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= F YRW-OE A (P<0.05) , #& F B2 2K [(11.44+1.22) %] 1 F YRW-OE 4B (P<0.05) ; TW-
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Abstract:

[Background] Reproductive health hazards sourced from organic pollutants in river water have
become a major concern at present. The pollution of river water in China is mainly caused by
organic pollutants.

[Objective] This experiment investigates the effects of organic pollutants in source water in
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Baotou section of the Yellow River on the apoptosis of germ cells and the expressions of 3-nitrotyrosine (3-NT) and cysteinyl aspartate
specific proteinase-3 (Caspase-3) in testis of male mice, and preliminarily explores the relevant mechanism of action.

[Methods] Sixty SPF ICR male mice were randomly divided into six groups: control group, Yellow River water organic extracts treatment
group (YRE-OE group), Yellow River water organic extracts+N-acetylcysteine (NAC) treatment group (YRE-OE+NAC group), tap water
organic extracts treatment group (TW-OE group), tap water organic extracts+NAC treatment group (TW-OE+NAC group), and NAC group,
with 10 mice in each group. The YRE-OE were administered to all mice by gavage once every other day, and the mice in the YRE-OE+NAC
group, TW-OE+NAC group, and NAC group were intraperitoneally injected with 10g/L NAC in a volume of 0.02 mL/g (in body weight) 1h
before the YRE-OE administration. After four weeks of the exposure, epididymis and testis tissues were isolated to observe germ cell
apoptosis under transmission electron microscope; germ cells were counted and sperm malformation was observed; 3-NT expression in
testis was detected by ELISA; and Caspase-3 protein expression was detected by Western blotting.

[Results] Compared with the control group [(4.15+0.06)x107/g, (4.84+0.65)%], the YRE-OE group showed decreased germ cells
[(2.86+0.06)x107/g] and increased sperm malformation rate [(19.59+1.49) %] (P<0.05), and the TW-OE group only showed increased
sperm malformation rate [(7.89+1.16)%)] (P <0.05); compared with the YRE-OE group, the YRE-OE+NAC group showed increased germ
cells [(3.55+0.06)x107/g] and decreased sperm malformation rate [(11.44+1.22) %] (P<0.05); compared with the TW-OE group, the TW-
OE+NAC group showed decreased sperm malformation rate [(5.62+0.91) %] (P<0.05). Under transmission electron microscope, nuclear
fragmentation, reduced cell organelles such as ribosomes and lysosomes, destroyed mitochondrial structure, and abundant apoptosis
germ cells were observed in the YRE-OE group; however, such phenomenon was rarely observed in the YRE-OE+NAC group. Compared
with the control group, the 3-NT and Caspase-3 expressions were increased in the exposure groups; the YRE-OE+NAC group showed
lower 3-NT [(8.64+0.40) mg/L] and Caspase-3 (0.38+0.02) expressions than the YRE-OE group [(12.28+0.78) mg/L, 0.48+0.02, P<0.05]; the
TW-OE+NAC group only showed lower 3-NT expression [(7.23£0.47) vs. (9.34£0.81) mg/L, P<0.05] than the TW-OE group.

[Conclusion] The organic matters extracted from the Yellow River could cause germ cell apoptosis and increased expressions of 3-NT and
Caspase-3 in testis of mice; the germ cell apoptosis mediated by Caspase-3 signaling pathway activated by oxidative stress may be one of
the mechanisms of their reproductive toxicity.

Keywords: the Yellow River; organic extracts; testis; apoptosis; 3-NT; Caspase-3
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H), BRIERKAR (ER=ZZ/\BENEEREL
g, RE), HEBREFH (DSEAXIERAE
EFIRE, PE), £ BEEIRO TN (BEXEEE
PRATE], EE), XAD-2 /st (AL =ARFI IR B IR
KA, FE), EEELN (EBTREMNE, F
EH), 5K AN (Universal Hood, Bio-Rad, &
FH), BEFRBFEMNE (HiZ, BA),

