seed, T. Brauns, J. A. Gelfand, and M. R. Hamblin, “Antimicrobial photodynamic 

therapy mediated by methylene blue and potassium iodide to treat urinary tract infection in a female rat model,” Sci Rep, 

8(1), 7257 (2018).  
[11] M. R. Hamblin, and H. Abrahamse, “Inorganic Salts and Antimicrobial Photodynamic Therapy: Mechanistic 

Conundrums?” Molecules, 23(12) (2018).  

[12] L. Huang, T. G. St Denis, Y. Xuan, Y. Y. Huang, M. Tanaka, A. Zadlo, T. Sarna, and M. R. Hamblin, “Paradoxical 

potentiation of methylene blue-mediated antimicrobial photodynamic inactivation by sodium azide: role of ambient 

oxygen and azide radicals,” Free Radic Biol Med, 53(11), 2062-71 (2012).  

[13] X. Wu, Y. Y. Huang, Y. Kushida, B. Bhayana, and M. R. Hamblin, “Broad-spectrum antimicrobial photocatalysis 

mediated by titanium dioxide and UVA is potentiated by addition of bromide ion via formation of  

hypobromite,” Free Radic Biol Med, 95, 74-81 (2016).  

[14] T. G. St Denis, D. Vecchio, A. Zadlo, A. Rineh, M. Sadasivam, P. Avci, L. Huang, A. Kozinska, R. Chandran, T. 

Sarna, and M. R. Hamblin, “Thiocyanate potentiates antimicrobial photodynamic therapy: in situ generation of the sulfur 

trioxide radical anion by singlet oxygen,” Free Radic Biol Med, 65, 800-810 (2013).  
[15] L. Huang, W. Xuan, A. Zadlo, A. Kozinska, T. Sarna, and M. R. Hamblin, “Antimicrobial photodynamic 

inactivation is potentiated by the addition of selenocyanate: Possible involvement of selenocyanogen?” J. Biophotonics, 

11(8), e201800029 (2018).  

[16] L. Huang, W. Xuan, T. Sarna, and M. R. Hamblin, “Comparison of thiocyanate and selenocyanate for potentiation 

of antimicrobial photodynamic therapy,” J. Biophotonics, 12(1), e201800092 (2019).  

[17] Y. Y. Huang, P. J. Rajda, G. Szewczyk, B. Bhayana, L. Y. Chiang, T. Sarna, and M. R. Hamblin, “Sodium nitrite 

potentiates antimicrobial photodynamic inactivation: possible involvement of peroxynitrate,” Photochem Photobiol Sci, 

18(2), 505-515 (2019). 



61 

 

BREATHOMICS USING LASER PHOTO-ACOUSTIC SPECTROSCOPY AND MACHINE LEARNING  

DOI 10.24412/cl-36896-2021-1-61-61 

 

YURY V.KISTENEV, ALEXEY V. BORISOV, VLADIMIR V. PRISHEPA, DENIS A. VRAZHNOV   

 
LMIML laboratory, Tomsk State University, Russia 

 
yv.kistenev@gmail.com 

 

ABSTRACT  

Analysis of volatile molecular biomarkers in the exhaled air, called breathomics, is suitable for operative non-invasive 

medical screening tests.  The report is devoted to applications of laser spectroscopy and machine learning for evaluation 
of volatile molecular biomarkers' profile to detect a specific disease. Breath air analysis can be conducted through the 

pattern-recognition-based and chemical-composition-based approaches. The former approach is typical for supervised 

machine learning algorithms.  

 

A content analysis of gas mixtures can be conducted through an inverse spectroscopy problem solution.  The multivariate 

curve resolution (MCR) methods are widely used for decoding the spectra of complex mixtures, including overlapping 

spectra, and are based on a bilinear model of the complex spectrum in the form of a superposition of contributions of 

individual components [2] -[4] . One of the main problems is to find the optimal set of components and concentrations 

that best approximates the experimental spectrum. For example, MCR needs a knowledge about probable composition of 

a gas sample [4] .  

 
For the chemical-composition-based approach implementation, we use deep neural networks [[1] ] and original 

chemometrics’ methods, including criterium based on reducing a spectrum complexity (RSC) [2]  which corresponds to 

the minimum of the derivative’s difference between the whole spectrum and the subtracted component spectrum, to 

provide exhaled air chemical composition. The example of RSC method application is shown in Fig.1.  Here, we used a 

combination of an exhaled air sample combined with CH4 addition in concentration of 7.1∙10-04 %.  

     
a     b 

 
Figure 1. (a) Absorption spectra of an exhaled air sample (MIX) and CH4; (b) the value of the criterium based on RSC depending on 

the concentration of  CH4 addition.  
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ABSTRACT 

Photoacoustic imaging (PAI) is enabled by a hybrid of optical excitation and acoustic detection which comprises both the 

advantages of high optical contrast and ultrasonic resolution. Some PAI techniques are mostly advantageous for pre-

clinical or clinical non-invasive biomedical imaging. In this talk, we shall highlight the basics and state-of-the-art in PAI 

methods with particular emphasis on the use of exogenous contrast agents. We will describe how we have exploited 

Titanium Nitride (TiN) nanoparticles for PAM (Photoacoustic Microscopy) and PAT (Photoacoustic Tomography) 

prepared by the laser ablation technique [1]. Following a structural and optical characterization, TiN nanoparticles 

ranging from 50-100nm in size were employed. The absorption spectra of the nanoparticles confirmed the presence of a 
broad plasmonic band covering both parts of the visible and near-infrared (NIR) spectrum. Recent characterization of the 

nonlinear optical properties of such nanoparticles has been recently published [2]. For the photoacoustic imaging, a lab-

made setup was developed by employing a Q-switched Nd: YAG laser (fundamental and second harmonic), high-

frequency ultrasonic transducer, customized two-dimensional (2D) scanning stage and real-time data acquisition 

computer program. The PAM system was used to image the TiN nanoparticles with a resolution of ~ 50 µm, underneath 

1 mm chicken breast tissue. For the PAT results, lower resolution (~400 µm) was measured, but the penetration depth of 

2cm was observed. Future applications will be discussed.  
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ABSTRACT 

Despite all the efforts and scientific-technological advances in recent years, deaths from any types of cancer are still 

among the top 3 causes of death in the world. Among the factors for this, we can mention the increase in life expectancy, 

the growth in the world population, and exposure to carcinogens. Nevertheless, lack of medical assistance is also 

aggravating for these deaths.   

