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Abstract; The air pollution has become the main pollution problem of China. As the main component of air pollu-
tion, fine particulate matters have been shown by many studies to have toxic effects on reproductive system. This
paper summarizes the epidemiological investigation and animal experiment results on the reproductive toxicity of
fine particulate matters, which mainly focus on the reproductive toxicity of fine particulate matters mediated by oxi-
dative stress, DNA damage, inflammatory response and the disruption of the integrity of blood-testis barrier. This
review also discusses the existing problems of current study in order to help to promote the research on reproduc-
tive toxic effects of fine particulate matters.
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Bl 28 5 Hp 22 P R 5 SRR AT AN I 2
o, o E FE R R T B IR —
RS IRE R GE ), S RGN EURL Y (fine par-
ticulate matter, PM, <) A FAIE A9 DX I8P R AT G 0] 7
GEM T E R I N B B0 g R AR SR Y —
T A BRI AR AR R AR BURL ) 15 G ol o2
LI E N BOEREER N FEXRSHEZ P
A3 5 R EE B2 0 R S A SR B, 0 SR ) 2
1E PM, s X LR it 3, 518 5Pk &4 |
OIMERGEY MAERED R R DR AE &
GRAEAHOCIIPN. . HEFH R G R AR ik i) E
RSy, PRUEP Tl () S 252 0 4 %, AR SCHE R A5
(A b 455 I AR [ N AR OC T PM, 5 AR B w1
RN BT IR, B R AR PM, 5 X A 28 S A )
WA= B 2R 48 s BHLRE i) R EEPEBILRL , X5 B B 5
PO AT IR, BTE WIRER PM, 15 L5 7 B

RO AR R AL R —E 2%

1 RITIRZFEH R ( Epidemiological study)

Bl X PM, 5 BEPERF SR IOANWTTR A, L AR 7 B 1
B2 BN 2 U, ENAN ABERA T A S
FREFSLBG R PM, § Al mT X BB M oA s AU A
FEAEAHI BN, PM, 5 X AR A — 8 (AR TR
1.1 PM, X5 PEA 5 B2

ZIWT TR PM, 5 Z 88 % 5 AR A B — &
FEEER, PM, s ZEE4 SEOR TR TR, 3%
UG T it K6 1 KPR R B 1 R %
PABAE T BTE 240088 PM, o SR YA i e nY R
T F A S A B I I R T 32 17 s = 0
RIPM,; HHRBEREASSFBEETFHET
R RS I5 SRS IR B A% I XU B I, Guan %5
KN PM, s &5 W S 2% T N B A 1

£1 PM,, MEHABBSHORITREES

Table 1 Epidemiological investigations of PM, ;-induced male reproductive toxicity
KA PM, 5 WS
W5 REAR () g m™) FEEW EEPUN
Methods Sample size (n)  Concentration of PM, g Main findings References
in atmosphere/(ug-m™)
7 IRT PM, 5 R85 T REFEARR 55 MERT 7 B
B AT N .
. 3 456 37.82 Exposure to PM, 5 before sperm maturation [7]
Retrospective cohort -
may reduce sperm quality
N K F I B AR TR S PM, 5 288 W BEAAZE AR DG M
(5] o5t 4 A 57 T 52 . .
. 2 073 434 The decrease of quality and quantity of PM, ;-exposed sperm [8]
Retrospective cohort . o
were correlated with PM, 5 concentration
—— PM, 5 B35 585 T T BeAE ek
- . ot 1 081 365 There was a correlation between PM, 5 exposure and [13]
Retrospective cohort
decreased sperm concentration
(6 J5i 2 [A 37 B 5 s 131 ” PM, s %% 585 716 )1 N BRAEAEAR S 0
Retrospective cohort PM, 5 exposure was associated with decreased sperm motility bl
e - PM, 5 %55 FURE TS K P T A AR S
R PINATIE 258 :
6 475 There was a correlation between PM, 5 exposure and sperm [10]
Exposure cohort 26.1 :
morphology level decline, but not sperm concentration
- oY PMy 5 9% ST T W L e
e A5 50.1 i -
2 857 There was a significant association between PM, 5 exposure [11]
Exposure cohort 514 N
and decreased sperm motility
49.0
" 796 <50 PM, 5 2% 8& FURG 15 1 Z A1 oA S
ST IR N .
656 50 ~60 There was no correlation between PM, 5 exposure [14]
Exposure cohort ’
568 >60 and sperm motility
PM, 5 HIRREES Y/X e AEART 719 LU I 2 TSR
B A 51 BT 5 - . : ‘
195 30.15 PM, 5 exposure was negatively correlated with the proportion [12]

