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Research on cadmium poisoning and detoxification based on

microfluidic chip — nematode modeling *

XUE Xue, DENG Li —fen, CHEN Liu — sheng, CAI Zi —you™

( Guangdong Food and Drug Vocational College, Guangzhou 510520, China)

Abstract Objective: To study the toxicity of heavy metal cadmium and screen detoxification drugs base on Cae-
norhabditis elegans. Methods: The microfluidics chip technology was used as the drug screening platform. The
96 — well plate exposure pretest was used, and K — medium blank group was set up. The exposure group consisted
of nematodes exposed to heavy metal cadmium at the environmental relevant concentration of 0. 25 —15. 0 g + mL
after homogenization. Vitamin C and calcium disodium ethylenediamine tetraacetate were selected as detoxification
group. (10 £2) nematodes were added into each orifice plate. The number of nematodes was observed and recor-
ded under a microscope, and paid attention to the changes in the structure of the vulva. The experimental data
were processed and analyzed by origin 2019b software. Results: Compared with blank group, the fatality rates of
C. elegans in exposed group were respectively 0% , 1.67% , 4.76% , 67.46% , 100% and 100% at 0. 25,
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1.50, 5.0, 10.0, 12.5, 15.0 pg - mL " concentration, compared with blank group. The structure of the nema-

tode vulva was deformed, from slight protrusion to severe protrusion, and even a tuberous protrusion, and finally

ruptured. The mortality of detoxification group was reduced to different degrees compared with exposure group.

Conclusion; Compared with blank control group, with the increase of cadmium exposure concentration and expo-

sure time, cadmium can inhibit the survival of C. elegans, and damage the structure of C. elegans vulva to var-

ying degrees. The results of detoxification group showed that vitamin C had little detoxification effect on cadmium.

The complexation of calcium disodium ethylenediamine tetraacetate with cadmium could prolong the survival time

of C. elegans to a large extent.

Keywords: Caenorhabditis elegans; cadmium poisoning; vitamin C; calcium disodium ; ethylenediamine tetraace-

tate ; microfluidic chip; detoxify; drug screen
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Tab.1 Drugs for preventing and treating cadmium poisoning and their mechanism of action

B 16 25%) ( preventive )

YE ML ( mechanism of action)

EDTA %43 ( EDTA complexing agent)
2 il ( zinc and selenium)

4E ( calcium)

41 % 2 (vitamin)

T HE 51 (astragalus injection)

SERIE 4 A Y HE RSP (forming a complex with cadmium excreted from the body)
Tl /i B AR 4345 (reducing the distribution of free cadmium )

B AE LIRS 1B AR (reduce the accumulation of cadmium in the body tissue)
&G AYHEN 2 (increasing the excretion of cadmium)

FEAR 1L 5% & & (increasing the excretion of cadmium)
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Fig.1 Purified Escherichia coli
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Fig.2 Nematodes treated in assimilation period
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Fig.3 Observe 96 — well plate under microscope
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Fig.4 Microfluidic chip device to build physical diagram
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Fig. 5 Lethal rate of nematodes exposed to cadmium at different

time and concentration
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Tab. 2 Lethal situation of nematodes under different time — concentration

Cd ¥R LBGEE(AR) 3 hEri 6 h FET- I 2 hgtrdde 24 hzErhde 48 hEroH 72 hAETo AU
(concentration of (nematode (3 h number of (6 h number of (12 h number of (24 h number of (48 h number of (72 h number of
Cd)/(pg - mL™") population ) dead insects) dead insects) dead insects) dead insects) dead insects) dead insects)
0 130 0 0 0 0 0 0
0.25 123 0 0 0 0 0 0
L5 120 0 0 0 2 5 12
5 126 0 0 0 6 25 78
10 126 26 39 61 85 106 126
12.5 125 78 101 118 125 125 125
15 120 120 120 120 120 120 120

E6 24 h=HHALHPAILEN

Fig.6 Structure of vulva of nematodes in 24 h blank group
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a. 0.25pg-mL™" b 1. 5Spg-mL™" ¢ 5pg-ml”!

d. 10 pg - mL™! e 12.5 e - mL™' f 15 g - mlL !

E7 24 h ARRERBE TERBIEMHEN
Fig.7 Changes of Nematodes vulva structure under different con-

centrations of cadmium exposure for 24 h
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Fig.8 Changes of mortality rate under the action of drugs for 24 h
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Fig.9 Changes of mortality rate under the action of drugs for 48 h
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