 

In BRICS countries with large populations and few resources, it is extremely necessary to develop efficient and low-cost 

treatments to be widely adopted. For example, some types of skin lesions, such as pigmented lesions, nodular lesions, and 

especially melanoma, are a relevant health problem due to the difficulty in treating them in a non-invasive and painless 

way. The standard treatment for these types of injuries is surgical resection, however, it is very invasive and aggressive, 

and the aesthetic result is poor. Therefore, several treatment possibilities are being developed and tested to change this 

clinical reality. One option is Photodynamic Therapy, which has proven to be very efficient for treating superficial non-

melanoma skin lesions. In these cases, PDT is a non-invasive procedure and uses a combination of light, a light-sensitive 

drug - called a photosensitizer (FS), and molecular oxygen (O2), after the interaction of these three ingredients, reactive 

oxygen species are generated resulting in cell death. This technique has been successfully implemented in Brazil and 

worldwide, with efficient, safe, and better aesthetic results in comparison with other used methods.  

 

However, there are still lesions that need alternative methods to the current ones, such as nodular and pigmented lesions 

where the delivery of light in a non-invasive way is a challenge, due to the light-tissue interaction properties, the light 

penetration necessary to initiate the photodynamic effect is limited to a few millimeters. An alternative method to 

overcome these challenges is the sonodynamic therapy (TSD), which consists of using low frequency ultrasound waves 

(US) and now a molecule that is activated by ultrasound - a sonosensitizer (SS). SDT has an application protocol like 

PDT, in which the SS applied to the patient interacts with the US waves leading to cell death. Unlike light, US easily 

crosses biological tissues due to its low attenuation, which allows this therapy to reach deeper tumors. 

 

In this talk, we will present study that aims to evaluate the ability of 5-aminolevulinic acid (5-ALA) mediated SPDT to 

reduce the size of B16-F10 melanoma tumors in mice. B16-F10 tumor cells (1x106 cells) were implanted subcutaneously 

on the right-side flanks of nude mice. When the tumor reached an average volume of ≈100mm3, mice were treated with 1 

daily session of PDT, SDT or SPDT for 5 days.  Mice were intraperitoneally injected with 5-ALA at the dose of 250 

mg/kg weight, after 3h of injection, mice were irradiated with light (red laser, 100 mW/cm2), ultrasound (1MHz, 1.5 

W/cm2, 20,50 %) and both sources. For these procedures, a single probe capable of irradiating light and ultrasound 

individually and simultaneously was developed. Tumor volume was measured at the time of each treatment and daily 

after the treatment for 6 days. Tissue sections will be analyzed through histological processing.  

 

It was observed in SDT group, a decrease in tumor size after the first session as well as in tumor growth rate after 

treatment. Results obtained so far (SDT group) suggest that the combination of SDT and PDT can improve the 

effectiveness of each treatment applied individually. The combination of PDT and SDT could be very useful non-

invasive technique for treatment of melanoma skin cancer. 
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ABSTRACT 
 

The main motivation is to show that an efficient process of bacterial inactivation can be achieved by using silver 

nanoparticles (AgNPs) anchored on graphene oxide (GO) sheets under blue light illumination.  It will be presented 

general motivations on: multi-drug microorganisms; antimicrobial photodynamic therapy (aPDT); nanoparticles in aPDT; 

photodynamic action of AgNPs; and enhanced photodynamic effect of AgNPs loaded on graphene oxide (GO). Finally, it 

will be shown a recent published study, which demonstrates that an enhanced antibacterial action of AgNPs-GO, against 

Staphylococcus aureus, under blue-light illumination can be achieved because of three different bacterial killing 

processes: (i) chemical effect promoted by Ag+ ion release from AgNPs; (ii) photodynamic activity induced by AgNPs-

GO, enhancing the bacterial photoinactivation due to the excited-Plasmons of the AgNPs when anchored on r-GO; and 

(iii) photodynamic effect promoted by bacterial endogenous photosensitizers under blue-light irradiation. 

 
Keywords: Antimicrobial photodynamic therapy; Silver nanoparticle; Graphene oxide; Blue light; Staphylococcus 

aureus.  
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ABSTRACT   

Newborn babies (neonates) begin to secrete tears in the first 24 hours of life and it produces enough aqueous to maintain 

clear vision and humidify the ocular surface. Neonatal tear analysis can provide information about the health condition of 

eyes since it contains specific molecules, proteins and their relative concentrations may alter under abnormal conditions.  

Neonatal tear protein content has not been studied as much as in adults tear sample due to the difficulty of collecting 

samples without causing reflex tearing.  To explore the neonatal tear samples extensively, spectroscopic, proteomic, 

lipidomic, and metabolomics studies are necessary. The present objective of the study is to investigate the unstimulated 

neonatal tear fluid by collecting samples using non-invasive method (Schirmer strip) and analyze the protein patterns of 

term and pre-term babies tear fluids using high performance liquid chromatography with light emitting diode-induced 

fluorescence system (HPLC-LED-IF) developed in our laboratory. The studies have reported concentration of standard 

protein markers (lysozyme, lactoferrin and serum albumin) in neonatal tear fluid are of the order of micromolar 
concentration. The detection limits of these standard proteins obtained for the present system are of the order of 

nanomolar concentrations. The protein profiles of term and preterm tear fluid samples has been analyzed and found 

noticeable differences between each category.  
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ABSTRACT   

 

The myocardial infarction (MI) has major effect on the mortality rate of the society. Diabetes mellites, hypertension, 

inflammation are some of the risk factors of MI. The studies have shown that presence of inflammation, alters activity of 

tetrahydrobiopterin (BH4) cofactor. A positive correlation between inflammatory marker, C-reactive protein (CRP) and 

BH4 is also reported. The direct measurement of BH4 in blood is tedious, thus making it less suitable for clinical 

application. Here in this study, variation in BH4 is indirectly estimated using phenylalanine to tyrosine ratio in MI blood 

samples. Phenylalanine is an essential amino acid, and tyrosine is a non-essential amino acid. Since it can be synthesized 

by hydroxylation of phenylalanine in body through phenylalanine hydroxylase (PAH) enzyme. The activity of PAH 
enzyme is regulated by tetrahydrobiopterin (BH4) cofactor. Thus, the deficiency in BH4 cofactor is reflected in 

phenylalanine to tyrosine ratio.  

