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Conclusion
The gluconeogenesis inhibition is probably a consequence of the inhibition of
mitochondrial oxidative phosphorylation, which happened under or without
irradiation. According to the results, TBO seems to exert an uncoupling effect.
Considering the similarity of mitochondrial metabolism in different tissues, other
metabolic ATP-dependent processes might be affected. A possible adverse effect
caused by the TBO action observed in this study could be hypoglycemia due to the
inhibition of glucose production. These metabolic alterations could limit the use of
TBO on PDT and other clinical modalities.
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In the hepatic perfusion experiments, TBO progressively inhibited gluconeogenesis,
reaching a maximum inhibition of 68% (Fig 2). After the interruption of TBO infusion,
there was a partial recovery in glucose production. No significant difference in oxygen
consumption was found, although a slight stimulus was noticed.

Results
The results show that the biosynthetic rate of ATP on isolated mitochondria was
inhibited both under irradiation (-95%) and in the absence of irradiation (-85%) when
malate and glutamate were utilized as the substrates (Fig 1A). When succinate was
employed as the oxidable substrate there were also inhibitions on the biosynthetic rate
of ATP in both conditions (-80% without irradiation and -97% with irradiation) (Fig 1B).

Fig 1. The direct and photodynamic effects of toluidine blue O on ATP synthesis by
phosphorylating rat liver mitochondria. Mitochondria were incubated as explained in the
Materials and methods section in a reaction medium containing 10 mM glutamate plus 10
mMmalate (A) or 10 mM succinate plus 5 μM rotenone (B), and ADP. Each datum point is
the mean of 5–7 independent experiments and the bars are the standard errors of the
mean. *p < 0.05, ANOVA with post hoc Dunnett's test.

Fig 2. The direct effects of toluidine blue O (TBO) on gluconeogenesis from lactate (2.0
mM) and pyruvate (0.2 mM) in perfused livers isolated from overnight-fasted rats. Time
courses of the effects produced by 40 μM AB for oxygen consumption and glucose
production. Lactate and pyruvate were infused at 10–70 min and TBO was infused at 30–
50 min, as indicated by the horizontal bars. Each experimental point is the mean ± standard
error of the mean of 3–6 independent experiments. Asterisks indicate a statistical
significance in comparison with the control condition as revealed by ANOVA with post hoc
Dunnett's test (p < 0.05).

Introduction
Toluidine blue O (TBO) has been studied due to its applicability as a photosensitizer (P)
in photodynamic therapy (PDT), an ascension modality for the treatment of some types
of cancer [1]. The interaction between the photoactivated P and oxygen results in the
formation of reactive species of oxygen, which are responsible for promoting cytotoxic
effects on the target cells [2]. Previous studies performed by our research group
indicated that TBO inhibits mitochondrial oxidative phosphorylation, which can
compromise diverse biosynthetic pathways. Thus, the present study aimed to evaluate
the direct and photodynamic effects of TBO (40 µM) on the ATP biosynthesis rate in
isolated mitochondria. In addition, the intrinsic effects of TBO on hepatic
gluconeogenesis, a metabolic pathway strictly dependent on ATP were also evaluated.

Materials and Methods
Male Wistar rats (180─280 g) were used for the experiments. Hepatic mitochondria
were isolated by differential centrifugation. Afterward, mitochondria were pre-
incubated for 10 min in the absence or presence of TBO and irradiated (or not) with a
red light-emitting diode system (636 nm, 2.6 mW ´ cm2), thus providing a dose of
energy (fluence) of 1.6 J ´ cm-2. Subsequently, mitochondrial ATP biosynthesis rate was
measured in intact coupled mitochondria (3.33 mg protein ´ mL-1), in the presence of
succinate (10 mM) and rotenone (5 µM) or malate (10 mM) and glutamate (10 mM),
and ADP (1 mM). The ATP produced was quantified by high-performance liquid
chromatography at 254 nm. Liver perfusion was executed using 12 h fasted rat livers.
Lactate (2 mM) and pyruvate (0.2 mM) were used as the gluconeogenic substrates.
Glucose production was evaluated enzymatically and oxygen consumption was
measured polarographically.

Abstract
Toluidine blue O (TBO) has been studied due to its applicability as a photosensitizer (P)
in photodynamic therapy (PDT). The present study aimed to evaluate the direct and
photodynamic effects of TBO (40 µM) on the ATP biosynthesis rate in isolated
mitochondria, and the intrinsic effects of TBO on hepatic gluconeogenesis. Male Wistar
rats were used for the experiments. Hepatic mitochondria were isolated and pre-
incubated for 10 min in the absence or presence of TBO and irradiated (or not) with a
red light-emitting diode system. Mitochondrial ATP biosynthesis rate was measured in
intact coupled mitochondria in the presence of succinate and rotenone or malate and
glutamate, and ADP. The ATP produced was quantified by high-performance liquid
chromatography at 254 nm. Liver perfusion was executed using 12 h fasted rat livers,
and lactate and pyruvate were used as the gluconeogenic substrates. Glucose
production was evaluated enzymatically, and oxygen consumption was measured
polarographically. The results show that the biosynthetic rate of ATP on isolated
mitochondria was inhibited in all conditions. TBO also progressively inhibited
gluconeogenesis in hepatic perfusion experiments. In conclusion, TBO affects the ATP
production and consequently inhibits gluconeogenesis.