Retrospective cohort

of sperm carried on the Y/X chromosome
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W1 Z M2 A, Santi 5P K I PM, ;5 75 Wk
SRR EIESRAMIC, Lao F 500 T
HUOKS T 2 4E P PM, 5 28 XDRG T B i 5%, & 28 2
AEPY PM, 5 B RE R BE VRS 1T 257K T B A 1E A 26
M, REBEUR B PM, , B 5 SR TG 22 ]
FEAELRPEOCHK 2 & N IEH#%, Radwan %" kK
PM, ; 154« T BE 2 B Hedl & A= A1k
1.2 PM, Xt aE gRAGH R
KRR PM, 28X MR A s 1 &
BRI H ARG IR ILAE K Z R = e

FIH AR B B 1 R AR ARG PM, s B PR AR R R T
WA A A A S I S T3 2057 Yang 461
RIRZEELE QR PRI ] 42 il PM, o 45 S 35 9+ 34K
PR . Green AFUTTREL T AU fif 3 5 A U Ui 1 1)
PM, BRI E M X R, K PM,, 53 kAH
X, Arroyo E"VEEE PM, R R 5 UK 1
IEIEAE, Lin 5"k AR5 12 ~20 J 2 [0
(1) PM, 5 V34 5 5 Tk i 5 B 7 O A XU 2 TR AH G
{5 Stieb ZE"F1 Melody %5 4% B ifF 58 2 B, 4 U 1)
(] PM, 5 2 88 AR 0 57 A B AR, IF AN SZ e i

F2 PM,; BLMEAESENRITRFAE
Table 2 Epidemiological investigations of PM, ;-induced female reproductive toxicity

KA PM, ¢ W/ (pg-m™)

Tk AR 5 (n) Concentration of FEEIN HH R
Methods Sample size (n) PM, in atmosphere Main findings References
Apg-m™)
- W LA K 5 R ) PM, ;55 5 DT AR
8 . ot 13 775 - Fetal growth is closely related to PM, 5 [26]
Retrospective cohort ’
exposure in the third trimester
HT P BABAF ST Prospective cohort 59 868 443 BE7 g e KR 4 Increased risk of stillbirth 27]
FTREEBASIATSE Prospective cohort 95 354 706 BE 7 % A KUK 810 Increased risk of stillbirth [15]
5] JE5 14 A S B 5E. Retrospective cohort 3 026 269 1545 BE7= e XU 3G AN Increased risk of stillbirth [16]
IR FEARITI) PM, § R S H I 7 4 P
] 1% . .
g . ot 298 705 17.1 Exposure to PM, 5 in the second trimester [17]
Retrospective cohort
increases the risk of premature birth
H A BAFIWFSE Birth cohort 4278 3207 PR A RN Increased risk of preterm birth [18]
[ i P BA S BIF 5 Retrospective cohort 2 709 51.11 B RSN Increased risk of preterm birth 28]
H A4z BAFIFSE Birth cohort 53 094 - PR AR R TIN Increased risk of preterm birth 29]
I L 5 PM, SR I Hi 2 TR 55 PM, 5 T A
Lli:ﬁ[ﬁ] 5 2 969 380 84 Preterm birth was negatively correlated with PM, 5, while  [19]
Cross-sectional study . ) = T
low birth weight was positively correlated with PM, s
Hi2E BAB ST Birth cohort 1 455 026 3492 A 1 A A4 T XU 34 Increased risk of low birth weight  [21]
A SIS B KRG R PM, s S5IRUER R T TR
- - 3591 44 PM, 5 caused by coal mine fires has nothing to do [20]
Birth cohort )
with fetal growth and development
[ml 5t 1 BA B T 52 14256 ~ FE R N A KRS 184 2]
Retrospective cohort Increased risk of congenital heart disease
H BAF ST Bk FEARM KNS PM, s HHC
it EBAFIBTE 135 527 26.1 , o _ 23]
Birth cohort The risk of patent ductus arteriosus is associated with PM, s
o TR A I 2R A PR 7 B AR T 1 KK T R
DSBS D R
. 90 - The expression levels of brain-derived nerve growth [24]
Birth cohort i K
factor and synaptic protein 1 decreased
e TR ) B B AT A BB AT O A AR 3
A RIS 104 TERE ) 1R L{fﬁjﬁi A.Zih—ﬁiﬁ)z WD
. 46 039 Increased risk of attention problems and [30]
Birth cohort 296