 

Raman spectroscopy is promising method, for clinical application.  In the present Raman spectral study of whole blood 

samples, the intensity ratio corresponding to phenylalanine (1000cm-1) and tyrosine (825cm-1) is calculated to predict the 

changes in availability BH4 cofactor. Principal component analysis (PCA) was carried out and has showed good 

clustering among the different categories.  The technique can be utilized to investigate the level of inflammation in MI 

samples by indirectly assessing BH4 availability.  
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ABSTRACT  
Although, cancer is considered as a localized disease in its pre-mature stages, in certain types of cells, it often is 

innate with patient becoming symptomatic and results in metastasis. Cancer cells are showered from the primary tumor 

cells into the circulating blood stream that finally forms metastasis. Thus, it becomes critical to identify and quantify the 

circulating tumor cells (CTC) during the early stages of tumorigenesis.  

Here, we discuss about the design and fabrication of a user-friendly custom-designed nanotag enabled portable 

system for the selective separation and isolation of CTCs from whole blood. The detection should be followed by 

treatment. Gold nanoclusters of ultrasmall size comprising a few atoms are known for its unique feature of excellent 

fluorescent property. Herein, simple one step green synthesis method for the preparation of highly fluorescent silver 

doped gold nanoclusters using custom synthesized tripeptide Asp-Cys-Gly and its potential in generating ROS towards 

cancer treatment, and simultaneous imaging is discussed. Because invasive tissue biopsy data obtained from limited 

amount of collected tissues are often expensive and biased, “liquid biopsy” has gained significant attention as a 
promising diagnostic procedure for the identification and quantification of cancer driven materials present in the blood 

stream. The key targets employed in liquid biopsy include various circulating biomarkers such as circulating tumor cells, 

circulating vesicles, circulating nucleic acids and circulating proteins. Conventionally, these biomarkers are detected 

either by traditional protein or nucleic acid-based assays. Among various circulating biomarkers, CTC show great 

promise in the early detection of cancer and more specifically cancers of metastatic nature, since they are prognostic 

markers which are present in the blood plasma. However, it is extremely challenging to develop a system to count and 

detect the CTC in cancer patients as its presence is as low as 1-10 CTC/mL of blood plasma. Herein with the aid of 

nanotechnology, we present a custom-designed SERS nanotag enabled portable filter-based sensor platform which 

exploits both tumor cell target specificity and size based centrifugal force for the separation and isolation of circulating 

breast cancer cells (SKBR3 cells) from peripheral blood sample. Towards this goal, we designed a simple and easy-to-

handle custom made centrifugal prototype comprising of three independent chambers (figure 1b), all of which are made 
transparent for clear internal visibility, detachability of components for ease of use, reusability and autoclavability. The 

single prototype can serve the purposes starting from collecting blood along with SERS nanotag, centrifugation, size and 

antibody-based cell separation and finally the detachable filter taken out for SERS and microscopic analysis.  

Considering the unique roles that could perform within the single prototype, it is hereafter named as a ‘lab-on-a-

filter’ system. The ‘lab-on-a-filter’ system is equipped with an anti-EpCAM immobilized flexible and transparent track-

etched polycarbonate (PC) membrane filter with pore size 8µM. To rely on the SERS technology to detect breast cancer 

cells in peripheral blood, a highly sensitive and target specific sandwich system of SERS nanotag (Au-rGO@anti-ErbB2) 

is prepared and incubated with the collected blood before using it in the developed system. As we have used SKBR3 cells 

as model CTCs, which has both EpCAM and ErbB2 over expression, we have used two different antibodies, anti-

EpCAM conjugated over the polycarbonate filter sheets and anti-ErbB2 antibody for the SERS tag preparation. This dual 

functionalization increases the specificity of the ‘lab-on-a filter’ system towards the capturing of the cancer cells for an 

efficient isolation and detection. The PC membrane filter is placed in the centrifugal prototype in such a way that, it can 
be detached and mounted for SERS imaging analyses after the selective isolation of CTCs on top of it. Taken together, 

the lab-on-a-filter system will serve as a potential candidate for the identification, isolation and accurate quantification of 

CTC, which may have huge impact in translational clinical research.   

In another study we have utilized gold nanoclusters which has unique features arising from quantum size effect 

for the imaging and cancer therapy.  Gold cluster is a material of interest with ultrasmall size with a few atoms (< 3 nm), 

has excellent fluorescent property, tremendous catalytic activities, two-photon absorptions and long lifetime. Its physico-

chemical and biological properties are extremely favourable for drug delivery and therapeutic applications due to its high 

inertness, low toxicity with good renal clearance and long blood circulation time. The fluorescence of the gold 

nanoclusters can be tuned with different core size and ligand functionalization. Here, we have synthesized a novel cluster 

using simple one step method to get highly fluorescent silver doped gold nanoclusters (DCG-GNC) using custom 

synthesized tripeptide Asp-Cys-Gly (DCG) as reducing cum stabilizing agent. The peptides were designed to contain 
cysteine residue to facilitate interaction with gold ions, thereby to achieve biomineralization of gold clusters. Unlike the 

case of gold nanoparticles which is known for its surface plasmon resonance peak in the visible range, gold nano cluster 

shows no sharp absorption. Moreover, it exhibits strong fluorescence which can be tuned in the desired region (figure 

2a). DCG-GNC displayed strong fluorescent property, large Stokes shift and good photostability, thereby making them 

promising bioimaging agents. The cytocompatibity and cellular uptake of DCG-GNC were investigated in MCF-7 breast 

cancer cells. In addition, the anti-cancer activity of DCG-GNC was also explored with the photoinduced generation of 
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increased intracellular ROS followed by stimulation of mitochondrial apoptotic pathway in cancer cells. Photodynamic 

therapy (PDT) works with the accumulation of photosensitizer (PS) in tumours, which upon light irradiation generate 

singlet oxygen (1O2) and other reactive oxygen species (ROS) to induce cell death. ROS, a specific type of oxygen-

containing reactive molecules plays important roles in different cellular processes, including cell proliferation at basal 

level, but at high concentration, ROS can be cytotoxic and induce apoptosis/necrosis. The photodynamic potential of 

DCG-GNC by acting as a photosensitizer or induce ROS generation under laser irradiation was evaluated by H2-DCFDA 

staining method. H2-DCFDA is a nonfluorescent cell-permeable dye, which is activated by intracellular esterases 

through cleavage of acetate groups and becomes fluorescent (λem = 525 nm) upon oxidation by ROS. The ROS 

production in the presence and absence of laser irradiation performed in breast cancer cells is shown in figure 2b. The 

study points to the fact that peptide stabilized silver doped gold cluster in general and specifically, DCG-GNC can act as 
a promising cancer theranostic agents and the potential of their use could be ventured into for future clinical applications.     

