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(Hoplobatrachus chinensis) were investigated in this study. Specifically, we first examined the safe
concentration (SC) and evaluated the toxic rank of endosulfan in an acute toxicity assay. We then examined
the blood biomarker (erythrocyte nuclear abnormality) and determined the metabolic enzyme activitie of acid
phosphatase (ACP), alkaline phosphatase (AKP) and lactate dehydrogenase (LDH) in a chronic toxicity test.
In terms of the acute toxicity, the average mortality percentage of tadpoles significantly increased with
increasing concentrations and exposure duration of endosulfan solution, indicating dose- and time-dependent
lethality of this drug (Table 1). The half lethal concentration (LCs, value) of endosulfan for H. chinensis
tadpoles at 96 h was 23.38 pg/L and the safe concentration was 2.34 pg/L (Table 2). Five different types of
erythrocyte nuclear abnormalities were observed: broken nucleus, binucleated, unequal division,
karyopyknosis and anucleated (Fig. 1). The total frequencies of abnormal erythrocytes were positively
correlated with pesticide concentrations (Table 3). Activities of all three enzymes were influenced. Compared
with the control treatment, the activities of both ACP and AKP were decreased with increased endosulfan
concentrations, while LDH activity was first increased and then decreased (Table 4). These findings suggest
that endosulfan has a high toxicity for H. chinensis tadpoles and that the erythrocyte nuclear abnormality and
particular metabolic enzymes may be considered as biomarkers for environmental monitoring.
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KERNESERY], FEH AV 2 X PIz)
VIR MR R R R 2 ILE KIEEE M) T P (Devi
etal. 2013, Menezes et al. 2017). HH1, kKH
MV T RIS el A 5 IR R B %
(Strong et al. 2016). AFRIFAR =i IFUL,
TE Rk B XA e v B SR A X, & Ao
2L SE ) 2 A (Leong et al. 2007,
Mesléard et al. 2016). [, SRRz
N SR RS M I EE R L2 5 T
VW E2AEEFRNIE MR REN, &
REPFREAF RN X A, RPN FEE
FE AN 22 K L AR AR B AR AV X EAIR, H 2 AE
ANV IX ) — Le b T7 L T BN R B ) K 4
(Bonin et al. 1997) . & 2475 G418 & 1£ W )5 i
A7 BRI 1 P AV SIS S B 1t 7 el L R e AE AR 24
Z 7 (Relyea 2009). i, SHHFRIEH,
oA HFR) AN A YT e 0 AE I R AR JE IE B hR i
(Rana muscosa) #& kb ke 1 #H ZAEH
(Fellers et al. 2004) . T FI B MR 11 A
TSR R ERBIENE, e IS
{EFAE R BUE (Venturmo et al. 2003). [Aiit,
2 Je FAbAL ZE P T P AR )5 G 2 R A B

ben s Ol R IR &S C AN A ISR =Y A BN
TSN W TR A AT N5 (Denoél et al.
2012, Lavorato et al. 2013, Bernabd et al. 2016).
BT XL R, PRSI N B R
JRETR R, O T TR 250K AR
EBRRGEMEN AT RGN (Denoél et al.
2012, Strong et al. 2017).

B PH o — ol 3 1) ) 3l A AL SR R O
171 (Menezes et al. 2017) . KRIBR P 28R U
FEPETI ) 2 (Weber et al. 20100, HT
WP A B R IR AR E M, DR 1
AEAIIS R ZE ] (Lavorato et al.
2013) . JRUEBRFHE A S B N A AR A A
BfE—Se ik e p E 2K CAnEp eI D i FH
#7{ Ff (Huang et al. 2014, Sanchez et al. 2018 ).
CUE AR, ST 5 SR bR A= 4 il L 30 )

(Séanchez et al. 2018). 3% (Anil et al. 2017)
FIW B (Svartz et al. 2016) ¥4 & Z 50,
ox FIXEe LR, B SRR A M B
PEERREXT S AR E (Jones et al. 2009,
Svartz et al. 2014). JE#& (Bernaba et al. 2008,
Ezemonye etal. 2010). “E#! (Preud'homme
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etal. 2015). 474 (Denoél et al. 2012) F 4218
f% (Lajmanovich et al. 2005) 257 i =4 ™ &
AL