delinquent or aggressive behavior

T =7 BRSO RBEARR A

Note: “~" means the concentration is not mentioned in the original text.
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JLRE 522 50977 A= ] g RV IF 58 X 4 1) s BT
3R B KO R EE VA I S F R R T 33K,

Liang 2% B PM, ; %% 55 4 1 0BT A2 LY
AR BT, B A LS RYERDE 5T o | 7
ZP R SRR AT R I 2 2 T R W EE PM, 5 IR T 3 308
A LF Sk A | 3 Sk W 2 R4 i i Dk [0 3 57
B KA O s 1) 2 A2 KU 38 T2 ) Saenen
SR L IR ZE L PM, | S R BRI T 2 S
LA RS L B R W Y i S A
B, R PM, % 58 2 W 00 AR ARG N O 5 500 41
T DR W B LA R B R, IEXT
LA Rk,

2  Zh¥ L6 ( Animal experimentation)
2.1 WELEh S

BRIAT I 2= A 55 A1, K 1 sh ) 5 56 3R B PM,
TR A YA T R G A R0, PM, 5 XTI
FL Bl 00 A B 75 1 B A I X A B 240 L )5
A B A5 PRI PR L, DL SO IS AR S
SRR R ZE 25T PM, XTI 3L sh ) A 8 R Ge B 1k
S AR RIS TR 3,
2.1.1 PM, Xt A 5 A s

JAEMEEEC R PM,  BRER S SR/ L
FUH SV IR AE SN AV JBE AR, A2 e 5 4 v e
B2 R B B REAIK, Yang S5 RN R T &
W PM,, Joks FIRERITEME TR, WK TIES
LU BIRE N, I 5% me e 1 P9 0 W, ST SE M AR 5 . Qiu
GBI & B, PM, s 38 3 04N Fr - AR
(HPG )%l 52 Mo i P4 A= 5, 30 7 BT 96 301038 3= 1 8 i [
PRI FRIBFEAL, T EEY R PM,, 7T LLE
TR B I 52 5 s o B Pk (A 5 A 5 W Tt
WNGEY VAN =€ LAt g )i A E R i
2.1.2  PM, XA G A SZ R

Liao 555V & 2L PM, £ o7 M /) BT 52 40 i o4
T2, FEAIR T DR S A AE 2 BE T, AT R AR By A= 5
W1, AR EIRTE R I PM, 5 AEHE U b [ I
ST AR T P 095 v o s 2 R R s R e P
RN T I A T SHER A HEH AR SR
i, S FRUAR PN PN G AR 1 43 A K- TS
Wl i BRI AR BE R SE . BLAR, PM,  RRAEAR i1 4 40
g KRR, REE1F5 & K BRI 5 RE IV,
W T E USSR S5 KB PM, s X
PG VE R PT BE S5 40 L8 T ¢, 20 PM, 5 a1