 
Figure 1.  a) Formation of Au-rGO@anti-ErbB2 nanotag. b) Design of centrifugal prototype and c) Detection specificity 
of SKBR3 cells in whole blood and d) Raman intensity against number of SKBR3 cells for limit of detection.   

 

 
Figure 2. UV-Vis Absorption, Emission & Excitation spectra of TPGNCsDCG-GNC and DCS-GNC.  Insets show the 

photographic image of gold nanoclusters under visible (left) and UV light, 365nm (right) illumination. Microscopic 

images of ROS generation in DCG-GNC and DCS-GNC treated cancer cells with and without laser irradiation 
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ABSTRACT 

Breath analysis is getting important for the diagnosis of lung-related diseases due to the possibility of volatile organic 

compounds (VOC) as a biomarker for different diseases and the technique is non-invasive. Photoacoustic spectroscopy 

(PAS) is a well-known absorption method, which can be  implemented for the study of VOCs. In  the PAS technique, an 

increase in acoustic intensity generated from the PA cell by the absorption of light by the VOC is measured. We have 

designed and assembled a Photoacoustic breath analyser  for the study of VOCs. The device has got the detection limit in 

ppb/ppm for different VOCs such as acetone, acetonitrile, benzene and toluene. A preliminary study on  exhaled  breath 

samples from asthma and normal subjects has been performed using the device. Principal component  analysis has been 
carried out to find out the classification of asthma and normal samples. Noticeable differences observed in the PA signals 

of normal and asthma breath samples, due to the VOC biomarkers present in the asthma samples. Nitric oxide is the 

breath biomarker that has been used for the diagnosis of asthma in hospitals. This study demonstrates  that the application 

of   Photoacoustic breath analyser  to study exhaled breath samples for the diagnosis of asthma. Experiment is in 

progressto analyse the breath samples of different lung diseases. 
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ABSTRACT   
Studies on structures and processes that exhibit self-similarity has evoked intensive investigations recently because of 

their fundamental nature and potential applications in diverse areas ranging from complex biological systems, material 

structures, electrical circuits to various optical phenomena [1]. While most of the self-similar processes typically exhibit 

monofractal behaviour that can be adequately described by a single scaling exponent, a few special class of complex 

processes are associated with more complicated scaling behaviour which may be thought of as consisting of many 

interwoven fractal subsets, each of them characterized by their own local scaling exponent [2]. Such complex self-affine 

processes are also ubiquitous in nature, and are extensively studied for diverse applications, for example in physiological 

time series of heartbeat, turbulence, Sun’s magnetic field dynamics, stock market fluctuations and so forth [2]. We have 

recently shown that the spatial distribution of refractive index (RI) in biological tissues exhibits multifractality, indicative 

of its morphological and ultra-structural tissue content [3, 4]. We have subsequently developed a novel light scattering-

based inverse method for in-situ determination of multifractality of tissue RI fluctuations [3].   
  

 
 

Figure 1: (a, b, c): Manifestation of multifractal anisotropy in the wavelength variation of scattering Mueller matrix 

elements of a Grade I precancerous tissue. (a)  Wavelength variation of the scattering Mueller matrix elements 
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(normalized by the M11(𝜆) element). (b) Wavelength dependence of the derived linear diattenuation parameter (𝜆). (c) 

The spatial frequency (ν) distribution of the Mueller matrix-derived light scattering parameters |𝑠2(ν)|2 and |𝑠1|( ν)|2 (log-

log plot). Fitting at two selected ν -ranges (lower (blue) and higher (brown)) and overall fitting (red for  |𝑠2(ν)|2 and 

black for  |𝑠1|( ν)|2  are shown and the corresponding values for the exponents are noted. (d, e): Inverse analysis of 

multifractal anisotropy.  (d) The moment (𝑞)-dependence of the classical multifractal scaling exponent (𝑞) (inset 

highlights the anisotropy or difference in 𝜏 around 𝑞 = 2) and (e) the corresponding singularity spectra 𝑓(𝛼) derived 

from 𝜂||(𝜌)(red square) and 𝜂 ׀(𝜌)(black circle). The values for (𝑞 = 2) and 𝜎 are noted. In (c) and (d) lines are guide for 

eye and the error bars represent standard deviations of the parameters for measurements on ten non-overlapping spots. 

(f) Differentiating different grades of precancers based on the Mueller matrix-derived multifractal anisotropy 
parameters. The three different precancerous grades (Grade I – green circle, II – blue diamond and III – red square) are 

mapped by their differential classical multifractal scaling exponent, 𝛥𝜏 = |𝜏 (𝑞 = 2)|| − 𝜏(𝑞 = 2)׀|;  and differential width 

of singularity spectrum 𝛥𝜎 =  |𝜎|| − 𝜎 ׀| for orthogonal linear polarizations. Higher grades of precancers are associated 

with decrease of both ℎ and 𝛥𝜎 parameters, implying reduction in multifractal anisotropy. (Adopted from [15].) 

 

The method is based on Fourier domain pre-processing of light scattering signal via the Born approximation, followed by 

the Multifractal Detrended Fluctuation Analysis. After successful validation of this  inverse approach in synthetic 

multifractal scattering phantoms, it was initially explored for precancer detection. Following these findings of 

multifractal nature of tissue RI fluctuations, we have extended this method to extract microscopic anisotropy in tissue 

ultra-structure using polarized light scattering measurements. Note that conventional polarimetric methods lack the 

desirable sensitivity towards changes in the microscopic anisotropy because the tissue structural anisotropy metrics 
derived using these methods typically represents macroscopic properties. Yet, the morphological changes associated with 

precancer are rather subtle, typically associated with alterations in the microscopic anisotropy of tissue ultra-structure 

(anisotropy at sub-micron to nanometer length scales). In order to address this outstanding challenge in tissue polarimetry 

research, we have used spectroscopic Mueller matrix measurements [5-13] and its inverse multifractal analysis to 

quantify nanometer scale anisotropy in tissue structure, which is otherwise hidden in conventional light scattering and 