1.2 KEREREVAIREX

121 JKERE F2018F783—23H (FKHE) £
BB TR OR K BT E K E AT 0.5 m RbSREE7K
¥, 76 REUK, BRiEIfE3d, &itEk 10001, 7KIF
RENBEAR, FBYLIAERE]AYRAEBY 8] 8] Rl K iF R
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1.2.2 BUYIEEL BEAIK K B RKIKEFELZD XAD-2
WEHESE, ECKEAREGR (1:1) FElt, AER
FIRRE TIREZEKNA, I CEETHEET, A
KB ENIREWDARE A 1mL BN ERK MBS
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ZELEFREFCIEEEZASNME, EFRE
B SPFZREEME ICR/NER 60 R, (KE /9 20~23g, T 4L
RATSRBF D, sHEISIES /9 SCxK ()
2016-0002, fAFZERNREA (22+2) °C, EXEE RN
30%~50%. SKIGHAIE], THHTRAFRE 24h ATITHIBR,
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ED N6 - ITERLA. s0L/kg EAK BRI YR E
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OE+NAC £H. TW-OE+NAC 28 Az NAC 48 /) B 42 & BE LA
0.02mL/g (LUAEIT) FFESHRE I 10g/LBI NAC,
STERALES SLMAFERINEXK M. 4 AL
ENER, BRI R 250, N ERFRE. £
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E{=1: SN
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7 3% 30 min f&, 12000xg. B5:0) 10 min, BY EER
NEBE G Radford ENMEERBRRE. EHIREUESE
R Bk BRE. FiIEE. —eaCOEEER. =
P137°CIEE 1h, TERBRGIHBENEABE ML
“H&ENBENERRNES, UENEESREE
H B-actin ULLEENIZE B HENRIAE,
1.7 FitFE S

TTEEUE LU xts RRo KA SPSS 19.0 R4 #1T
FHITFED, ZALLBRRAAEFTERKRMERES
EDM. H— T HITABMI L IRBY, K Bonferroni
15, FBBILLBERA x* 1255, 1397KHE 2=0.05,

2 4

2.1 KERENRBYIHEFHRE. B FRENFIE
H&R10H, £2E50Z3ANBREERLEAITFE

B X (P>0.05), 25 45, YRW-OE A1 TW-OE £H/)\

RAERT XTI (P<0.05) ; YRW-OF {A/NEE2NEE

RTFXIERA (P<0.05) ; BHNREFHHEBRKERT
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®1 KEFPENRRYIITNRAE. SAMBRY. BFHRE. BFRAZRNTM (s, n=10)

F&FBEA RN (P<0.05) ; TW-OF £H1X¥5
FEEFZZRIGAN (P<0.05) o YRW-OE+NAC A/ NEFEFHE

=T YRW-OE 4, ¥5FIAZZ1ETF YRW-OE £ (P<0.05) ;
TW-OE+NAC 4R/ NS #E F B2 R T TW-OE 4H (P<0.05) o

2t RERIAE g) RB4BGHE ) EAEE () EAMBRI (%) BTFHE (x107/) BFRHE (%)
3FERLH 21.730.90 40.87+2.41 0.35+0.02 0.86+0.04 4.15+0.06 4.81+0.65
BRKENIREWIR S (YRW-OE £8) 22.00+1.21 32.69+2.44"  0.30£0.02° 0.92+0.03 2.86+0.06" 19.59+1.49"
FRKE NI +N- 2B B AL ER4E (YRW-OE+NAC4H)  21.19+1.33 38.40£3.58 0.33£0.03 0.86+0.09 3.55+0.06" 11.44%1.22°%
BRKEHUREIZREA (TW-0E 4H) 22.4041.17 33.85£1.29°  0.330.02 0.96+0.08 4.11+0.09" 7.89+1.16™
B RAKENAREA) +N- B ER AL IR (TW-OE+NAC 4H) 21.84+1.08 38.54+4.22 0.3440.01 0.89+0.04 4.13+0.03 5.62+0.91°"
N- Z B EER4E (NACZR) 21.91+1.28 42.29+1.56 0.3740.03 0.88+0.04 4.06+0.05" 5.04+0.84"
F 0.110 14.734 9.808 2.179 255.500 146.620
P 0.978 0.000 0.000 0.083 0.000 0.000
DE] = : S33ERAALLIR, P<0.05 ; # : 5 YRW-OE 4ALLER, P<0.05 ; A : 5 TW-OE4H, P<0.05,
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S