R [E F 40t (Hoplobatrachus chinensis) J&
THREH (Anura) £} (Ranidae) K1Y
W4, 2 EEN S AE AR HAE R (3%
R 20120, T EpELUE 2 BT R
PR BN B T S A AR KR B N A 5 A
MAEKIAE S, KR EAI2 5 k& PR 250
75 I o = i R NI T T = P
AU ER IS B, a1 AR E
S () B A R R SR R R, LA N
KN FAR B AW (H K E SR 5 A 509
ok 1988). Nt R TUAR I K BT K I
AR B AR 2 Bent i [ PR AU R T R RE MR
W, A 5T LhA [ R SUE R s R A N R, i2
F i HKERE FOA ML BRI P2
IFEPERON, THERFT 2 EEVERT 96 h 35t
WRE LCsofH %<4 (safe concentration,
SC) e HERMEVEOY: MEEmL T 5l E pRauk
RS A1 JE IR 2T 0 A e I L, A AR X
[ AU R A R s I P R R AL
Bt} (1) R VE B R ¥ (acid phosphatase, ACP).
T PEREER S (alkaline phosphatase, AKP) F1F,
TR MM (lactate dehydrogenase, LDH) &4
HISZIE, PRI A B PR AU 6 AR 2475 LA i) A
i LA o

1 #MEETE

1.1 BhWREE B S5 AR 25 Wk BE T
R A ] S0 B TR 7K 25 B PR AR AT 30
WISEI = RGN, AR B TS B
BT (K66 cm x 78 40 cm x 15 35 ecm) FF
TN 20 cm R (UK THCRIFEL . ¥ H,
77 OR JE 7 B AR H AR R A N IAL AL 2 d
S AR S ST )19 48 1A 77 I 4R MR v R
Blo semenr, Hhikka A G26 5 G27
(Gosner 1960) #A&BUFHA R ISE, /A EE (29.8 +
5.3) mg. &K (15.96+£2.17) mm (n=400),

AR 25 T 35 1 SRR P IR CR AU & &
350 g/L), &HU 5 ml BRI, I 500 ml
BRI AETKEZE, FRIKE 3.5 mg/L
(I ERBH T IR 825850 . AN 5048 [ 7K 77 30 77 B
IRFHEHE, 3 R A [ IRAT Zh0AR R RO Sk AT
1.2 SHEFELR

FI A NERWRSHAE S 3. 104 30,
60~ 100 #1200 pg/L FI7KARZEAT TISLES, R4S
WEEH AL 5 2 sSciRifil 2 2 800 ml
SEHG 25K B A 1000 ml [FJEEE &, &
52 IR.48 h JE it sk AN S0 & s s s T4
B s WRHIRH 4= R BT TS (LCooo) FBRCMR IR B AN 423
s (LCo) Ml miikfE, FFEXPMIREZ
(AT 2R SR AT (Weid et al. 2015).

IRIETSLIR SR, EERFAT, HE
BT SRR, WET 4
FhAS A O BR FF I B AL B ZH . 10, 25, 50 Al
100 pg/L, A¥HE 0 pg/L AXTIRA . FFANKE
HEEHLEC 10 FESEiRiptit, % HEE 3 K. S
2K ES WSLRAEIE], 9 800 ml, X REZH N
LR MINES K. B 24 h D SEAENK T 41 SE 56
WAL AR, FFekidgk 4d, 96 h. BRI
RS AR P i Y K T BT AN Bl HF B
IR R R ANSh, WA IR FET (Wei et al.
2015). SVEERRPESCIS IR, & 2 d #K
_Arjﬂ\ .