Mueller matrix measurements. The method is based on processing the relevant Mueller matrix elements in Fourier 

domain using Born approximation followed by multifractal analysis [14-18]. Application of this method on ex-vivo 

tissues of human cervix demonstrated the sensitivity of the multifractal anisotropy parameters towards tissue structural 

anisotropy at the nanometer length scales [14, 15]. These results are summarized in Figure 1. These results also 

demonstrated the potential of the developed methodology for novel precancer biomarker identification / tissue 

assessment diagnostic tool. In this talk, I shall briefly present the results of our observation on tissue multifractality and 
nano scale multifractal anisotropy, the developed inverse polarized light scattering model for extraction/quantification of 

multifractal anisotropy, its validation and exploration for precancer detection.   
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ABSTRACT 

We utilized conventional Raman spectroscopy technique for the analysis of skin tissues and surface enhanced Raman 

spectroscopy (SERS) for the analysis of blood serum. When classifying subjects by the presence of kidney failure using 

the PLS-DA method, the most informative Raman spectral bands are 1315 to 1330, 1450 to 1460, 1700 to 1800 cm−1. 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. 

Application of SERS technique for the analysis of blood serum led to the ROC AUC of 0.983 (0.969 – 0.997; 95%CI) for 
the discrimination of healthy individuals and patients with kidney failure. For SERS we observe strongly enhanced bands 

which may be attributed to biochemical components such as nucleic acids (641, 724, 813, 1003, 1210, 1132 and 1450 

cm−1), carbohydrates (641, 890 and 1094 cm−1) and lipids (1278 and 1327 cm−1). Raman-based liquid biopsy may be 

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

 

INTRODUCTION 

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

which are used for specific diseases biomarkers detection in biological tissues and fluids [1]. Optical methods have the 

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

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

of diseases and creation of new bioanalytical tools for the diagnosis of diseases [2]. Since each type of biological tissue 

and biofluid has an individual molecular composition and, thus, a unique spectral profile resulting from the transition of a 
molecule from one vibrational-rotational state to another, a set of such individual states of functional groups of nucleic 

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

ultimately makes it possible to isolate disease markers. 

 

Along with the use of optical biopsy methods, it is possible to apply a supersensitive technique for analyzing biofluids 

based on surface-enhanced Raman spectroscopy, which will be most effective for detecting low concentrations of disease 

markers in biological fluids [3]. In the last decade, the development of nanotechnology has led to the creation of 

promising tools for solving new problems in the study of various human diseases, which is especially important for 

effective and targeted treatment and a deeper fundamental understanding of the biochemistry of diseases. 

 

In this study we demonstrate application of conventional Raman spectroscopy for the analysis of skin and application of 
SERS for serum analysis to determine the presence of non-communicable diseases. 

 

MATERIALS AND METHODS 

The study of skin optical biopsy was performed for three groups of subjects: the target group consisting of 85 

hemodialysis patients with kidney failure (90 spectra series), the adult control group constituted by 40 healthy volunteers 

(80 spectra) without systemic diseases and the young control group constituted by 84 healthy volunteers (168 spectra) 

without systemic diseases. Stimulation of the collected spectra was performed by the laser module (LuxxMaster LML-

785.0RB-04, PD-LD, New Jersey) with the central wavelength of 785 nm. The Raman probe (RPB785, InPhotonics, 

Massachusetts) is able to focus the exciting radiation, as well as to collect and filter the scattered radiation. The focal 

length of the utilized Raman probe was 7.5 mm with the distance between the tested skin sample and the output lens of 

the Raman probe of 7 mm. The collected signal was decomposed into a spectrum using a portable spectrometer 

(QE65Pro, Ocean optics, Florida). Details of the utilized Raman setup and cohort of studied patients maybe found 

elsewhere [4]. 

 

In SERS analysis of blood, we estimated 58 patients with kidney failure and 78 healthy individuals. The collected 

samples were placed in sterile tubes. Between sampling and direct recording of spectral characteristics, the samples were 

stored at -14 °C. The experimental setup for blood liquid biopsy includes a spectrometric system (EnSpectr R785, Spektr-

M, Chernogolovka, Russia) and a microscope (ADF U300, ADF, China). Focusing the exciting radiation and collecting 

the scattered radiation were implemented using 50x Objective LMPlan. The stimulation of collected spectra was 

performed by the laser module with central wavelength 785 nm. A yellow-green sol with a silver concentration of 0.05-

0.1 g/l was obtained by reduction from an aqueous solution of silver nitrate with sodium citrate at a temperature of 95°C 
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for 10 minutes. For SERS testing, a 1/1 silver colloid is added to the serum sample. Initial serum samples and samples of 

serum solutions with silver sol in a volume of 6 μl are applied to aluminum foil and dried for 60 minutes at room 

temperature. 

All spectral data were processed by means of regression analysis. The fact that each tested subject is characterized by 

spectral data and a priori information on a particular class (the target or the control group) helped us to solve the 

supervised classification problem. The obtained experimental dataset was subjected to discriminant analysis with the 

projection on latent structures (PLS-DA). Since the analyzed spectral data are multicollinear, the projection analysis 

methods can provide a statistically reliable result. The PLS-DA is one of the most common approaches to solving such 

problems. When constructing the regression model, the informative spectra bands were defined by analyzing the variable 

importance in the projection (VIP) distribution. VIP makes it possible to assess the impact of individual variables of the 
predicate matrix array on the model [5]. 

 

RESULTS AND DISCUSSION 

Figure 1 demonstrates the VIP scores of the Raman spectra matrices in the constructed regression models. Analysis of 

Figure 1 graphically demonstrates that the spectral bands characteristic of kidney failure does not overlap with the bands 

that are informative when discriminating healthy skin tissues by age. Application of Raman spectroscopy to investigate 

the forearm skin has yielded the accuracy of 0.96, sensitivity of 0.94 and specificity of 0.99 in terms of identifying the 

target subjects with kidney failure. The autofluorescence analysis in the near infrared region identified the 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. When classifying subjects by the presence of kidney failure using the PLS-DA method, the most 

informative Raman spectral bands are 1315 to 1330, 1450 to 1460, 1700 to 1800 cm−1. 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. 

