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Reproductive toxicity and associated mechanism of tricresyl phosphate on Caenorhabditis
elegans TANG lielin, ZHANG Hongdan, ZHOU Qinyu, LI Jiayi, WANG Tong, ZHANG Juan (Key
Laboratory of Environmental Medicine and Engineering, Ministry of Education/School of Public
Health, Southeast University, Nanjing, Jiangsu 210009, China)

Abstract:

[Background] Tricresyl phosphate (TCP) is mainly used as a flame retardant. Studies have
confirmed that it has cytotoxicity and neurotoxicity, but its reproductive toxicity is not clear.

[Objective] To investigate the reproductive toxicity and potential mechanism of TCP subacute
exposure on Caenorhabditis elegans.

[Methods] Caenorhabditis elegans were exposed to solvent control and 0.1, 1, 10, 100, and
1000 pg-L™ TCP respectively for 72 h. Brood size and number of fertilized eggs in the uterus were
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detected to evaluate reproductive ability. The number of total germline cells and the relative area of gonad arm were measured to
evaluate the development of gonads. The body length and body width of Caenorhabditis elegans were detected to evaluate growth and
development. The activities of reactive oxygen species (ROS) and superoxide dismutase (SOD) in Caenorhabditis elegans, and the
mitochondrial active oxygen metabolism genes (mev-1 and gas-1) of N2 nematodes were detected by real-time fluorescence
guantitative polymerase chain reaction (QRT-PCR) to evaluate oxidative stress. WS1433 transgenic nematodes and wild-type nematodes
N2 were exposed to solvent control or TCP (0.1, 1, 10, 100, and 1000 pg-L™") respectively. DNA damage in germ cells of WS1433
transgenic nematodes was detected, the relative expressions of DNA damage-related genes (hus-1, clk-2, cep-1, and egl-1) in N2
nematodes were detected by qRT-PCR to evaluate the effect of TCP exposure on genetic damage.

Compared with the solvent control group (217.00 + 12.20), the brood size of N2 nematodes in the 100 pg-L™" and 1000 pg-L™
TCP groups decreased (170.80 + 11.51, 169.60 + 10.52, P <0.05). Compared with the solvent control group (18.43 * 1.69), the number of
fertilized eggs of N2 nematodes in the 100 pg-L™" and 1000 pg-L™" TCP groups decreased (13.47 + 0.81, 11.95 + 0.90, P < 0.05). Compared
with the solvent control group (312.46 + 77.4), the number of total germline cells of N2 nematodes in the 100 ug-L™* and 1000 pg:-L™" TCP
groups decreased (281.80 + 12.98, 273.50 + 8.53, P<0.05). Compared with the solvent control group, the relative area of gonads of N2
nematodes in the 100 pg-L™ and 1000 pg-L™" TCP groups decreased by 13.83% and 17.25% respectively (P < 0.05). Compared with the
solvent control group [(1058.10+80.12) pum, (78.21+14.69) um], the body length and body width of N2 nematodes in the 100 pg-L™" and
1000 pg-L™" TCP groups decreased (P<0.05). Compared with the solvent control group, the relative fluorescence intensity of ROS in
nematodes in the 10, 100, and 1000 pg:L™ TCP groups increased significantly (107.60%%1.02%, 105.90%+1.40%, and 106.40%1.85%,
respectively, P<0.05), and the activities of SOD were reduced (by 20.66%, 15.88%, and 16.44%, respectively, P <0.05). Compared with
the solvent control group (1.3+1.3), the number of DNA-damaged germ cells of WS1433 nematodes in the 100 and 1000 pgL™
TCP groups increased significantly (2.4+0.3, 2.7+0.3, P <0.05); the expressions of mev-1 and gas-1 genes in N2 nematodes in the 10, 100
and 1000 pg-L™" TCP groups decreased significantly (P<0.05); the expressions of hus-1 in the 0.1-1000 pg-L™" TCP groups significantly
increased (P <0.05); the expressions of c/k-2 and egl-1 in the 100 and 1000 pg-L™" TCP groups increased significantly (P<0.05); the
expressions of cep-1 in the 1, 10, and 100 ug-L™ TCP groups increased significantly (P < 0.05).

TCP may cause reproductive damage to nematodes through oxidative stress and germ cell DNA damage.

organophosphate esters; Caenorhabditis elegans; reproductive toxicity; DNA damage; oxidative stress
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Takara), TB Green® Premix Ex Tag TM 1 | & (H 7~
Takara) o
1.2 LRMIREESE

N2 EMANIMENERENBERAEBRR
1mL B RES 830 uL Z1E7K. 50 L S| LN
120 uL R SERENER ) , 20 °C FELE 7R, K13 L1 HAL
B, FER 35 mm B9 NGM 1EFECGRE 60 uL K
0P50) _E43%IAAN 200 uL 0.1+ 1. 10, 100, 1000 pg-L™
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500mL, mEXELERBMAN 1molL™ BB B 8
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HELSmLBEBOER, BATNREER M9 & HRE
3 I8, EE S SR 0P50, F 1.5 mL BOETAIN 200 uL
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Table 1 gRT-PCR primer sequences of mitochondrial reactive
oxygen metabolism genes

B35 EM514(5°-3°) RE51#(5-3°)
act-1 ATGTGTGACGACGAGGTT GAAGCACTTGCGGTGAAC
mev-1 TCCCGCTCCTTTGGAACATC GTGGCTGGTAGACGGTGAGA
gas-1 GTCTTCTACTCCTGCCACCC TCAACACGAGACGCAACACT

1.7 SFELAEIRGN

HUS-1::GFP #IA N Bk HH DNA AR E =
EH, A TFEENRRS NEBEMENMAEZ, £
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act-1 ATGTGTGACGACGAGGTT GAAGCACTTGCGGTGAAC
hus-1 GCGGCAATCGACGTGTTTAT CCGGGCAGAACACGTACTAA
clk-2 CACAGTGCCCAACAAAGTCG TGACATGCTCGCCAGACAAT
cep-1 TACCCGATTCGCAGGACATC GCATCGGAAATCTTTGGCGT
egl-1 GCCTCAACCTCTTCGGATCT GCACATTGCTGCTAGCTTGG
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Figure 1 Effect of TCP exposure for 72 h on the reproductive
ability of N2 nematodes
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Figure 2 Effect of TCP exposure for 72 h on the gonadal
development of N2 nematodes
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Figure 3 Effect of TCP exposure for 72 h on the body length and
body width of N2 nematodes
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Figure 4 Effect of TCP exposure for 72 h on oxidative stress of
N2 nematodes

2.5 HEIRHLER
SABTSKFTIEE S AARENR, A EE R
ErIE S, DNA R BRI B X Mg %, H4 1t

FLERNE 5B, SAFIXTIRA(1.3+1.3) 4Lk, TCP &
BRRERE ) 100 A 1000 pg-L™ BF, WS1433 £5 DNA
AN ETE A% E £ F(2.4+0.3, P=0.002; 2.70.3,
P=0.002), &l 5C &7, TCP BEREXRE 0.1, 1. 10,
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Figure 5 Effect of TCP exposure for 72 h on germ cell damage of
nematodes
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