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The work is devoted to development of scanning imaging system for bioobjects based on two-photon fluorescence of nanoparticles. It is based on the use of nanomaterials in imagining systems and some of nonfluorescent imaging applications and labeling with fluorescent nanoparticles. The basics of two photon fluorescence, its imaging application, properties of nanoparticles and biological tissues, used for our system development were analyzed. Based on this analysis we developed the general scheme of the system for scanning imaging of bioobjects using CdTe quantum dot labels and method of  two-photon fluorescence.

Optical methods of the analysis are widely applied in various areas, including in medical practice. Their value at analytical researches of biological tests constantly increases. It is caused by a number of the positive features inherent in methods of analyses that are based on the luminescence phenomenon: high informational content, low limit of detection, high specificity, simplicity of techniques and their low prime cost. Use of fluorescent markers allows to expand significantly a range of studied objects and to conduct immunological and genetic researches, to carry out an assessment of influence of preparations on an organism, etc.

The modern achievements of nanotechnology give new types of materials with unique optoelectronic properties. The use of new nanomaterials for optical imaging and labeling is very promising due to a number of advantages they provide. In particular they have extreme photostability, the same material can be used to produce nanoparticles with different optical properties based on the size and shape of the clusters. 

Two-photon excitation microscopy is a fluorescence imaging technique that allows imaging of living tissue up to about one millimeter in depth. It differs from traditional fluorescence microscopy, in which the excitation wavelength is shorter than the emission wavelength, as the wavelengths of the two exciting photons are longer than the wavelength of the resulting emitted light.

Despite being one of the most attractive techniques to provide noninvasive and nonionizing in vivo visualization, optical imaging is impeded by the tendency of living biological tissues to absorb and scatter photons and generate strong auto fluorescence, which interferes with signal collection and processing.  In addition, living tissues also contain other major NIR absorbers, such as water, lipids oxyhemoglobin and deoxyhemoglobin that prove challenging for optical imaging. 

To overcome these barriers, intense research has focused on developing highly sensitive and efficient fluorescent probes that function in the biologically transparent window of the first and second NIR region (NIR I, 650–950 nm, and NIR II, 1000–1350 nm).[1]

Because of the high surface-to-volume ratio and the quantum confinement effect, nanocrystals of semiconductors, or quantum dots (QDs), have become interesting objects for both fundamental research and practical applications. In the past two decades, significant advances have been made towards the synthesis of colloidal semiconductor QDs, particularly II–VI compounds, such as CdSe, CdS and CdTe. These highly luminescent nanomaterials possess suitable characteristics for various applications in optoelectronics and biological labeling.[2]

One application of nanotechnology in medicine currently being developed involves the use of nanoparticles to deliver drugs, heat, light or other influence to specific types of cells (in particular cancer cells). Particles are engineered so that they are selectively attracted to diseased cells, which allow their direct treatment. This technique reduces damage to healthy cells in the body and allows for earlier detection of diseases (Fig. 1).
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Figure 1– Targeted delivery

Based on the two-photon microscopy system, the idea of developing a new kind of microscopy that will combine more than one technology and will give new possibility of movement, scanning and detection
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