 

 
Figure 1: VIP-scores of the Raman spectra matrices for: “kidney failure vs adult healthy group” PLS-DA model, “young healthy 

group vs adult healthy group” PLS-DA model, “kidney failure vs whole healthy group” PLS-DA model 
 

Application of SERS technique for the analysis of blood serum led to the ROC AUC of 0.983 (0.969 – 0.997; 95%CI) for 

the discrimination of healthy individuals and patients with kidney failure. The most important Raman bands that helps to 

achieve such performance of PLS-DA classification models are highlighted in Figure 2. For SERS we observe strongly 

enhanced bands which may be attributed to biochemical components such as nucleic acids (641, 724, 813, 1003, 1210, 

1132 and 1450 cm−1), carbohydrates (641, 890 and 1094 cm−1) and lipids (1278 and 1327 cm−1). Several of these bands 

clearly stand out by the impact of SERS technique at (724, 813, 890, 961 and1132 cm−1) because such bands were 

undetectable by conventional Raman spectroscopy due to weak intensity. The SERS spectrum of serum with silver 

nanoparticles showed many dominant vibration bands, indicating a strong interaction between the silver colloids and the 

serum substances.  
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Figure 2: VIP-scores of the Raman spectra matrices for discrimination of kidney failure and healthy individuals based 

on SERS analysis of blood serum 

 

CONCLUSION 

Raman-based optical and liquid biopsy may be promising in non-communicable diseases identification, as it provides fast 

and rapid diagnosis. The classification performance can be further improved by using more complex analysis approaches 

as neural network algorithms of Raman spectra analysis [6] or by adding complementary information to the analysis 

(such as patients’ demographics [7]). Important to note, that the proposed approach may be combined with other optical 
techniques for more precise diseases detection. Proposed Raman systems can be tested for their ability to detect other 

illness (track diabetes [8, 9] or find cancers [10]) and to find tumors in other organs. However, such novel approaches 

need to be tested in future large multicenter trials. 
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ABSTRACT 

Degenerative disorders, which include osteoporosis and Alzheimer's disease, are characterized by a progressive decline 

in normal cell or tissue function. Transdifferentiation of adipose-derived mesenchymal stem cells (ADMSCs) into 

multiple cell lineages, including neurons and osteoblasts, is possible. It has been demonstrated that photobiomodulation 

can optimize this process (PBM). The use of genetically modified immortalized ADMSCs (iADMSCs) cells provides 

accessibility by overcoming ethical problems and facilitates continuous cell culture proliferation. In this comparative 

study, the effects of PBM, using 5 J/cm2 at 825 nm and/or 525 nm consecutively were determined on the differentiation 

potential of iADMSCs to determine the most effective wavelength of PBM to induce differentiation into neurons and 
osteoblasts. iADMSCs were characterized using their surface protein markers CD44/90/166 and induced to differentiate 

into neuronal cells or osteoblasts. iADMSCs stem cell markers were characterized using flow cytometry.  Morphological 

changes were examined, and biochemical assays performed including LDH cytotoxicity assay, reactive oxygen species 

(ROS) production, trypan blue viability and ATP proliferation. Transdifferentiation of iADMSCs using various trans-

differentiation inducers and PBM therapy showed promise. Neuronal transdifferentiation was observed through the 

decrease in stem cell markers after characterization. Observations of morphology showed changes in PBM treated groups 

from that of the standard, where the cells showed rounding and synaptic protrusion development. There was an overall 

increase in cytotoxicity indicative of membrane permeabilization when using all irradiation parameters, signifying 

transdifferentiation. An increase in ROS production was noted when using 525 nm irradiation, cell viability was 

maintained throughout the experimental groups, with a significant increase when using consecutive irradiation. Cell 

proliferation was increased when subjected to 825 nm irradiation, however the use of 525 nm and the consecutive use of 
825 nm and 525 nm did lead to a decrease in proliferation, signifying differentiation. Osteoblast transdifferentiation was 

also seen by a decrease in stem cell marker expression. A noticeable change in cell morphology started to occur for all 

experimental groups after 24 hours, over time it was seen that 525 nm and consecutive PBM treatments had the most 

change in morphology seen by a rounded-up cell shape like that of osteoblasts. Biochemical analysis revealed no increase 

in cytotoxicity or ROS for all experimental groups after 48 hours, after 7 days significant increases where noted, that can 

be ascribed to contact inhibition. Cell viability was maintained over time and a decrease in cell proliferation was noted in 

experimental samples where 525 nm and consecutive irradiation had the greatest decrease in proliferation. We suggest 

that consecutive use of green and NIR PBM along with growth inducers offer a better solution of transdifferentiating 

iADMSCs to neurons and osteoblasts. Findings from this research will serve as contribution toward validating stem cell 

technology for application in in vivo, pre-clinical and clinical research settings. 

KEYWORDS: Photobiomodulation; Transdifferentiation; Adipose Derived Mesenchymal Stem Cells; Osteoblasts; 

Neurons 
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ABSTRACT 

Spiral phase plate (SPP) is an optical element with an optical thickness that varies with azimuthal angle so that the 

incident beam arises with a spiral phase front. Thus, a Gaussian beam incident on SPP emerges out as a vortex beam 

having a central null region with doughnut shape intensity distribution. Herein we mainly concentrate on initial result 

obtained when an SPP is introduced into a micro-Raman setup. Beam profiling of the vortex beam was done at focus of a 

biconvex lens and compared with the Gaussian beam profile obtained at the same point. Images of the vortex beam were 
taken at the focus of the microscope objectives using the NIS-D elements software. The inner and outer diameter was 

measured to choose the appropriate sample for our studies. Raman spectrum of Tylenol was obtained using vortex beam 

and found that vortex beam was able to reproduce all the peaks recorded using the Gaussian beam. A dye-polystyrene 

system was prepared, and experiments were performed to show that using vortex beam Raman signals can be obtained 

exclusively from the boundaries.   

Keywords: Spiral Phase Plate, Vortex beam, Raman spectrum, Dye-polystyrene system 
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ABSTRACT  

Despite the development of medicine, cancer remains one of the most dangerous diseases nowadays. The detection and 

treatment of cancer is one of the most challenges for medicine in the twenty-first century. An effective solution of the 

problem is the use of modern interdisciplinary technologies. Most often, if the tumor is diagnosed earlier and treated, the 

patient will have a better prognosis and much greater opportunities for complete recovery. Many recent technological 

innovations have used physics principles, such as optics and coherent photonics, to improve early diagnostic and 

therapeutic procedures to reduce cancer incidence and mortality [1]. In this study, the development of technologies for 

biomedical imaging of skin cancer is presented. 