Zx W8N 26 B Y25 SR AF B 5 o [ R gk
24, 48, 72 F196 h (AL LCso fH (B
W4 2007). KL AR Cs = 0.3B/A° (I
W, Co NZAIRE, AN24 h PEILIKE, B
N 48 h Y- EBEHR LB 96 h - EBLIAE LCso
1 1/10 T+5 22 4R E (safe concentration, Cg)
(Ezemonye et al. 2010). fif x4+ [E pE ocid: 1
B VPRI AR 2 22 AR R E . 4
Cs = 10.0 mg/L B, AfK#EHME: 4 Cs <1.0
mg/L i, NN 24 1.0 < Cs< 10.0 mg/L i,
NP ERN (K k5 20110,

1.3 B4R E L% it
RIE SRS IR S R, TE R IRV
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kP 0.25. 0.5, 1.0 F1 2.0 pg/L 4 NRSFKE
BEREZH, iRl AT R (R e EE, A0 1 AN
HHH (0 pg/L)o BENIREABENURN 8 JBsSL5
L, H A 4 K. SEEZG/KCN 800 ml, T
SEESARIE], X HRAE NS B RR AR . BENIREE
HoHITE 24, 48, 72 F1 96 h ISBEALIEH 5 &
RS AT MLVREURE o FH TR R T B iR} 2 UL
R 1 2 2 3%, WAEA Alsver IR ZIE A
b, SEIERAT IS EAR TR, I R I G e
[ E4HAE 10 min, JEH0 1 8C 2 % Giemsa 3t
WALt 15 ~ 20 min, A5 A A K B A 10—
M L e, Feifig BT S, 16 Rt
(W)’8% 100 x, BA2100Digital, 7 ¢ Bzl
LA WA FHAT MR EE . FA
AMRALEE 500 AL 2120 L, 10 5% 20 40 A% S
HEIM AL (Guilherme et al. 2008, Wei et al.
2015).
1.4 FvEHELR®T

BTG PR SEIGE B M B I 2 1 N kAT, 4 A
B P P 15 B e L8 B 5 1.3 7R A T
REAS SO0 AL R ZH AN SE6 B T BENL /T 6 FESE
BOuRt, BT SRR T B AR RO S50 = T
b, DRI, RS 2 d B — R
B ) SE B A 257K, SERRFESLIAT 20 do 7E2E
20 KRB, RFANSLIGHBEAER 5 iRk, g
B ST RIFLBE S TN & 0 B T - 80 CUKAR
TRA7 T I SR DU R

Bl s PR DN E B, A sk 2 2 2R AT
fR o LT RSP [AL204, MEREBh-FE R 2 A% (1
WD, KEIE] 0.000 1 g)FREH LR, FHIK
ANEH 1 ml FAAEREEK (pH=7.0) FIRE
W, JEREVKEL b SRJE P &) S 4 4 0t el
BT 2 IFAE 4 °C L3 000 r/min 61F 0 10
min. 25056 FIE CRI AT PR B T
B FHNFRES, RIET -20 CIKFE. &
Wt 500U € () = ARG 7 0 R BR VE SRR (ACP).
B IR S (AKP) FIFLERMEAEE (LDH),
Horb ACP Al AKP 351 () B AR i AN 55 7 9%
SR E 24 (2008) HF 5 J7 93647, LDH i

PR EARI E A 52 04 % (2020)
MW LT iR EAT o

1.5 HEST

ARG AT, A 0 SR 2[R
Jattk e X T A EEPESEES, KR A R AT
X ECE A o A BT AN TR PRUR B AE [R]— G BRI (1]
o RS A 1 28 DL B M B s R, 32 BER
K )5 % (One-way ANOVA) & Tukey % B
PR T . A — DR e AN R SR
ANTR] G B I 18] LA K 9 2 (] 1958 ELAE FH S itk 6
TR, RAESE T Z 5 (repeated
measures ANOVA) #4741, FrE £ A
STATISTICA 6.0 #AFidAT 4t dl EZ L
YA (Mean) + #rifEZ (SD) ko, B3E
PEKFBHN a=0.05,

2 R

2.1 SMHEEBMELBRER

TESPERRESEIS o [ R AU bpHist FE T
B BRI TS N, HL &S b
M%7 EE (one-way ANOVA, FTH P <
0.01, & 1. [FB, BifFrIE800kEwhEE
YRS IE] (24 48, 72 F1 96 h) F3E T4 K,
H2e 4R 2.338 pg/L (£ 2). WIEEKH
BE OR3P JR 0 A0 25 AR 25 R B 22 A VEAN i 56 v T
(1989) 350, FiFhxd i [ pESuid iRt 2 3 A
JlEErE. ERTESNERRY, WAHKRE
(Fy10=13.290, P<0.01) FIGTHf[H] (Fs30=
12.255, P <0.01) ¥3xfrh [H pE Sk iptiet 76 - %
PIRENA R 2 o (EJ2, P9 28 AR F sk 8
ToREIMAEE (Fiys0=1.639, P>0.05),
22 MELHMRZRE LRGSR

