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Tear fluid is untraditional and easily accessible sampling material which enables diagnostics of not only ophthalmological but also systemic diseases. Which is connected to the composition of tear fluid what changes significantly during the presence of a disease [1]. The various noninvasive diagnostic methods help to detect the disease from tear fluid, without separation and the use of the specific biomarker. These methods include fluorescence spectroscopy (FS), infrared spectroscopy (IRS) and atomic force microscopy (AFM).

The AFM is an untraditional method which could provide analysis of the biological material. In spite of the fact that it is mostly used for in vitro studies, such as differentiating between normal and cancerous cells [2] or detection of viruses [3], it is also used for novel studies and diagnostics of blood serum [4]. In our study was assessed the diagnostic potential of AFM for detection of diabetes mellitus from tear fluid.

Tear fluid of healthy subjects and patients with diabetes mellitus after oral antidiabetic drugs treatment (OAD) was collected by flushing method of right and left eye with saline solution. The individual sample (10 μl) of tear fluid was deposited on the microscopic glass slides and stretched over the surface by the method of blood smear and dried at room temperature. At the next step, the samples were analyzed using AFM in tapping mode.
AFM results of tear fluid of patients with diabetes mellitus showed the various characteristic structures (Fig.1). The surface of the tear fluid of healthy subjects exhibited separated crystals (300–1000 nm) and surface roughness Ra = 81 nm. Comparing the tear fluid of patients with diabetes mellitus shown the characteristic changes of the structures based on the duration of the disease and the type of selected treatment. It was observed solid network of dendrites with major branches consist of tiny grains at the surface of tear fluid of patients with diabetes mellitus treated for 3-4 years with OAD. The surface roughness was above Ra = 79.6 nm.

At the surface of the tear fluid of patients with diabetes mellitus after 10 years of treatment with OAD was observed a solid network of leaf-shaped crystals. This network composed of chains with the sizes of the crystal 2-10 m. The thickness of the lines gradually increasing from the beginning to the end. The individual crystals were formed probably due to the crystallization of glucose and salts with proteins. The total surface roughness was Ra = 300 nm. A fine line of formations resembling of leaf-shaped crystals with a high degree of branching with length was observed on the surface of the tear fluid with diabetes mellitus after 14 years on the OAD. The main branches had a thickness of about 5 m and a length of more than 100 m. The lateral branches had approximately the same thickness but variation in the range of length of lines, from 50 to 90 m. The roughness of the surface was above Ra = 400 nm.
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Fig. 1. Comparison of tear fluid of patients after OAD with various treatment length using by AFM method
The investigation of the structure of tear fluid of healthy subjects and patients with diabetes mellitus (treated with OAD) using by AFM method showed significant differences in the structure. Based on the presented results, we can conclude about the close relation of the crystal structure of tear fluid in the presence of treated and untreated diabetes mellitus. Thus, might be suggested the possible use of AFM as non-invasive pre-screening diagnostic tool during diabetes mellitus pathologies from tear fluid detection. 
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