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Abstract
Triclocarban (TCC) is a polychlorinated aromatic antimicrobial that is present in

personal care products. TCC has been shown in several studies to be harmful to

the biological system [1,2,3]. To further elucidate the effects of TCC on liver

metabolism, isolated liver perfusion can provide insights into the actual impact

of TCC on liver tissue. The catabolic and anabolic pathways, through lactate,

were measured, and the results should provide additional information about

the interactions of TCC with intact liver cells. As a result Triclocarban inhibited

gluconeogenesis which is a pathway highly dependent on the availability of

mitochondrially generated ATP. In addition, Triclocarban stimulated the

glycolytic and glycogenolytic pathways, which are compensatory phenomena

for inhibiting mitochondrial ATP synthesis. Confirming this association, TCC

reduced the mitochondrial ATP content in a situation where the mitochondrial

respiratory chain is the primary source of this compound. Therefore, we can

suggest that TCC has mainly the electron transport chain as its mechanism of

action, having an uncoupling effect with a reduction in energy efficiency. With

that, the ATP contents fall, compromising the glucose synthesis in the presence

of the substrates. Thus, compensatory mechanisms are stimulated to synthesize

ATP, such as glycolysis and glycogenolysis.
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Introduction
Triclocarban (3,4,4'-trichlorocarbanilide or TCC) is a polychlorinated

aromatic antimicrobial (figure 1) that is present in personal care products. The

recent increases in its use, together with the analogue Triclosan, has caused

widespread environmental contamination, as well as the population human [4].

Furthermore, TCC has been shown in several studies to be harmful to the

biological system [1,2,3].

Triclocarban has been shown to affect liver homeostasis, including leading

to lipogenesis, in addition to inhibiting aerobic glycolysis, stimulating anaerobic

glycolysis and gluconeogenesis, and accelerating the β-oxidation of fatty acids

and the TCA cycle [2,5]. In order to try to further elucidate the effects of TCC

on liver metabolism, isolated liver perfusion can bring us a clearer view of the

real effect of TCC on liver tissue, as this experiment manages to show the

effects of TCC on the organ whole, in which microcirculation and cell polarity

are preserved, in addition to cell integrity. The carbohydrate catabolic and

anabolic pathways were measured and the results should provide additional

information on TCC interactions with intact liver cells.
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Materials and methods

The liver perfusion apparatus was built in the workshops of the

University of Maringá. Triclocarban was from Sigma-Aldrich Co (St. Louis,

USA). Enzymes and coenzymes used in the enzymatic assays were also

purchased from Sigma-Aldrich Co (St. Louis, USA). All other chemicals

were from the best available grade (98–99.8% purity).

Therefore, this study investigated the actions of TCC 75 uM on

gluconeogenesis. Male Holtzman rats weighting 200-250 g (60 days old)

were used in all experiments. Gluconeogenesis was assessed of rats using

livers perfused with Krebs-Henseleit buffer and lactate as substrate. The

liver oxygen uptake was monitored by polarography and glucose and

pyruvate production was measured using enzymatic assays. Glycolysis and

glycogenolysis occurred similarly to gluconeogenesis, but with the animal

fed and without infusing substrate. The hepatic contents of the adenine

mononucleotides were measured after freeze-clamping the perfused liver

with liquid nitrogen. The freeze-clamped livers were extracted with

perchloric acid. The pH of the extract was neutralized with K2CO3 and

AMP, ADP, and ATP were assayed by means of high-performance liquid

chromatography (HPLC) (Mito et al., 2014)

Results
The figure 2 shows the results of the effect of 75 uM Triclocarban on

hepatic gluconeogenesis in the presence of 2mM of lactate, the latter
was used as gluconeogenic substrate. For this, livers of rats fasting for
about 18h were used, which minimizes the effects of glycogen
catabolism. Under these conditions, glucose production very closely
reflects the gluconeogenic activity of the liver. Figure 2 shows the time
course of the changes caused by the 75 uM TCC.

Figure 2: Time course of the effects of 75 µM TCC on lactate gluconeogenesis and related
parameters. Livers of 18-hour fasted rats were perfused as described in the Materials and
Methods section. The effluent perfusate was collected at 2-minute intervals and analyzed
for the determination of glucose and pyruvate. Oxygen consumption was monitored
continuously, polarographically. Each reference point represents the average of 3 liver
perfusion experiments. Bars are standard errors of the mean. The time periods for TCC and
lactate infusions are indicated by the boxes next to the time scale

From time 36 onwards, 75 uM TCC is infused, and we can initially observe a
transient increase, followed by a progressive decrease in glucose production.
For the production of pyruvate, we observed a small inhibition and oxygen
consumption, we observed a slight stimulus. After stopping TCC infusion, at
time 56, the inhibitory effect on glucose production remains constant until the
end of the perfusion. However, the production of pyruvate increased again at
the end of the TCC infusion and, in oxygen consumption, no changes were
observed after 56 minutes.

We evaluated the effects of TCC on glycogen catabolism and glycolysis.
Under these conditions, the liver releases glucose, lactate, and pyruvate as a
result of glycogen catabolism. Figure 3 represents the effects of 75 uM
Triclocarban on the production of glucose, pyruvate, lactate and O2
consumption throughout the perfusion. After a 10 min pre-perfusion period,
TCC was infused for 20 min, followed by another 10 min drug-free infusion.

75 uM TCC promoted a progressive increase in glucose production and
oxygen consumption throughout the TCC infusion period. After stopping the
drug infusion, both glucose production and oxygen consumption remained
stimulated until the end of the infusion. At this concentration, we also
observed a slight stimulus in the production of lactate at the end of the TCC
infusion, and this value was maintained even after stopping the infusion of the
same. Pyruvate, on the other hand, was slightly inhibited during the period of
drug infusion, and this inhibition was completely reversed after the end of
drug infusion.

Figure 3:Time course of changes caused by 75 µM TCC in glycogen catabolism and related
parameters in perfused liver of fed rats. Livers from fed rats were perfused as described in the
Materials and Methods section. Effluent perfusate was collected at 2-minute intervals and analyzed for
glucose, lactate and pyruvate. Oxygen consumption was followed polarographically. Each reference
point represents the average of 3 liver perfusion experiments. Bars are standard errors of the mean.
The time period for TCC infusion is indicated by the box next to the time scale

The contents of adenine mononucleotides (ATP, ADP and AMP) were
evaluated to know the effects of TCC on the energetic state during perfusion. The
results are shown in Figure 4, where a clear reduction in ATP contents, 37.98%,
caused by TCC 75 uM can be seen. In the AMP contents there was an increase,
48.88% by TCC, in relation to control livers. TCC did not affect ADP contents.

Figure 4: Adenine mononucleotide content in fasted rat livers and the effect of TCC. Fasting rat livers
were perfused in an open system as described in the Materials and Methods section. Values are
means ± SEM. Asterisks indicate statistical significance compared to the fasting control condition, as
revealed by the unpaired t-test. *p<0.05.

Conclusion

Triclocarban does affect liver metabolism. We can suggest that TCC has as its
mechanism of action mainly the electron transport chain, reducing energy
efficiency. With that, the ATP contents fall, compromising the glucose synthesis in
the presence of the substrates. Thus, compensatory mechanisms are stimulated
to synthesize ATP, such as glycolysis and glycogenolysis.

Figure 1: Chemical structure of Triclocarban (TCC)
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