SRS F 5 FhAS [F] 22 (1) 4T 20 A% S+
W R DU IR ST DL RS
354 (B Do B Sz a3 20 1) ifn i 21 40 i A%
SR TR, SRR LT A A
RSO R G R IEM I (Y = 2.814x +
4.85, RP=0.779, 28 x MY 2> HUAB K
MM THE R (R 3D,
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R 1 SHEEESIS PRTX o E RSO  SE TR K (n=10)

Table 1 Mortality of Hoplobatrachus chinensis tadpoles in the acute toxicity test exposure to endosulfan

PR RIS ZE T 28 Mortality of tadpoles (%)
Endosulfan concentration (ug/L) 24 h 48 h 72 h 96 h
0.00 0.0+0.0° 6.7+1.3° 6.7+13° 6.7+13°
10.0 6.7+1.3° 20.0 + 0.7% 233£0.5° 30.0 £0.2°
25.0 40.0 £0.3° 533 +0.3° 63.3£0.3% 76.7£0.1°
50.0 433+0.2° 63.3+0.2° 73.3+0.2° 80.0 £0.1°
100.0 70.0 £0.2° 80.0 £ 0.2° 86.7 £0.1° 100.0 + 0.0°
75 243 M One-way ANOVA Fi10=15.405 Fai0=7257 Fu10=8372" Fa.10=10.660"

* RSB IL R RS, BEEME P<0.05. LAAARFRIRRFEREHE (Tukey’s test, a =0.05,a>b), EHHHFE L
W RFRRERTEE.
* indicated comparisons among different concentration groups, P < 0.05. Types with different superscripts differed significantly (Tukey’s

test, o = 0.05, a>b), while types with identical superscripts indicated no difference.

£2 WX ERLUER L BOCIRE R Z 2R E
Table 2 The half lethal concentration (L.Csy) and safe concentration (SC) of
endosulfan on Hoplobatrachus chinensis tadpoles

LRI 7] WA I WA FEICIRE BAIRE
Exposure time (h) Simulation equation Degree of fit (r%) Half lethal concentration (ug/L)  Safety concentration (ng/L)
24 Y=0.041x+2.217 0.543 67.878
48 Y=0.021x+4.004 0.800: 47.429 2338
72 Y=0.023x+4.104 0.773 38.957
96 Y=0.048x+3.878 0.950" 23.375

*RAREEML, P<0.05. MATTREPIALE x A1 Y 235 m AR AR ST T
* indicated significantly correlated, P < 0.05. The variables X and Y in the simulation equation showed endosulfan concentration and

tadpole mortality probability, respectively.

R 3 BFHE 24 h, 48 h. 72 h F1 96 h 4 F 5 0 [ P Uk mpbisl 41 40 % R IS i 45 R

Table 3 Effects of endosulfan on abnormality of erythrocytes of Hoplobatrachus chinensis
tadpoles exposed at 24 h, 48 h, 72 h and 96 h, respectively

T Fk i SRR .. AR RV LN A% 7 L AR 0E 2 S A% A
Endosulfan %ﬂﬁ@ BB N BHn Total numbers of ~ Frequency of abnormal  Total frequency of
concentration Exposure time Tested Observed abnormal erythrocyte  erythrocyte nucleus abnormal erythrocyte

(pg/L) ) tadpoles erythrocytes nucleus observed observed (%) nucleus observed (%)

0.25 24 5 2500 35 1.40 8.92
48 5 2500 43 1.72
72 5 2500 72 2.88
96 5 2500 73 2.92

0.50 24 5 2500 35 1.40 9.80
48 5 2500 49 1.96
72 5 2500 74 2.96
96 5 2500 87 3.48

1.00 24 5 2500 44 1.76 10.88
48 5 2500 52 2.08
72 5 2500 80 3.20
96 5 2500 96 3.84

2.00 24 5 2500 97 3.88 17.94
48 5 2500 103 4.12
72 5 2500 127 5.08
96 5 2500 128 5.12

X &4 Control 48 5 2500 6 0.24 0.24
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B 1 BSEx ep E R Sokk R VR A A R S R

Fig. 1 The toxic effects of endosulfan on erythrocyte nuclear abnormalities in Hoplobatrachus chinensis tadpoles

a. R b X o BEM: d BN e AENRG £ IERLHIE.

a. Broken nucleus; b. Binucleated; c. Anucleated; d. Karyopyknosis; e. Unequal division; f. Normal cell.