REFERKBRFEALOES R EMA UEW T PM,;
BEEALEI P 2 5 PERK-elF2a-CHOP 15 5 38 f/
() B L4 A P T I g 98 s I A %, 1 il
PR AMPE TP
2.1.3  PM, XMELa AR5

PM, S SR LT R M, &
R, =I5 R MM & RGN AR IR
WIEHAK IR ER T PM, s T AT S8 AU A RS L
HHIFHE . AR R IUAE LT YR R LI 2
5 T RAURL Y v ) e BT 7 A BRUVE S 1A N B
P28 o B i b H R BRI IC S I AE 2 g
TR, Klocke %I 5% & B, 4T Wi 40 1) /) L2
#& T PM, 5 23 FECF ARG 2D 58 152 o3 200 A P
2 IS5 I 5T A A A B Db A R 28 RE
Jrf, EAE SIS R B, 7 ~ 8 /N BRI Uik
W T PM,, Bl 2 S 8070/ BU o BTk
T 7K B S AE PR R0 L PR ) o, W R 8 R G
B E G, Ren W AT R, & PM,, 5
Ji B AR HEPE 1O Wk BE RO 1% 0 N B K+
WY SR, LA A W5 0 T 25 i o A A /N RS2 L
L, FRUTEE MR E] PM, 5 2 85 (48 A= 710 R
O JHE L IR B A RS AR A2 A B B A Y
FEB R A A AN [R) 2 B 1 240 LA ] () B 2 5 | ) s
PR3 2 2R RIS O R 24 ARk, LSS Rk
BB A /N B IE 3 A Rk h %, R W] PM,
U i HUH 25 i T 36 o 41 T A S U 4 P 34 O
HoA A=A s T, %540/ BUFIE & & 7 A 52,
PRAEARE I 58 K B, A BCBE AR 4 R 30 00 3 R 5% T
3.68 wg- uL™' PM,,, TR B 18] T 21 4k 1k
B ] BT R AE AR MR BN b R AR R
HHRT R, YR T IR 2
5T PM, s MR BRI 58 & B, A B Iti v 250 R i o6 <5
AR AR A /0N it v [ B A AREE BE A K, 5 AR i T g
FF%, de Barros Mendes Lopes Z2™ (g #F 5 UEM] T
FE AR AT AR S PR EE T PM, 2 R EUM 4K
S Bl (A IR R 0 ST an AE
FERIMEER PM, 5 258 0] 2 R R &
eI G R AW Sh I  E g ae X
2.2 HAhzhy e

B/ N BR G BE e 7L 3 40 LA AN | BE 25 £ Fn ik e 45 A
SRR PR R T A B B ER Y, R SR 4 il
S T IEAERAT & PM, 5 X BE L £0 155 1l PR T 48 U AR
FAEEMERIAET
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TR AR A KA AR ) A 58w PRI 5 3 99

Rhee S5 WIF5E A B, BEAE PM, ; YR EZ RN, 5%
P Y BE St B Bhid 2% B AR RCE T R BL
G AP OO R R R R IEA G, R
SR BURE b £ YR AL R BE PM, 5 0] B8 i i
A X 2 Ky PM, 5 38 0 1 5 15 IR i 2 21

(8 S A 0 s A% L PR A 8B ) Zhang 455k 31
B S A0 A AR O PR B R G, P Jo 0 38
I I W3 kY 35 19, ik 88 A (i 7 B #11 4))

RIS T AR AR B

EnREM LI PM, ; TTRE B B RS

x4 PM, BHMIYEESERAR
Table 4 Other animal studies on PM, ;-induced reproductive toxicity

