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Abstract; Erythromycin ( ERM ) is a macrolide antibiotic and is widely used to prevent and treat respiratory tract
infections, acute pelvic inflammatory disease, amygdalitis, skin infection, and so on. ERM is of high concern due to their
abundant occurrence in various environmental media and their toxic risk to aquatic organisms. However, knowledge on the
molecular mechanisms of ERM toxicity and its effects on reproduction and growing development output remain scarce. In
order to reveal the ecotoxicological effects of ERM on aquatic organisms, acute toxicity and chronic effects of reproduction,
growth and development were conducted on the standard model organism Daphnia magna. The results of acute toxicity
showed that the LC,, of ERM for the 48 h and 96 h were 315.41 mg/L and 163.08 mg/L, respectively, belonging to low
toxicity under the rules for classification and labelling of chemicals. In this experiment, 0.01%¢ (2 pg/L) and 1% (200
pwg/L) of 96 h-LC,, were selected as the exposure concentrations for ERM chronic toxicity test. During the chronic toxicity
test of 21 days, the ecological behavior indexes related to the growth, development and reproduction of Daphnia magna were

recorded, and the population growth indexes were calculated. At the end of the 21-day exposure, the enzyme activities of
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antioxidant system and neurological system and the expression of genes related to growth, reproduction and metabolism of
Daphnia magna were investigated. Following ERM exposure at concentrations of 2 pg/L and 200 pg/L, phenotypic traits
including growing development ( body length, heart rate, thoracic limb activity) and fecundity ( number of offspring,
number of offspring per brood per female, intrinsic rate of increase) were obviously increased, and swimming activity
(swimming trajectory and swimming speed ) were clearly reduced. Lipid peroxidation malondialdehyde contents were
significantly increased at day of 21, the antioxidant enzymes ( superoxide dismutase and glutathione S-transferase) and
neurotoxic enzymes (acetylcholinesterase) exhibited a trend towards inhibition at higher concentration, suggesting that ERM
could result in oxidative damage and nerve conduction disorder. Upregulation of genes involved in reproductive and
developmental process, including vgl, vig2, jhe, ecrb and cyp314 were observed, meanwhile the genes related to lipid
metabolism and detoxification ( hr96 and P-gp) were clearly inhibited, which regulates the phenotypic traits and
corresponding protein levels of Daphnia magna. The alterations in developmental and reproductive system as well as the
disturbed antioxidant system and neurological system of zooplankton for ERM provides basic data support for revealing the

effects of antibiotics on aquatic organism population stability and ecosystem security.
Key Words:; erythromycin; Daphnia magna; growth and reproduction; anti-oxidation system; ecotoxicity
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http ; //www.ecologica.cn



19 1] XU A £08 R R A Bl A RN PR 3k 10 A 253 AL, 8107

1.3 EME M

FRAE 2 VEREPESC IR 2 R T R ER R 2 /L[ SEDRBE (1.92+0.026) pg/L] 200 wg/L[ SR 2
(194.1+5.8) wg/L] Ak S0 e 24 #5241, [F] i 152 07 7K 25 0 REAE R R0 BRZH.(0.01% L) o 7R 50 mL
TR R TP BEPLCA 1 H 6—24 h @RS, IFIE 20 P47, B THUR B0 S5 50 F ot e i
PCR SE56 I 2 Bk Pt i K, 51> 22 #8 41 7E 1000 mL AR 800 mL %2 8515 W, BEALACE 150 HABFEL) R
(6—24 h) ,WE 3 AFAT, HTHXESEON @ . 2EFWR 21 d, BEE R LI 4 4R fE (21£1)°C,16:8 h
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FHN BB 50 HOKIE AR A R 3—35 min, 85 A -80°C VKA P RAF, A Trizol
AT AL RNA $2HC, J5 H TaKaRa SR SRR &6 EL RNA 1738055 565 B cDNA R J5 HEATHE 4 PCR 97
B, HMZERMES |7 W3R 1, T A 25 RIS EE ] (actin I gapdh) 1) mRNA 7KF-F1 Cq {H#E17 14
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Table 1 Target gene and primer sequence

H 5L A 5% 97 PR S1YP51(5'—3")

Target gene Accession number Regulation Primer sequence (5'—3")

actin AJ292554 WS EER GCCCTCTTCCAGCCCTCATTCT
TGGGGCAAGGGCGGTGATTT

gapdh AJ292555 TGCTGATGCCCCAATGTTTGTTGT
GCAGTTATGGCGTGGACGGTTGT

vgl AB114859 A5 CCGTCGCTGAAGTCATCTTG
ACAGTCTCGGAGCCAATCAA

vig?2 AB252738 CATTTGAGACATGGGCAGAC
GCACAGTCATTACGAGAACG

jhe BJ932560 ERKEH TCTACAACAACCGCACGTT
AATCGCATCTCAGGTGTGG

ecrb AB274824 TCGCCAATAATCTGCCCTAC
GTTCCGAAAAGATGACGATGG

oyp3l4 KC172920 ACTATGTATGGACTTCCCTGGTG
TTATCGCGGGTGTCAACG

P-gp AB257771 fig AR CCACTTGCGTTCAACTTCTTC

fipRE R TTCGCCGATTGATGTTCC
hr96 NC_046179 GTCTGGGAAAGTTTGTGGAGTCT

GAACCTGCGTGAACAGCATCTA

gapdh ; glyceraldehyde-3-phosphate dehydrogenase; vgl: vitellogenin 1; vtg2: vitellogenin 2; jhe: juvenile hormone esterase; ecrb: ecdysone receptor

