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Abstract: Objectives To establish a static gut-liver in vitro model to simulate the absorption process and hepatotoxic effects after
administration of acteminophen (APAP). Methods Human colon cancer cell lines Caco-2 and HT29-MTX-E12 were used to
construct an intestinal model in Transwell, and the transepithelial electrical resistance (TEER) per unit area was measured.
Hematoxylin-eosin (HE) staining and alcian blue (AB)-periodic acid-Schiff (PAS) staining were used to observe the intestinal structure.
Immunofluorescence was used to detect tight junction proteins Occludin and zonula occludens-1 (ZO-1), transporters multidrug
resistance protein 1 (MDR1) and multidrug resistance-associated protein 2 (MRP2), and mucin 2 (MUC?2) to verify the integrity of the
model and the expression of transport proteins. The intestinal model was co-cultured with human hepatoma cell line HepG2 to establish
an intestinal-liver model, which was continuously cultured for 9 d. TEER was measured daily during the culture period. The levels of
total adenosine triphosphate (ATP), lactate dehydrogenase (LDH), aspartate aminotransferase (AST), alanine aminotransferase (ALT),
and albumin (ALB) secreted by the single liver model (cultured HepG2 cells alone), intestinal model, and intestinal-liver model were
determined by kits. The cytotoxicity of APAP to Caco-2 and HepG2 cells was detected by CCK-8 assay. The liver toxicity caused by
oral APAP was simulated in the intestinal-liver model. On the second day of co-culture, the intestinal-liver model was divided into
three groups: the control group was given drug-free medium,; the intestinal absorption group was given 12 mmol-L™! APAP from the
intestinal chamber and blank medium from the liver chamber, with an expected final concentration of 3 mmol-L™" in the liver chamber
after drug equilibration; the APAP group was given 3 mmol-L™! APAP from both the intestinal and liver chambers. The drug
concentration in the liver chamber was determined by high-performance liquid chromatography. TEER was measured and cell viability
was determined using the Cell Titer Glo kit 48 h after drug administration. AST, ALT, and ALB secretion levels were detected by kits.
Reactive oxygen species (ROS) and mitochondrial membrane potential (MMP) staining were performed on the liver chamber of the
model. Results The established intestinal model had an intact barrier structure on the 14th day, with Occludin and ZO-1 presenting
a reticular distribution, and MDR1 and MRP2 distributed on one side. HT29-MTX-E12 cells secreting mucin were still present on the
21st day. In the static intestinal-liver model, the number of intestinal cells was stable, and the number of liver cells continued to increase.
The liver function and cell viability were maintained well in the first 5 days of co-culture, making it suitable for toxicity testing. The
CCK-8 results showed that APAP was more toxic to HepG2 cells than Caco-2 cells, and 3 mmol-L™! was selected as the final
concentration for APAP testing. After 48 h of APAP treatment, there was no significant decrease in cell viability and TEER in the
intestinal absorption group, and the drug concentration in the liver chamber increased slowly, reaching the maximum concentration of
(2.90 + 0.05) mmol-L™" at 48 h. Compared with the control group, the cell survival rates in the intestinal absorption group and the
APAP group were significantly decreased (P < 0.01), and APAP caused an increase in liver toxicity markers AST, ALT, and ROS
signals, and a decrease in liver function markers ALB and MMP. Compared with the APAP group, the cell survival rate in the intestinal
absorption group was slightly increased, and the degree of marker changes was slightly lower. Conclusion The intestinal-liver in
vitro model can be used for drug hepatotoxicity testing, and the presence of the intestinal model reduces the liver toxicity induced by
APAP by affecting drug exposure.
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Fig. 7 Toxicological assessment of APAP following oral absorption in gut-liver model ( X s, n=3)
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