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Simulated parametric emission (SPE) microscopy is a method based on nonlinear
four-wave mixing (FWM) process which has been proposed recently. SPE contrast
involves the nonlinear interaction of optical pulses at angular frequencies of Cap(pump)
and w;, (probe) produces a signal at @g, =2><a)p —a);. On this nature, SPE is considered

as an alternative technique in the field of biomedical imaging providing 3-D resolution

and intrinsic signal detection. The biological application of SPE microscopy in literature,

however, is quite rare to date, and what SPE can visualize is still unclear. This thesis
concentrates on demonstrating the capabilities and usefulness of SPE microscopy in

biological and medical sciences. The first chapter introduced the principle of SPE and by

discussing briefly about other label-free techniques in the literature featuring the needs
for developing SPE microscopy. The second chapter demonstrated the abilities of SPE
microscopy for 2D and 3D label-free imaging of live cells. Taking advantage of its single
broad-band laser configuration, SPE was proven to have the capability of simultaneous
multi-signal detection. A study on the effect of laser irradiation on live cells was also
provided. The third chapter described the application of SPE to visualize hemoglobin in
unstained live erythrocytes. This application helped to resolve the difference in
hemoglobin distribution between live and fixed erythrocytes. Going deeper, the forth
chapter exploited the applications of SPE in medical researches with SPE imaging of
various unstained tissue sections. The imaging of unstained mouse’s brain and muscle
sections revealed that SPE is capable of label-free visualizing neurons, striated muscles
and collagen fibers, which opened new prospects of this microscopy for diagnostic studies.
The last chapter summarized all the important results and described the general

conclusions of the research.
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