b; ¢yp314. cytochrome P450 314 family; P-gp: P-glycoprotein; hr96; toxicant nuclear receptor
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FE 10—300 mg/L G5 , RN 75 2 58 Wk B2 35 N, ZET R AN 5 . 25 0T B R 0 % R 4L
FET-H<5% , MR MR BE ZHAE T2 3 R0 B A LU oK DL b 25 4 i Al logistic PRIACHEATAEZE M ML 155
ERM X} K73 48 h-LCy, A 315.41 mg/L,95% & {75 X (] 4y 247.39—398.11 mg/L,96 h-LCy "4 163.08 mg/L,
95% E {5 [X.[8] A 134.80—196.79 mg/L, PARIAFFE A PL ERM X K RIRE () 48 h EAEHE E (48 h-LC,,) M 211
mg/L7" %58 ( Oryzias latipes) 1) 96 h EEFEHE (96 h-LC,, ) KT 100 mg/L 7' TR T RN BRI BT A
BB UER P LR RNRKAIEM 48 h-LC,, M1 96 h-LC,, 5k 60.26 mg/L F139.81 mg/L"" | #R4EL24 2
KHFRZEIIELE 28 FBAF XK A= PR 119 15 3 ( GB 30000.28—2013 ) I TEMEZE L0143 ERM X KB 3% (14 27k
B NAREE
2.2 WPORANEARFH 1Y 52 M
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Pt o3BT LA TG R BB A0 2 BRSPS ERM Ve B 4 0 KR8 1 Jida ™ BBk ] 5 i 7™ A~ 25038 O i 2
SO BRI T KHEER PRI, BHE ERM ZREE R BE ARG N, RANEF- B R G 7 BR AR 21 d 77 R S AL
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Table 2 Influence of ERM on reproductive index of Daphnia magna

LD X B2 ERM-2/ ERM-200/
Index Control group (pg/L) (me/L)

S — A7 BT A] Time to first brood/d 12.00+1.00 12.07+1.44 11.21£1.18
F—JA 72 99%% Number of first brood per female /> 6.50+3.16 5.00+2.77 5.14+2.54
FEBI A% Brood times 2.79+0.80 2.93+1.00 3.77£0.73
FEHI B Total number of offspring/4~ 11.48+3.15 15.44+3.06 17.87+2.69*
P41 77 B %L Number of offspring per brood per female/ 1 4.17£2.11 4.34+2.40 6.28+2.33 "
5% Net reproduction rate/}> 21.56+2.12 36.46+1.12* 42.57+3.12*
JEIPR 3] # The finite rate of increase /(1>/d) 1.13+0.30 1.15+0.24 1.15+0.31
PA 138 K 2K The intrinsic rate of increase/ (1~/d) 0.121+0.02 0.136+0.04 0.139+0.05 *

* FRRAL B SR RREH Y [ P22 5+, P<0.05

M ERM X REGEFPREG AR MR E (£ 2) , R KR A g A8 0B &2k, mIkma
ERM V& Ji 28 5% 24 1o 2 5 T KRR AR B A S T3R50 5K B 69% F1 97% . =i FEZH ERM W35 TH i 1 N 2L
KR X GBI E R RS R ERM B A G S AR RE T, S5 KRR AR
ZIERE BT, FEUEAA T N BALE YK - ZER TR X AR B WK 2 ] S OB B R YUk i AE T, -
A AR R IS a2 TR B R A B TR o 0 i i K TR R i R T R AR
EV ) MAR SEEA R R IR AT 21 18 P 558 S5 ERM K 52 58 ) K TR0 338 4 A= iy J) 400 K tH A g A4 i A e
B K BB 1R T R R AT
2.3 WP RARAE AR KB KA TN 1 R

RS N Bk S A3 R 5 R TR AR £ PP AR P 4300 3R e S g BROIR B 25 DDA G . AT 1
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Fig.1 Effect of ERM on body length, thoracic limb activity, heart rate and swimming speed of Daphnia magna after 21 d exposure
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Fig.3 Effect of ERM on enzyme activities and malondialdehyde content of Daphnia magna after 21 d exposure
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AR B R T R T R R A 05 FE TR A A U TR A g i R A R AR AR A — AR B T
TG YR R IR A RE S BT ORISR R B A A L cyp314 eerb FER Y FIK , R IHA 5 £
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