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Effects of reclaimed water on gene transcription of the hypothalamus-
pituitary-thyroid axis in zebra fish larvae (Danio rerio)

YANG Ruiquan, YE Ting, FENG Xue, XIAO Jiemei, LI Mian, YANG Daxing & LI Can

College of Biology and Environmental Engineering, Guiyang University / Guizhou Provincial Key Laboratory for Rare Animal and

Economic Insects of the Mountainous Region, Guiyang 550005, China

Abstract There are many trace endocrine disrupting compounds in reclaimed water, and it can be potentially
harmful to aquatic organisms. Therefore, to investigate the effects of reclaimed water on thyroid endocrine
disruption at molecular level in zebra fish, zebra fish larvae were used as the research object in this study.
Zebra fish larvae were exposed to reclaimed water for 3 to 7 days and then recovered in clean water for 7 days.
Quantitative real-time polymerase chain reaction was used to measure the transcription levels of key genes in
the hypothalamus-pituitary-thyroid (HPT) axis. Results showed that compared with that of the control group,
the survival rate of zebra fish larvae was not significantly affected by reclaimed water exposure. Compared with
those of the control group, the transcription levels of Trh, Dio2, Thra, and Thr3 genes of zebra fish larvae were
significantly increased (P < 0.05) and the transcription levels of Dio1 gene was significantly decreased (P < 0.05)
after reclaimed water exposure for 3 days. After reclaimed water exposure for 7 days, the transcription levels of
Trh, TshB, Dio2, Nis, and Thr genes were significantly decreased (P < 0.05), and the transcription levels of Dio1
and Thra genes were extremely down-regulated (P < 0.01) compared with the those of the control group in zebra
fish larvae. After tap water recovery for 7 days, the transcription levels of Trh, Dio1, Dio2, Nis, Thra, and Thrf3
genes were not significantly changed compared with those of the control group (P > 0.05), but the transcription
levels of TshB was significantly decreased (P < 0.05) in zebra fish larvae. In conclusion, reclaimed water affected
the transcription levels of HPT axis-related genes in zebra fish larvae. The effects of reclaimed water on HPT axis-
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related genes in zebra fish larvae were recovered after tap water exposure. This study provides a theoretical basis
for ecotoxicity effect and risk assessment of endocrine-disrupting chemicals in reclaimed water.
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Fig. 1 Survival rate of zebra fish larvae after exposure to tap
water control group (C) and reclaimed water treatment group (RW)
at different time.
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Table 1 Nucleotide sequence of primers used for quantitative real-time PCR

HEH Gkl Gkl SIS PR
Gene Sense primer (5’ to 3') Antisense primer (5' to 3') GenBank accession No. Size (bp)
Trh TGGAGCCGGAGGTGAAGA GCAGTGGGGTCCTCTAGCAT NM_001012365.2 91
TshB AGGTTGCCGTGCCTATGTG GGACCCACCAACTCCTTTATGT NM_181494.2 145
Nis TGGTTGGTGTGGTGGTCAGTTA GCATCGCAGGGCTTTTGTT NM_001089391.1 100
Dio1 GGTGGTGGATGAGATGAACAAC TCCGATGCCTCCCTGATAGA NM_001007283.1 106
Dio2 ATTTCTCCTTGCCTCCTCAGTG GCCACCTCCGAACATCTTTAAG NM_212789.3 171
Thra GGCTCGGAGTGGTTTCTGA CTTGCGGTGGTTGATGTAGTG NM_131396.1 200
ThrB AGCGTTGTCAGGAGGAGTTTC GATTGGATTGCCATCAGTCTTC NM_131340.1 222
B-actin TCTGGCATCACACCTTCTACAAT TGTTGGCTTTGGGATTCAGG AF057040.1 91
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Fig. 2 Effect of reclaimed water exposure on hypothalamus-pituitary-thyroid (HPT) axis related gene transcription levels in zebra fish
larvae for 3 days. * P < 0.05, indicating significant differences between the treatment group and the control group. ** P < 0.01, indicating extremely
significant differences between the treatment group and the control group. C: Tap water control group; RW: Reclaimed water treatment group.
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Fig. 3 Effect of reclaimed water exposure on hypothalamus-pituitary-thyroid (HPT) axis related gene transcription levels in zebra fish
larvae for 7 days. * P < 0.05, indicating significant differences between the treatment group and the control group. ** P < 0.01, indicating extremely
significant differences between the treatment group and the control group. C: Tap water control group; RW: Reclaimed water treatment group.
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Fig. 4 Effect of tap water recovery on hypothalamus-pituitary-thyroid (HPT) axis related gene transcription levels in zebra fish larvae
for 7 days. * P < 0.05, indicating significant differences between the treatment group and the control group. ** P < 0.01, indicating extremely
significant differences between the treatment group and the control group. C: Tap water control group; RW: Reclaimed water treatment group.
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