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In vivo multiparametric monitoring of tissue pathophysiological
conditions based on NADH fluorescence

SHI Hua & MAYEVSKY Avraham

Britton Chance Center for Biomedical Photonics, Wuhan National Laboratory for Optoelectronics, Huazhong University of Science and
Technology, Wuhan 430074, China

Real-time multiparametric evaluation of tissue pathophysiological conditions is of great value in animal experiments and for
clinic applications, and is receiving more and more attention by researchers in life sciences and medicine. It is well known
that the real-time monitoring of pathophysiological conditions in patients is required during surgical procedures and in inten-
sive care units (ICUs). Whether a critical condition such as ischemia and hypoxia can be detected in vital organs, such as
heart and brain, is directly related to patient survival. Early detection of microcirculatory disturbances in non-vital organs will
also help to increase the success rate of surgeries such as organ transplantation, and decrease the incidence of post-operative
complications. Conventional parameters, such as blood pressure, electrocardiogram and pulse, which are monitored in clinics,
play important roles in the real-time evaluation of vital signs; however, they do not provide enough information to expose
early changes in local tissue pathophysiological conditions at the molecular level. NADH is an intrinsic autofluorescent mole-
cule involved in the redox reactions of the mitochondrial respiratory chain and serves as a sensitive marker, reflecting meta-
bolic states and cell vitality. This paper introduces in vivo techniques to monitor the cellular metabolic states based on NADH
autofluorescence. This method, combined with synchronous parallel monitoring of multiple parameters such as microcircula-
tory blood flow and hemoglobin oxygenation, will not only be useful in studies of pathophysiological mechanisms and
evaluation of drug effects in vivo, but could also be clinically applied in surgeries and ICUs to provide real-time dynamic
information of vital signs. At present, the technique of monitoring one-dimensional NADH fluorescent signals is well devel-
oped, and has been applied from in vitro experiments to living cells, animals, and in clinical studies. The two-dimensional
imaging technique has been previously used in vivo. However, three-dimensional imaging has only been successful in frozen
tissue slices due to the limited penetration of NADH. There are some large challenges that need to be addressed in the future,
such as how to overcome the bottleneck of limited light penetration caused by high scattering in biological tissues; and how
to maximally reduce environmental interference of fluorescent signals. Once these problems have been overcome, it should
be possible to achieve real-time multiparametric monitoring of tissue pathophysiological conditions at a molecular level.

pathophysiology, redox, in vivo monitoring, mitochondria, NADH autofluorescence
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