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Type I collagen acts as an extracellular and intracellular marker that reflects tissue 

properties. To validate these properties accurately, an in vitro model with cardiac valve 

interstitial cells was cultured under two different conditions; with and without ascorbic acid. 

The cultures were then evaluated by the rate of newly synthesised collagen; DNA content for 

cell growth; expression levels of collagen gene; fluorescence, confocal, and label-free second 

harmonic generation (SHG) microscopy. The results indicated that the culture with ascorbic 

acid reached higher cell growth and collagen deposition, although the expression levels of 

collagen gene stayed similar to the culture without ascorbic acid. The fluorescent microscopy 

was positive for collagen fibres in both the cultures. Visualization of only extracellular 

collagen returned a higher correlation coefficient when comparing the immunolabeling and 

second harmonic generation microscopy images in the culture with ascorbic acid. Lastly, it 

was proved that the hydroxyproline strongly contributes to the second-order susceptibility 

tensor of collagen molecules, and therefore the second harmonic generation signal is impaired 

in the culture without ascorbic acid. 

After evaluation of the methods on the VIC model, the microtome sections from a 

31-month-old rabbit Achilles tendon were compared using fluorescent and polarized SHG 

microscopy. The fluorescently stained microtome sections appeared fuzzy with no details of 

fibres even under polarized light microscopy. On the other hand, polarized SHG microscopy 

revealed individual fibres with information on the local orientation. Thus it is possible to limit 

the sample processing only to microtome sectioning when using SHG microscopy. To 

examine the influence of microtome sectioning, the tendons from newborn (~7 days) to elderly 

(~38 months) rabbits were imaged with SHG microscopy and compared by an automatic 

algorithm. The results plotted in correlogram indicated that after sectioning, the collagen fibre 

pattern is disrupted for the younger animals. For the older animals, the pattern remained 

straight, consistent with the longitudinal axis of tendon. This finding was confronted with the 

dissected intact rabbit tendons.  

The intact rabbit tendons from all the animals possessed a strong global directionality, 

which confirms that the changes in the fibre orientation are triggered by sectioning. However, 

there was a significant difference in the tendon crimp pattern appearance. The phenomenon 

can be described by a sinusoidal wave. The crimp amplitude (A) and wavelength (Λ) start at 

very low values (A = 2.0 ± 0.6 µm, Λ = 19 ± 4 µm) for newborn animals. Both quantities are
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increased in the sexually mature animals. When the animals are fully mature the amplitude 

decreases, and therefore it is highly difficult to establish the increasing wavelength.  

The age effect was also chosen as an independent variable when investigating the 

micro-environment, helical pitch angle and mechanical properties of the tendons. It was 

assumed and proved that the change of micro-environment with age is reflected by the long-

lifetime component 𝜏2  when measuring autofluorescence lifetime of tendon. It was revealed 

that 𝜏2 significantly increases with age. On the other hand, the results on the helical pitch angle 

of the collagen molecule provided no evidence to reject the null hypothesis when measured by 

polarized SHG microscopy. Similar results were obtained when the helical pitch angle of the 

collagen molecule was measured under mechanical load, however, the crimp pattern 

disappeared at minimum resolution of the force sensors. Finally, the tendons were also 

stressed under uniaxial load being observed by a standard CCD camera. This tensile test 

returned a high variability data and no statistical difference between the 4-month-old and 

38-mont-old animals. 