 

Skin cancers are due to the development of abnormal cells that have the ability to invade or spread to other parts of the 

body. There are three main types of skin cancers: basal-cell carcinoma (BCC), squamous-cell carcinoma (SCC), and 
melanoma. BCC is the most common epithelial neoplasms of the skin, accounting for 45-90% of all malignant epithelial 

tumors of this localization [2]. BCC consists of cells similar to the cells of the basal layer of the epidermis. It differs from 

other skin cancers by extremely rare metastasis, but it is capable of extensive local growth, which leads to significant 

cosmetic and functional disorders [3]. 

 

In this pilot study, a combination of high–resolution ultrasound examination and optical methods (Raman spectroscopy, 

optical coherence tomography (OCT), and diffuse reflectance spectroscopy) were used.  

The study involved light-skinned volunteers with basal cell carcinoma and benign neoplasms and volunteers with high 

pigmented health skin. Informed consents were acquired from all patients prior to the study. Enrolled patients’ age 

ranged from 48 to 78 years. Enrolled patients were 2 Caucasian males and 7 females. Differentiation of neoplasms was 

carried out using morphological research: basal cell carcinoma (7 lesions) and benign neoplasms (2 lesions). 

 
Ultrasound DUB SkinScanner (tpm taberna pro medicum GmbH, Germany) was used in the initial management of 

neoplasms (including helping in the differential diagnosis and measurement of thickness). High resolution ultrasound 

imaging systems enabled ultrasound to differentiate structures of less than 100 microns on the beam axis (axial 

resolution) and 200 microns on the scan axis (resolution axis). The frequency ranges 33 and 75 MHz, allowed 

visualisation of the superficial layer of the skin (epidermis and dermis, and the upper part of hypodermis), where the 

majority of lesions and skin tumors were located. Figures 1 show photography of the superficial BCC from smartphone 

and dermascope, and ultrasonic images with different resolutions. 

 

   
     Real photo of BCC                     Macro-photo 

(a)                                    (b) 
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Figure 1: Photography of the superficial BCC from (a) smartphone and (b) dermascope, and (c) ultrasonic images with different 

resolutions. 

 

It is well seen the borders of the tumors. Real sizes were evaluated. For example, for the superficial BCC the depth was 

evaluated from 0.45 to 0.74 mm in different sites, for pigmented BCC it was from 0.2 to 0.71 mm, and for pigmented 

benign neoplasm it was about 2.22 mm. 

 

Neoplastic cells are characterized by increased nuclear material, an increased nuclear-to-cytoplasmic ratio, increased 

mitotic activity, abnormal chromatin distribution, and decreased differentiation. There is a progressive loss of cell 

maturation, and proliferation of these undifferentiated cells results in increased metabolic activity. General features of 

neoplastic cells result in specific changes in nucleic acid, protein, lipid, and carbohydrate quantities and/or 

conformations. For the study we used Raman spectrometer QE65000 (Ocean Optics, USA) with diode laser 785 nm 

(Ocean Optics, USA) and probe.  
 

The original analyses for Raman signals are based on differences in intensity, shape, and location of the various Raman 

bands between normal and cancerous cells and tissues. However, there are no distinctive Raman peaks or bands that can 

be uniquely assigned to BCC by visual inspection alone. The development of the malignant skin disease increases the 

content of metabolic products in the pathological areas of the skin, changes the concentration of proteins and lipids. 

Proteins predominantly contributes to the appearance of bands in the spectral range 1240–1270, 1340, 1440–1460, and 

1665 cm−1, the spectral features arising from the contribution of lipids, are observed in the 1271–1301, 1440, 1650–1660 

cm−1 bands. One of the significant differences between malignant and benign formations is the process of metabolism 

and destruction of collagen. Cells of malignant tumors form fast-growing, low-differentiated structures, and the 

development of such structures is accompanied by the increased activity of collagenase. Collagenase destroys the 

molecular bonds of collagen fibers, and changes in Raman spectra of skin tissue can be observed in 1248, 1454, and 1665 
cm−1 bands associated with peaks of collagen [4].  

 

In the BCC, there was an increased content of proteins (430, 475) and nucleic acids (622, 685), a decreased content of 

lipids (1287, 1419) and keratin (1463, 1670). Increased peaks associated with DNA (755) and cell nuclei (831). 

Optical coherence tomography is used for preoperative determination of the peripheral boundaries of BCC in order to 

choose the optimal treatment method and minimize the invasiveness of surgical intervention. OCT is characterized by 

high efficiency for the in vivo diagnosis of malignant and benign skin tumors. OCT B-scans were obtained using the 

GAN930V2-BU spectral OCT (Thorlabs, USA) operating at a central wavelength of 930 nm with axial and lateral 

resolutions of 6.00 and 7.32 µm, respectively, and a scanning depth of 2 mm. OCT was used for in vivo differential 

diagnosis between benign skin neoplasms and BCC. It was well seen different heterogeneity of skin structures. We used 

aqueous 70%-glycerol solution for increasing the probing depth of OCT. Enhancers of epidermis permeability was not 

used because the epidermal barrier was injured and not prevented diffusion of OCA and water. It was well seen that after 
10 minutes the optical probing depth increased in 1.5-2 times and visualization of heterogeneities characteristic of basal 

cell carcinoma has been improved (fig. 2). 

 

  
(a)                                                  (b) 

Figure 2: OCT-scans of skin with BCC (a) before optical clearing and (b) in 10 min after 70%-glycerol application. 
 

Diffuse backscattered spectroscopy is well suited for use in biomedical applications due to its low instrumentation cost 
and easy implementation. Reflectance measurement is a function of optical scattering and absorption. The primary 

sources of scattering in skin include collagen, mitochondria, melanin, and cell nuclei. Hemoglobin and melanin are the 

primary sources of absorption in skin. Diffuse reflectance was measured in the range of 400 - 2150 nm using both 

USB4000-UV-VIS and NIRQUEST spectrometers (Ocean Optics, USA) equipped with QR400-7-VIS-NIR fiber optic 
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probes (Ocean Optics, USA). Determined by visual inspection, BCC contributed to reflectance spectral intensity and 

spectral slope. It was founded that areas of the skin most affected by basal cell carcinoma had lower reflectance 

intensities compared with normal skin. 

 

Thus, the sizes of neoplasms were evaluated using ultrasound examination, and their internal structure was visualized 

using OCT in combination with optical clearing. Diffuse reflectance extracted physiological parameters such as 

hemoglobin content, oxygen saturation, and tissue microarchitecture. Raman spectroscopy was helpful for determining 

lipid, nuclear, and protein content. Our results demonstrated the ability of these modalities to quantitatively assess tissue 

biochemical, structural, and physiological parameters that could be used to determine tissue pathology.  