PM, 5 Z&EEHHIE

IR R » LSy FEEH 275 3k
) Exposure characteristics . .
Subjects Exposed way Main findings References
of PM, 4
300 mg - L Al1 000 mg - L7 T (0 40 B, AN
) ) Off NS SEEY fEaN s
AB BEZ fi ML K o
Zebrafish hatchlings have a slower heart [50]
AB zebrafish 500 mg + L™' and 1 000 mg - L', In water
rate and a lower number of hair cells
whole incubation period
. AR FET 2 B L4 5 AL R AR
AB BED i it K
5.20.80.320.800 wg-mL™' 96 h The embryo mortality increased obviously [51]
AB zebrafish embryo In water
and the hatching rate decreased
X JAHR UL ORI DNA Y SEAR AR JCHE PR 38 3k 14
AB B it i K
520 wg-mL™! 48 h Increased expression of genes related to oxidative [52]
AB zebrafish embryo In water o
stress and DNA methylation in embryos
BE L #0144 730 T AR T AR W] 0
AB . Tg Bt fa ki 200,300,400 ,500 ,600 K - o
The mortality and deformity rate of [53]
AB, Tg zebrafish embryo 800 wg-mL™',120 h In water ) O
zebrafish larvae increased significantly
S hsp70 2 FIZEEK BC10060 7
T T T I R AT LR IR
LR WAL B PM, , AbFEJR | BT S 5 R
hsp 70 BLKHIZEAE 1 BC10060 ) )
. 1.10.25.50 mg-L™" 24 h Culture The reproductive rate of hsp70 deletion [54]
C. elegans wild-type, hsp 70 . L.
] medium mutants BC10060 significantly decreased
deletion mutant BC10060
after PM, 5 treatment
. I T
WKL ] L LT Y
0.01.0.1,1,10,100 mg-L™",24 h  Culture ) [55]
C. elegans . Reduced larval population
medium
1R TR E 1Y PM 5 XLk ™A A B T,
e IGTCIIE PM, 5 7 A e B 7
S A AU 5 T B A 2 o " High concentration of PM, 5 produces acute
) 001.0.1,1.10,100 mg-L™" 24 h  Culture [56]
C. elegans wild-type . reproductive toxicity to nematodes, while low
medium
concentration of PM, s produces chronic
reproductive toxicity
S AR YT T BEUF R o, 5 R
C. elegans wild-type, mutant type FO AL FE AN i JE TR
hus-1 (op241) . cep-1 (w40). B F2 UG8 E >
mek-1 (km54) . jnk-1 (gk7)., DPM(0.01.0.1.1 pg-mL™"),24 h  Culture Apoptosis of germ cells in FO [57]
mkk-4 (ju9l ), sek-1 (agl), medium increased, and the

pmk-1 (km25).mpkl (kul),
unc-32 (el89) jkk-1 (km2)

number of offspring in F2 decreased

I : DPM /RSB MR
Note: DPM stands for diesel particulate matter.



100 tx #F

PLINN O P16 &

TIfig S &, {0 PM, 5 X O (9 97 4L %% A 52, Sun
SEBIRN Zhao SEPOYY R B, XA AT MW B PM,
AMERFIOTRKE PM,, KUIEZHSSIUEN
B 2, Wang 2557 SeTh AL R SUPURL Y
(DPM, —FhEE % PM, 5 2 53)WT 2 R itfAT T i 2L AR
R, DPM L 8 T Fo A A B 40 M By o T
DPM . E /> T F2 fUEICECH , = PM,; AU
RESZ I AR BAEBE ), 2 2 AR B a2 iR
FEAE S At — 28 510 2kt B B AR O 2R ) B K
5, %3 DPM AR EE R MR 2T )G, hE
SR 3 2 3 1 R DNA 5475 46 56k 5 IR £
FIRR N