2.3 KEFERENREYIX EAALR 3-NT RERIR M
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=, EIZEN, SRR EMHER IR, AlEEN
S, HEBEFENARM. ZEENAEESHN
750 YRW-OF RS AMZILERE . BEMIR, ZiF
2, MEBEMSZ AT, AEANEIMTBKL, ZiE
&, AR, FIRABESZAREIRLD, ATHEER
% 0L, Bl ILIRSEAARE ; YRW-OE+NAC Rb IR 4R {8 I i% 4
BRESE, ZEE. NEMNAAR RS MR R IR
/b, TW-OE £H Kz TW-OE+NAC &b 32 28 40 il 2% i1 1K == 1k
T, (NEBRZEREARAEZEEREER AN
FWHEIR, MIKABAERE, BT/,

DE] A TR ; B : ERAKBEHIREIRSAE (YRW-OE4H) ; C @ &
KENIEES) +N- Z B¢ EER AL EEZR (YRW-OE+NAC4H) ; D : B3R
KENMIREIFEA (TW-0E4H) ; E: BRKEVIREH+N-Z
Fi A BEER AL IBZR (TW-OE+NAC4R) ;F :N- ZEFMEERZE (NACAH) .
FEETERENMER | YRW-OE AR MABRRAIZ A, ZFERESE, %
2 ; YRW-OE+NAC BB I Z B RESE ; TW-OE LA 7] ILZEAIR
EiZRERER,

1 BB REENKERETNRELER/NRER

MBS

53JBRA IR, YRW-OE 4HH] TW-OE 4B/ NEE E A48
20 3-NT RIAEHN (P<0.05) ; YRW-OE+NAC £H 3-NT FR3X
[ (8.46+0.40) mg/L] T YRW-OE 4H [ (12.28+0.78) mg/L]
(P<0.05) , TW-OE+NAC £H 3-NT Z&R3& [(7.23+0.47) mg/L]
£ F TW-OE £H [(9.3440.81) mg/L] (P<0.05) ; NAC £
INTRIASXERALLER, ZREAITFEREX (P>0.05),
D& 26

15

3-NTZKF(mg/L)
S

w

0
A B C D E F

] A XTER4AE ; B : EVAKBEHIREIZREA (YRW-OE4H) ; C 1 &Al
IKBEHARERY) +N- Z B HER M IBZR (YRW-OE+NACER) ; D : B3R
KENIREIEEF A (TW-0E4R) ; E: BRKEVIREH +N-Z
B EER AL ERZE (TW-OE+NACZR) ; F : N- ZEEHMERZE (NACZH),
* . SFERALLIR, P<0.05 ; # : 5 YRW-OE4BLLER, P<0.05; A :
5 Tw-oe 4ALLER, P<0.05,

2 JKEERENREI N EEANAELR 3-NT RIXMF M
(n=10)

2.4 KEPENVIRIINEH AL Caspase-3 Rk
A

SWRALR, ENMEsHNEREHAR
Caspase-3 ZE A RIAZIZHN (P<0.05) , NACZH Caspase-3
EHRAELHAENET (P>0.05) ; YRW-OE+NAC 218
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2H Caspase-3 & H 3R A £ (0.38+0.02) 1 F YRW-OE £H
(0.48+0.02) (P<0.05) ; TW-OE+NAC %&b 2 £H Caspase-3
EAREKESTW-OEALER, EREHRITERN (P>
0.05) JLE 3,

A B C D E F

caspase3 _

0.6

0.4

0.2

Caspase-3tEX FRIAE

0.0

A B C D E F

CE] A D XIERA ; B : ERIKBHIREIREA (YRW-OE4H) ; C @ &
KENIRERYD +N- Z B MER AL EBZE (YRW-OE+NAC4H) ; D : B3R
KEVIRIYIREH (TW-0E4R) ; E: BRKEVIREI+N-Z
B BEER AL IRLE (TW-OE+NAC4R) ; F © N- ZEEFBERLE (NACZH) o
* . 5IFRRLALLER, P<0.05 ; # : 5 YRW-OE L%, P<0.05,