 
The study was funded by RFBR, project number 20-52-56005, and the grant under the Degree of the Government of the 

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

The liver can adjust to the current state of the body. The metabolic flexibility of the liver is a mechanism that allows it to 

keep the glucose level in the blood stable, both in the fasting state and after a meal [1]. In this work, we improved our 
previously published model of Ca2+-signaling in hepatocytes [2] by including glucose and lipid metabolism. The new 

model follows principles of the law of acting masses and chemical kinetics. The influence of dysfunctional Ca2+-

signaling and deviations of the major lipid metabolism processes from normal on the plasma glucose level and other 

components of the glycemic control system are studied. The key factors leading to deviations in the work of the glycemic 

control system in hepatocytes, the connection between them, and possible consequences are identified. 

  

In response to an increase in the blood glucose level, beta-cells of the pancreas produce insulin through exocytosis. There 

are three insulin-dependent mechanisms of lowering blood glucose levels: the transition of excess glucose to glycogen, 

glucose oxidation (glycolysis), and synthesis of fatty acids (lipogenesis). The result of lipogenesis is the release of very-

low-density lipoproteins in the blood plasma, which will be used by the body to meet its energy needs [3]. 

During fasting, the blood glucose level gradually decreases, and insulin doesn’t affect hepatocytes anymore. Instead, 

glucose is released from glycogen stores. In addition, the synthesis of glucose from alternative substrates, such as, for 
example, glycerol, known as gluconeogenesis, is started. Ca2+ ions are also one of the critical regulators of glucose 

metabolism in hepatocytes [4] (Fig.1).  

 

 
 

Figure 1: Process diagram of the hepatocyte. 
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The present model is based on one of our previous models. Insulin resistance in hepatocytes is one of the earliest factors 

of developing type II diabetes. Previously we studied key factors in developing insulin resistance in hepatocytes and 

suggested the hypothesis about the dominant role of both the modulation of IP3-receptors and the inability of 

mitochondria to form mitochondria-associated membranes (MAMs) with the endoplasmic reticulum in the disease 

development. The combination of the modulation of IP3-receptors and the inability of the mitochondria to form MAMs 

leads to a significant increase in the concentration of cytosolic Ca2+. We assumed that the increase in cytosolic Ca2+ 

leads to an increase in hepatic glucose release. To check this, we improved the model [2] by taking both glucose and lipid 

metabolisms into account. 

  

In the previous work, we constructed a mathematical model that allowed us to study the individual contribution of each 
of the assumed factors to the development of hepatocyte insulin resistance. It was assembled from a combination of well-

established models of IP3-receptor dynamics and mitochondrial impact on cytosolic Ca2+ signaling. The present 

mathematical model is based on a process diagram using the principles of the law of acting masses and chemical kinetics. 

Sigmoidal functions were used to describe the dependencies of major processes rates on insulin and other factors. The 

influence of the parameters of these functions, which are responsible for the amplitude and sharpness of the transition, 

was investigated in this work. The influence of deviations in calcium signaling and the regulation of lipid metabolism 

from the norm was studied. In particular, we investigated the effect of insulin on: 

· the glycolysis rate; 

· the glycogen synthesis rate; 

· the gluconeogenesis rate. 

 

 
 

Figure 2: The effect of insulin on glycolysis rate at normal Ca2+ signalling. 

 

 

The modeling results agree with modern concepts of the processes of synthesis, storage, and metabolism of glucose in 

hepatocytes. It was shown (Fig. 2) that: 

 only the rate of glycolysis in dependence on insulin has a significant effect on the plasma glucose level (100 -> 

125); 

 a decrease in the effect of insulin on glycolysis leads not only to an increase in the concentration of glucose in 

the blood but also to an increase in glycogen stores during the meal and a decrease in the concentration of 

glycerol and triacylglycerol (TAG), in other words, to a decrease in further lipid storage. 

It was also shown (Fig. 3) that: 

 a decrease in the amplitude of the dependence of the glycolysis rate on insulin combined with dysfunctional 

Ca2+-signalling leads to an even greater increase in the concentration of glucose in the blood (100 -> 150); 

 by themselves, dysfunctional Ca2+-signalling during normal insulin action does not cause any changes in blood 

glucose levels. Still, it does stimulate the production of glycerol and TAG; in other words, it leads to a potential 

increase in lipid storage and further obesity development. 
Thus, in this work, the previously published model of Ca2+-signalling in hepatocytes has been improved by modifying 

the model, so that glycolipid metabolism is included. Modeling results are well reconciled with known concepts of 

hepatocytes storage, release, and metabolism. The model allows improving our understanding of metabolic pathologies. 
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Figure 3: The effect of insulin on glycolysis rate at dysfunctional Ca2+ signalling. 
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ABSTRACT  

The concepts of multimodality and temporal formation or expansion of optical transparency windows of biological 

tissues are fruitful tools of the method of immersion optical clearing (IOC) of tissues. The method is based on a 

controlled and reversible modification of the optical properties of a tissue when exposed to a biocompatible optical 

clearing agent (OCA). At present, the basics of the method have been studied and the leading mechanisms of IOC have 

been described [1-4]. These mechanisms determine a significant increase in the efficiency of imaging of almost all 

known optical imaging tools and laser impact on living tissues. This versatility is due to the fact that the method is aimed 
at temporary suppression of the fundamental cause that limits the transparency of the tissue and blurs the image of its 

structures, namely, elastic light scattering in the tissue. As a result, the IOC method makes it possible to enhance the 

contrast of pathological foci in depth of tissue when imaging living tissues using various optical modalities operating in 

an ultra-wide wavelength range from deep UV to terahertz. Figure 1 illustrates the main optical methods that benefit 

significantly from the optical clearing method [1-17].  

 

 
 

Figure 1: Different optical tools beneficial from the immersion optical clearing method. 

 

It is important to note that the method is well compatible with other widely used imaging modalities such as computed 

tomography, MRI and ultrasound [6,15,17]. 

 

Recently, there has been activity in the field of application of the method in therapeutic technologies, including 
photodynamic, photocatalytic and photothermal therapies [5, 18, 19].  

 

Unique applications may be in transplantology, since OCAs are known as cryopreservative fluids for transplant storage 

[3, 20] and can provide a better optical communication channel with smart implants in the human body [21]. 
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