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Three-dimensional liver-on-a-chip model for hepatotoxicity
screening of traditional Chinese medicine
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Abstract: A high-throughput three-dimensional (3D) hepatocyte culture model is constructed in this study. It
is capable of replicating the 3D in vivo environment and offers the advantages of high throughput, enhanced
reproducibility, low cost, and simplified operation, rendering a valuable tool for hepatotoxicity screening of
traditional Chinese medicine (TCM). First, we constructed the 3D high throughput liver chip model using collagen
hydrogel. The precision and its difference with traditional cell culture plates were assessed using acetaminophen,
Tripterygium hypoglaucum, and Qili San as the references. The feasibility of this model was also investigated by
comparing the hepatotoxicity among four batches of 7. hypoglaucum and Qili San. The methodology verification
shows that the 3D hepatocyte model is better than traditional two-dimensional (2D) cell culture model in precision
and feasibility. Subsequently, we compared the hepatotoxicity of different samples over a period of three or seven
days and found that the hepatotoxicity of TCM extracts increased over time. Finally, we compared the
hepatotoxicity of T hypoglaucum and its compound formula Kunxian capsule under equivalent concentration. The
results showed that the compound Kunxian capsule could significantly reduce hepatotoxicity of 7. hypoglaucum.
Generally, we constructed a high-throughput, robust 3D liver-on-a-chip model with the potential of rapid assessing
TCM-induced liver toxicity.
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Figure 1 Schematic illustration of the chip. A: Schematic illustration of overall structure of the chip; B: Schematic illustration of a single

unit on the chip with HepG2 cultured in three-dimensional (3D) collagen; C: Photograph of the chip; D: A fluorescence image showing 3D

HepG2 stained by a Live/Dead kit. Live cells were stained in green and dead cells were stained in red. Scale bar: 100 pm
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Figure 2 Precision analysis of hepatotoxic drug assessment on the 3D or two-dimensional (2D) model. A-C: Inter day hepatotoxicity
assessment of acetaminophen (APAP), Tripterygium hypoglaucum (KMSHT) and Qili San (QLS) on the 3D model; D - F: Inter day

hepatotoxicity assessment of APAP, KMSHT and QLS on the 2D model; G-1: Standard deviation of inter day hepatotoxicity assessment

with various concentrations on the 3D or 2D model

Table 1 Comparison of inter day precision between the 3D and 2D model for hepatotoxicity assessment
Drug Culture model Date IC,, Average IC,, Inter day SD
APAP 3D 2021.12.10 6.37 mmol-L"! 6.33 mmol-L"! 0.66 mmol-L"!
2021.12.14 5.64 mmol-L"!
2021.12.20 6.97 mmol-L"
2D 2021.12.10 3.75 mmol-L" 5.03 mmol-L" 3.90 mmol-L"
2021.12.14 1.94 mmol-L"
2021.12.20 9.41 mmol-L"!
KMSHT 3D 2021.12.10 12.05 mg-L" 11.94 mg-L"! 1.63 mg-L"
2021.12.14 13.51 mg-L"
2021.12.20 10.26 mg-L"
2D 2021.12.10 2.39 mg-L" 822 mg-L" 5.12 mg-L"
2021.12.14 10.24 mg-L"
2021.12.20 12.02 mg-L"
QLS 3D 2021.12.10 220.73 mg-L" 175.48 mg-L" 50.40 mg-L"!
2021.12.14 184.54 mg-L"!
2021.12.20 121.17 mg-L"!
2D 2021.12.10 188.55 mg-L"! 120.12 mg-L"! 83.35mg-L"
2021.12.14 144.52 mg-L"
2021.12.20 27.30 mg-L"
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Figure 3 Hepatotoxicity evaluation of different batches of KMSHT (A) and QLS (B) on the 3D model
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cent images of cells on the 3D model treated with three concentra-
tions for 3 d. Live cells stained in green and dead cells stained in

red. Scale bar: 100 um
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