23 BEEMSERER

FR IR (ACP) #&1E (Y=-0.0732x+
0.5004, R*=0.848, ZF&E: x 1Y 7 BB FFK
FE AR VERERR B IS M) AR VEREREE (AKP)
WP (Y=-0273x+1.8838, RP=0.753, A&
X Y 53 BB FHA FE A R R iE 1) 5
BRFHR A, AR AR (LDH) %
PERIL UM (R 4. =FEERIEELEA R E
AR, B EVEZE R ACP (Fyp=

17.097, P <0.01). AKP (Fjy4=22.076, P <
0.01) #1 LDH (F4,,=8.974, P<0.01) (% 4).

3 e

AP FETF R (IR o o [ g e s )
P FEIE AL R 20 R O T 45 SRR,
Wi SR AL S AT . AN AL T A S B OE

PE, 45 B A A B A S ) B
fiff 55 45 A —3C (Lajmanovich et al. 2005,

#4 BHEESHETBRH=MEEERLE (n=5, Umg)

Table 4 Activities of three types of enzymes in the chronic toxicity test

TS HR R IR R R G LR M
Endosulfan concentration (ug/L) Acid phosphatase Alkaline phosphatase Lactate dehydrogenase
0.00 0.476 +0.111° 1.904 +0.399* 15.034 + 3.537%
0.25 0.286 +0.051° 1.076 +0.211° 15.784+3.357°
0.50 0.262 +0.054° 0.942 +0.148" 23.432 +2.886°
1.00 0.254 % 0.065 0.650 + 0.135° 15.704 + 4,563
2.00 0.126 +0.031° 0.752 +0.190° 10.648 +2.486°

* AR RE R E RS (Tukey's test, a=0.05,a>b>c>d), SHMA LR FIERREFAEE .

* Types with different superscripts differed significantly (Tukey’s test, a = 0.05, a > b > ¢ > d), while types with identical superscripts

indicated no difference.
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Preud'homme et al. 2015, Anil et al. 2017). 7E
SPEEERE A, SR SIS ZH AR I T F b
B PR FE PRI 3 iy 3 o, 5 B v [ ek i i)
PETR G5 SI0RE B IEAOC, B if A1
TEH AR P 2 2 B AE M (Ezemonye et al. 2010,
Svartz et al. 2014) . A FLH, BiFH0H E RS
HERR IR 96h LCso 1 92338 pg/L J H 22 4xik
[ER 2.34 pg/Lo LREEFEFRMZEIWRE, B
FEATIRZEON A 25 . 5 HAE L 45 R HLAR,
RIOAWE TS 96 h LCso (551175 H
fi s R S5 R ANE (R 5). B RIX
SO gT 4 SRR, X 4L S AT RE S TR R
BT B R (RS2 38 7 7% ARk A B R A
B BT T 2 7 5 R (Weid et al. 2015),
A RERERE, M AE AR 25 R5Us T
RES HFIEM ARG K EH K (Jones etal. 2009).
ARSI, BP0 A g S s
P T BRI G AR (clastogentic effect),
B ARKMEARBZESRE, X5
Lajmanovich & (2005) FZAKRZjX W (Hyla
pulchella) IRHis}3E AT 1ML 20 240 B A% R 36 1 5 A8