3 IkEEFRENIREIXT/) \(ﬁij}gﬂéﬂ Caspase-3 FEXRISZMR
n=10

3 e

FEEAFEARBATE —LINEEERES]
EEBESHNXRER, BT IESEBEARET MR
FEFAPMEILIE S AT 2 BT, SHEEINEE
pERG &0, BEERAS Y fR, KBNS RS
EABRENEFMRABTIEN, X NERITE
IR E X KRR E VIR M ETE S T RY
MRERER, KPENSRYBESIESENETAMN
UBTIEM, JeeREEESHENEENG, KiFH
ARTHASCINE R AT, BRIk BIREYI8EE S
SRIMEFFIETEMRETIEIN, R E T T aE
BAKPENSRYINGIEEMEILENEBRE W,
AHR R A A L3 — 2 IR BR B A B K R KR K
BRI EES M R AT serIHE X

BRARERER, SITERALLIR, YRW-OE BETE5|
LK NREFHERL, FFBAZE L, BYRW-
OEA/NEBTHEHERTF TW-0e 4, BFFIEAEE
BEE ST TW-0E4H ; YRW-OF 4A/NF 2N S AR
ZREREYE. ZERMABERNEINET AL, AR

S ZRTEEE, ZEER. WRW. Y5 ABREEMaE
L, ATARKZ, U LRI, Bk
KIRKBNIREEE 5/ R A ETEMMET
N, XSEFEINEEE MR, ERAETAMBED LT
RhEERLAMIE A EAEAET, ARET 2RE
SR ERFEEMARBENTES, 95 3/404%
TEAEL EAT AR, BERETENIAE
MU, 4B R IR IS K H B T AR &=
BE7, NEBLEMMEEERATCMERFHRE TR, X
LI SHETAEIEERER Ftb, | KERKIRK
BREYEIR/NREBEARSERCUEEREE
TEINRER R Y EENLH,

Caspase-3 R AT REABNHITE, X TA
CTRBRNA TR, EERAKTEIEFESSE
EWMIER, EE1BRT, Caspase-3 IEB RN 7F
7, LEEEEY, BE8RE AT ESEHHSILRE
R, FEEFEEY, KHRERETR, YRW-0OF
20 TW-OE 4B/ N 2 F AR Caspase-3 RIAE S T X7
BE2H, 1B TW-OE 4l Caspase-3 & 1A = 1 F YRW-OE £H,
L5 B2 35 BR 55 5] B Sk ER KGR UK B AR BN BE 80 E
/N ER 22 AL 4H 4R Caspase-37E 14, 18 1T Caspase-3 1& 12
FEEAALEEMATIZEM. ARAEMLTNAC
RAIB LI /R J5 & B, YRW-OE+NAC 4H Caspase-3 &%
AE2RTF YRW-OE4H, BRZEFTBEHEQNAZIT, YRW-
OE+NAC 4A/NEUB TV A TE AR D F YRW-OE 4H, X5t
BAE Pk B MR BN BT fE BT BUE | L RO K BX
B9 Caspase-3 /T S4HMUAT, 5EETAEINEEIRA,

3NTRENNERNNFEESY, L2EMER
—ME B RIRGIIRE Y. SRS WIS
BB, ROSEREZIE, B EHERN, sEBHEL
HENESRNEEANREREE, RESE3-NT
SEEM, B3NTEAARIRE Y, Alt, #@L
K 3-NTHRERZ, LU ERFENBEHES
ROS BY7K o LtEN, 3-NTIE AN AR TR E N E IR
Bz —, BE@IT H,0, /T S DNA TR, S 40
Ihae e, AHRLERE R, YRW-OF A F TW-OF /)
RENALRINTRAET T XIERA, B TW-0E /)
REAHLN 3-NTRIAEE T YRW-OE 4, A&
NAC R IEL L/ N fE &I, YRW-OE+NAC £H 3-NT R3IA
fEF YRW-OE 4H, LA L5 RULER, BRI KERIKIRK
BRI E N RANNEMRIRIER, X0 HR
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