3 HlHIFF 3 (Mechanism study)

PM, b= gl o 2% G T 4 43 ToALAL 4y
HALA S A 4, HIR s R R AR
FARRIMAF AR K ZE S, HAT PM, 5 (19742 58 8 1
YEFABLE R 58 4 4R, I 4F ok E N Ak PM, 5 A2 FH
BEPEMLEIAF oY EZAEPTELL T LA,

3.1 PM,; ANk 2= 43 0 AR B )5

PM, ; & Z R TCHLFNA B IR A9, HoAdE R
S0 1] B PR HC B 43 R R () A [R] T AN ], Ebisu A1
Bell® {YBFFE 2 B, 76 PM, b2 143 v, A ) i 4
XIGILE B R M RUCR A — 2 25 5, B VB Bk L.
A BB AR ER T 2 i 26 55 AR R 0 o 52 B i
MIAHIG, BB AN 10 mg-min™" A4 R
K75 g, KRR 10 mg-min™' K14
AR (LBW) XU 384 1 15.9% B 3 ] fig 26 1 &2 41
MIFEPEE R T I A AL 4, Bell S5 £ T PM,
4 5 A RO R 5 e ) T A LA H A R T i 1
KR, KA THICERm AL AR R B
(LBW XUBS: 34 70 12%) ., G & Bk (LBW XL 5 34 Jin
13% ) FE(LBW XU 4 11 10% ) 45 (LBW JXURS: 38 Jin
11%) HULBW XU 30 8% ) A (LBW JXUG: 384 hin
11%), Horr  BEFNGS 58 HOb A ARG ST R IR S
TRIEEARDG  FURER 5 A R B A OC . PM, 5 B2 53K
BESE M A5 , AT REARAG L T 4RA5 19 S8 K, T
JE TR AE L 2 SRS 758 He . R il & PM,
H R R Ay, N4 R A 2 R T5 % T RE ST R AL
R, S EUR LA B 1) DNA i, (HAEEER R,
SRR LIAERR LA U AR T REs i lig L AR
3.2 PM,; i EALNY

IRAMIFTE R B, PM, ;38 35 I R 48 iE AR DY

KB 1A HLAL B A e ok 2% i
S A, A8 AR HLAA 7 Az K f 0 16 PR A PR 2
(ROS), 75 A= FH # By 11 52 AL A 519 55wt w] LG ) 51
LM ROS 7=, Zebi PR3 I PM, 512 41 i
FT-M 2R A, i 219 ROS H 5] &2 BH3-only
B WG 383 Bel-2 RG24 41
EBE, SEME AR C BRI R Y, 5HTE
FIBERTS N1 Apaf-1 454, 3 R 4E Caspase-9 T A%
PR/, P T 24 A 980TSO R T A 4 B A
Caspase-3, 5| EC A =",

LRI RS HAEM G E . AKX
ROS F 59U, 13 2 19 ROS ] S 20Hs 145 B sl /b
R TR, BF A e A B R A
PRIIRE A VRS FAF A | & BFE ROS X J5
T B AR R I 7 1R & A i ot ot 41k ) 1z, o
R TR 22 e 3 M s 1, YRS 732 sh D) g s
S A TR R A R S BB HAT

IEEE LT B RN K P & & B AL e i, B
WA ROS F 2ok [ TR 41 M) {2 PM, 2%
PESHUA R 5 £ 1 ROS S 25040 i & 2F S8 AL R
SR BN INAE , WRIREPTHEST PM, o 4 AR SIS0k
AL & B, B PM, 5 W B G T = A B
BR3P N B (MDA) & & ROS & &
PARC I e N R i RN & R v ] ol
R 2B 5 1 I, B9 S0k 40 i T S bt S Ak 22 1)
{14 1A 18 S R
3.3 PM,, SECRIER