SERARAL, FEUERA T BRSFRE 51 AT R AT SR
LN RV N Bud o (92 IO N e S 17
T4 A% 5 i 26 B o T PR B () 185 n g 384
FIALEAEF AR R S, X5 AL 7 i
JuBp T HARR ML — 2. B, SR
Al R (R catesbeiana) £ 4H A% 4
FEUAEKG M (Campana et al. 2003). I
Tk P e R Bl ) AR 25 5 1) e S A ik (Rhinella
arenarum) [FEEPERFFCH, RINILLAHHZ 7
RS REIKE R MG (Bosch etal. 2011).
FACh I 4 BRI WL 38 5 A [R) AR A 5 VA T
RN A )18 AL FE 1V, 40 Geng %5(2005)
FH R SEIGVERE FE T SRR T B B AR
R ( Rhacophorus megacephalus) IFHE} )it 4%
BiPE, I DNA #FEE 5 R 257 & 2 1EA
5o R, A% 24 artea 330EC X 58 J& Hr4i i (Rana
saharica) BRI} 15 A5 FE PR AR SR FE (100 A1
150 w/L) H At (12 &) BRmA B
FHE AR (Berrebbah et al. 2009). % HIiX £e 5
RPN 2 Rl e SR AR E . 7SN A]
A% (Ezemonye et al. 2010).

£S5 BSINAFEHEWSIYIRAEFILER 96 h L BECIRE R ZERBELE (pg/L)

Table 5 Comparisons of 96 h LCs values and safe concentrations in different amphibian

species at adult and larval stages tested with endosulfan

Wk EENB oo R A ik

Species Life stage alfleth?rll 0906n}clentrat10n Safe concentration Reference
/Nl Bufo regularis AR Adult 730 73 Ezemonye et al. 2010
B B. bufo it} Tadpole 430 43 Bernaba et al. 2008
HUpkig: Rana dalmatina FHE} Tadpole 74 7.4 Lavorato et al. 2013
2 U Pseudacris crucifer Ul Tadpole 120 12 Jones et al. 2009
KB Hyla versicolor s} Tadpole 9.0 0.9
KFPER I Pseudacris regilla 1§18} Tadpole 21.4 2.14
G750 B. boreas 1§18} Tadpole 76.1 7.61
£ R clamitans it} Tadpole 32 0.32
#UE R, cascadae U} Tadpole 15.0 1.5
2 R, catesbeiana I} Tadpole 1.3 0.13
Fil: ik Fejervarya sp. 1 s} Tadpole 46.715 4.67 Devi et al. 2013
[ F. teraiensis 115} Tadpole 6.596 0.66
[l i Fejervarya sp.2 i} Tadpole 3.015 0.30
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AR 2 5 KA LSRG RAESH
IS AE KK E , G252 S P B R AT,
MORERTETE, TR, BE BT RE
] (Oasman et al. 2010, Sangeetha et al. 2016,
Menezes et al. 2017) o B0 il 7% 14 () 5 2 L
2 B hoE n A EE M AR R —

(Sangeetha et al. 2016). 4G FY) 5L H
A ZRELR, B TEv A AR s, B
TR 238 M BE /> (Sangeetha et al. 2016,
Sanchez et al. 2018) . BEERERE 5 8 F TG BUAH
KRR 2 — (Okolie et al. 2000). .
RS (LDHD J2— MY RAEE, #l 2
PR 22 S BRI T EAR A (Suneetha 2012).
Inyang 5 (2011) H =M%} $a i 16 (Clarias
gariepinus) MIFEVERFFLR I, 2R 24 %5 B 15
T Tty AR T e T TR T 9 PR 7 AR T A ) A R A
o BAGER PR T < Hr 6 4. ( Catlacatla catla)
. LR AN 2R B R P R Bl T R g
FNFLIE M WS vE 4 (Dube et al. 2014).  [FIFF,
RRETmAr. BMAERZE G, =M

(Uca triangularis) I8, HRAR. RmpZes,
JUL PRI A0 ik ZH 2 m 2L TR Aot T T T Tk T s 12
T, R R B 14 PR IK (Sangeetha et al.
2016). A7, 0.25. 0.50- 1.00 A1 2.00 pg/L
PR A 5 1 e 0o v [ PR S ek e A 1A S ) A
R, BEAERFHREE RGN, BRVERE IR I
Tl P T T Pl v 1 380 AL, 7 L R O S A2
T e Ja PR IX AT B A2 DR A iRhie} B A 158 BRAR
W, DI REVIA W REREM R, (HIEE
R EE BB FHEE R, AT RE 2 R4 R 2 AN
MG N E EEIESE 2018).

B AW SR AR A B T PRI e AT
X R H B, Rl — 80

Z % X W
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