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Abstract: Inductively coupled plasma mass spectrometry (ICP-MS) was applied to determine the concentra-
tions of lead (Pb), cadmium (Cd) and arsenic (As) in Lindera aggregata (Sims) Kosterm. The physiologically
based extraction test (PBET) digestion in vitro/Caco-2 cell model was established to investigate the bioaccessible
contents of Pb, Cd and As in decoction of Lindera aggregata (Sims) Kosterm. The target-organ toxicity dose modi-
fication of HI method (TTD) was used to evaluate the cumulative risk caused by the combined exposure of the total

levels of Pb, Cd and As in Lindera aggregata (Sims) Kosterm. and the bioaccessible contents in the decoction. The
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results showed that the total contents of Pb, Cd and As in 4 batches of samples were in the range of 2.901-3.872,
1.299-1.800 and 0.062-0.216 mg-kg"', respectively. After transportation by Cacco-2 cells, the bioaccessible contents
of Pb, Cd, and As in the decoction were in the range of 0.045-0.080, 0.070-0.112 and 0.004-0.018 mg-kg". The
results of risk assessment showed that calculated by the total amounts of heavy metals in the Lindera aggregata

(Sims) Kosterm., for the end points of nervous system, the cumulative risks of co-exposure of heavy metals in

3 batches of samples were of concern. After decoction and transportation by Caco-2 cells, for the end points of

cardiovascular system, blood, nervous system, kidney and testis, the TTD modification of HI values of all batches

of samples were less than 1, and the health risks were acceptable. The study provided methodology basis for a

more objective assessment of the health risks of heavy metals and harmful elements in traditional Chinese

medicine and for a more scientific limit standard of heavy metals and harmful elements.

Key words: Lindera aggregata (Sims) Kosterm.; decoction; PBET digestion in vitro/Caco-2 cell model;
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Table 1 Sample information in the present study

No. Batch No. Location Source
1 ZJ-1 Zhejiang Pharmacy
2 ZJ-2 Zhejiang Production site
3 FJ-1 Fujian Pharmacy
4 JX-1 Jiangxi Pharmacy
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Figure 1 The bioaccessible and total results (mg-kg™") of Pb, Cd

and As in decoction of Lindera aggregata (Sims) Kosterm.

Table 2 The total contents of Pb, Cd and As in Lindera aggregata (Sims) Kosterm. and bioaccessible contents in the decoction of samples.

n=2x%s
0 Bioaccessible content in gastric phase Bioaccessible content after transportation by

Batch Total content/mg-kg R 0

No. /mg-kg Caco-2 cells/mg-kg

Pb Cd As Pb Cd As Pb Cd As

ZJ-1 3.872+0.08 1.648+0.11 0.216+0.02 0.446+0.13  0.293+0.03 0.068+0.01  0.067+0.01  0.093+£0.02 0.017 £0.01
ZJ-2 3.273+0.22 1.800+0.05 0.222+0.01 0.507+0.18 0.221+0.03 0.060+0.01  0.042+0.01 0.086+0.02 0.018 +0.01
FJ-1 3.047+0.10 1.759+0.19  0.065+0.01 0.355+0.15 0.279+0.02 0.011+0.01 0.080+0.01 0.070+0.01  0.006 +0.01
IX-1 2901 +0.16 1.299+0.18 0.062+0.01 0.604+0.17 0.152+0.01  0.009+0.01 0.049+0.02 0.112+£0.04 0.004 +0.01
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Figure 2 The cumulative risk assessment results of Pb, Cd and As in 4 batches (ZJ-1, ZJ-2, FJ-1, JX-1) of raw material (A) and decoction
(B) of Lindera aggregata (Sims) Kosterm. based on target-organ toxicity dose (TTD) modified hazard quotients (HQs)

Table 3 Cumulative exposure assessment results of Pb, Cd and As in Lindera aggregata (Sims) Kosterm. based on target-organ toxicity

dose (TTD) modified hazard quotient (HQ). HI: Hazard index

Based on total contents Based on bioaccessible content
Batch No. Target organ
HQof Pb  HQofCd HQ ofAs HI HQ of Pb HQ of Cd HQ of As HI
yAR Cardiovascular system 0.35 0.04 0.08 0.47 0.01 2.18x107 6.65x107 0.01
Blood 0.11 0.24 0.04 0.39 1.87x10° 0.01 3.33x10° 0.02
Nerve 0.11 0.97 0.08 1.16 1.87x10° 0.05 6.65x107 0.06
Kidney 0.76 0.23 2.82x10™ 0.99 0.01 0.01 2.22x10° 0.03
Testes 0.03 0.06 0.08 0.09 4.71x10* 3.64x10° 6.65%10° 4.11x10°
Z7J-2 Cardiovascular system 0.30 0.04 0.09 0.42 3.79x10° 2.01x107 6.85x10° 0.01
Blood 0.09 0.26 0.04 0.40 1.17x10° 0.01 3.42x10° 0.02
Nerve 0.09 1.06 0.09 1.23 1.17x10° 0.05 6.85x10° 0.06
Kidney 0.64 0.25 2.89x10™ 0.90 0.01 0.01 2.28x10° 0.02
Testes 0.02 0.07 0.09 0.09 2.95x10™ 3.35x10° 6.85x10° 3.64x10°
FJ-1 Cardiovascular system 0.28 0.04 0.03 0.34 7.21x10° 1.64x10° 2.35x107 0.01
Blood 0.09 0.26 0.01 0.36 2.23x10° 0.01 1.17x10° 0.01
Nerve 0.09 1.03 0.03 1.14 2.23x10° 0.04 2.35x10° 0.05
Kidney 0.60 0.25 8.48%10° 0.85 0.02 0.01 7.83x10° 0.03
Testes 0.02 0.07 0.03 0.09 5.61x10™ 2.74x107 2.35x10° 3.30%x10°
JX-1 Cardiovascular system 0.26 0.03 0.02 0.32 4.44x10° 2.64x107 1.66x10° 0.01
Blood 0.08 0.19 0.01 0.28 1.37x10° 0.02 8.28x10" 0.02
Nerve 0.08 0.76 0.02 0.87 1.37x10° 0.07 1.66x10° 0.07
Kidney 0.57 0.18 8.15x10° 0.75 0.01 0.02 5.52x10° 0.03

Testes 0.02 0.05 0.02 0.07 3.45x10" 4.40x10° 1.66x10° 4.75x10”
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