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Abstract: To investigate the oral bioaccessible contents of lead (Pb) and arsenic (As) in the animal-derived
traditional Chinese medicine earthworm and to assess the associated health risks, the contents of Pb and As in
earthworm were determined by inductively coupled plasma mass spectrometry (ICP-MS). An in vitro digestion/
intestinal organ-on-a-chip model suitable for the matrix of traditional Chinese medicine was established for the first
time to simulate the gastrointestinal digestion and absorption processes of Pb and As from earthworm, and their
bioaccessible contents was determined. The health risks were assessed using the hazard index (HI) method based

on both the total contents and the bioavailable contents of the heavy metals. The results indicated that the total
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contents of Pb and As in 9 batches of earthworm ranged from 0.16-12.10 and 0.15-1.20 mg-kg", respectively.

After transported by the intestinal organ-on-a-chip, the bioavailable concentrations ranged from 0.02-0.92 mg-kg’'
for Pb and 0.01-0.09 mg-kg™ for As. The risk assessment based on total contents revealed that the HI for Pb and As
in multiple batches exceeded 1, indicating an unacceptable risk. In contrast, the HI values based on bioavailable

concentrations were all below 1, suggesting an acceptable risk. The in vitro digestion/intestinal organ-on-a-chip

model established in this study for the first time can more accurately reflect the actual exposure risk of heavy

metals in traditional Chinese medicine following oral intake, providing a methodological foundation for the safety

evaluation and standard setting of traditional Chinese medicines.
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Table 1 Sample information in the present study

No. Batch No. Location Source
1 SH-1 Shanghai Pharmacy
2 SH-2 Shanghai Pharmacy
3 FI-1 Fujian Pharmacy
4 FJ-2 Fujian Production site
5 FI-3 Fujian Pharmacy
6 GD-1 Guangdong Production site
7 GD-2 Guangdong Pharmacy
8 GX-1 Guangxi Production site
9 GX-2 Guangxi Production site
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Figure 1 Changes in TEER and P, of Lucifer yellow across the
intestinal barrier before and after differentiation. A: Changes in
TEER; B: Changes in P

lial electrical resistance; P Apparent permeability

of Lucifer yellow. TEER: Transepithe-

app
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Figure 2 Changes in the expression of metabolism-related
enzymes in intestinal absorptive cells before and after intestinal
barrier differentiation. ALPI: Alkaline phosphatase, intestinal;
MUC?2: Mucin 2, oligomeric mucus/gel-forming; SI: Sucrase-iso-
maltase; LGR5: Leucine-rich repeat-containing G-protein coupled
receptor 5; CYP3A4: Cytochrome P450 family 3 subfamily A
member 4; CYP2C9: Cytochrome P450 family 2 subfamily C
member 9; CHGA: Chromogranin A; LYZ: Lysozyme; CES2:
Carboxylesterase 2; UGT1Al: UDP glucuronosyltransferase 1
family, polypeptide Al; UGT1A10: UDP glucuronosyltransferase 1
family, polypeptide A10
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Table 2 The total contents (mg-kg") of Pb and As in earthworm and bioaccessible contents in the gastric phase (A), and bioavailable

contents after transportation by organoid (B). n =2, x £ s

Total content A B
Batch No.
Pb As Pb As Pb As
1 0.16 +0.02 0.39 +0.02 0.09+0.12 0.11+0.01 0.03 +0.01 0.02 + 0.006
2 12.10+0.82 0.23 £0.02 3.21+0.38 0.09 £0.01 0.92 £ 0.11 0.01 +0.004
3 0.26 + 0.04 0.65 +0.02 0.08 +0.02 0.22 +0.08 0.08 +0.01 0.04 +0.01
4 0.31 +0.06 0.31+£0.01 0.21 £0.01 0.12 +£0.02 0.06 +0.02 0.02 +0.003
5 0.45 +0.02 0.15+0.02 0.27 £0.01 0.06 +0.02 0.05 +0.02 0.01 +£0.001
6 0.22+0.01 0.16 £ 0.03 0.09 +0.01 0.05+0.01 0.02 +0.01 0.01 +0.002
7 4.05+0.13 0.64 +0.08 1.13£0.01 0.12 £0.03 0.26 + 0.06 0.04 + 0.004
8 7.77 £0.23 1.20 £ 0.04 2.25+0.01 0.09 +0.03 0.57+0.08 0.09 = 0.008
9 1.05 +0.09 0.67 £0.01 0.75+£0.01 0.25 +0.04 0.08 +£0.01 0.03 +0.005
Table 3 Risk assessment results of Pb and As in earthworms. HI: Hazard index; Exp: Daily exposure, pug-kg”
Batch No. Based on total contents Based on bioavailable contents
Exp of Pb HI of Pb Exp of As HI of As Exp of Pb HI of Pb Exp of As HI of As
1 0.04 0.10 0.09 291 0.01 0.02 0.004 0.15
2 2.71 7.73 0.05 1.71 0.21 0.59 0.002 0.07
3 0.06 0.17 0.15 4.85 0.02 0.05 0.009 0.30
4 0.07 0.20 0.07 231 0.01 0.04 0.004 0.15
5 0.10 0.29 0.03 1.12 0.01 0.03 0.002 0.07
6 0.05 0.14 0.04 1.19 0.00 0.01 0.002 0.07
7 091 2.59 0.14 4.77 0.06 0.17 0.009 0.30
8 1.74 4.97 0.27 8.95 0.13 0.36 0.020 0.67
9 0.23 0.67 0.15 4.99 0.02 0.05 0.007 0.22
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