IEHREBLT 2 4 KT RPN F I T4 B4
BURIOCFR | SRE 1k 2 v A1 S V8 feft 240 e s A Y e i
FEAAR AR R A B A IS 5K a7 R LA R 2
LI , X LR S 7= A T 9 PR 1SRl 4 i S
WBIPLARIE & T PM, 5 MBI & S EWLIR — R
1) 9 JiE A G PR~ 1 7P 1 e ol 2 1 A v A TR
BUAR S B0 TR0 40 B e e (I T SR, sk R
PR L5 BE AE PM, s P MEPE R B A fR R IR
TNFa IL-18 il IL-6 31k /K i 3 T+ &, (H it & A
TAELLSE AR PM, o BT 7= A B S8 58 1, AT
P JE IOV 1 T B A AT, De Melo 5%}
MZERY K R ZR R AL B % B K U7 PR 24 3 1) i
Frb e )L IL-4 & ThE, KU PM, s 0942 Ml fd ok B
FEAE TR A R ORE Y, Zhou ZET Y BIF 5T K WA,
PM, , 2% i 5 3052 JL DNA #5475 Fl 41 2155 B 2
WU NS T B E AT, PM, B AR
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NACHT LRR F1 PYD 3% £ H 3(NALP3) & P4 /MA
FEE RS B FR Ak, R B AE 52 L ] FOXOL Y
miR-183/96/182 3% ik 34 Jm, H 4y F P 64K #1 T
NALP3 % M /IMA B 305 DL 2 ) 52 3L FOXO!1 1Y
miR-183/96/182 3% ik 3G I, ¥ A% A S50V R 4B 4%
SRR L PM, 5 AR 4 45 8 €075 2 BRI % N S <A
R AR AR AE , PM, 5 175 5 8 AE IV A2 3 3 0 4 i
W%+ NF-«B {5 5 i %, & fff TNF-a,IL-6 % 4i2
R Tk SR IN, T BRAFE RN,

3.4 PM,; 5% DNA #if)

5T, PM,  HY B e il o3 HA I R B 4 A
HRARNER] Horh | 2 3805 12 (PAHS) | 42 J& B3 FH i
AL AP PM,  #5H7 B FEBURY R, 18
i DNA A WIIE 75 5 A% R A W 2 | e L 45 7
PN N A i I B S Ve N X2
DNA [ 45  RIf[b]9¢ B AT k]9 55 PAHSs
AIFEAR N % A0 — A 3 AR I 8 (BPDE) I 5
DNA H:Hr454 i BPDE-DNA fIl& 4, PM, , HHYy—
B4 J8 A3 T B S DNA AW e ik, 140 Fe**
- IE AU 8-OHAG fin & 4 45 ixX 26 & Wy fig i
1 DNA (3547, 3115 S 3L 2848 | e & nT BE T ok
Y E", Topinka " AR R, PM,; &5
HOK R DNA G474 DL X8 AR PE DNA 43
X 2 PR FH AR I SR A 20 i (2, 2% P-450 Tl 4 1R
PSR, B c-PAHs X iX 2 FpfE A B 52 ),
RIS P A AT T 0 R R LA T A [ 5 o
(¥) PM, ; Yedf, FF 42 AL S0 I J5 ) A% DNA &
HEFTRIN | % I AC BRS80S
WA A D
3.5 PM,, SE0N 5 MK

PM, 1] DSRS0 Bl 40 i e A o 5 R 3, Y
J5 ¥ )37 384 (endoplasmic reticulum stress, ERS) & 4l ifd
AL ELENH Z —, HEEE R R
Pr& 5 (A R N(UPR), AT fi #E 85 1 1E 6 41 8, 48 P 5
PR A R A, AR T 40 I E H AR TR, SR, Y
UPR Hp252 i [B) 2o 4 5303 8 2o /o ), 4 A0 2 i 3 oA
TP,

Liu PR MK RAE PM,, 885, K T 1A
FEDA SR SRR R R W] T i 4 A 1
PR IR AE  Z2 4578 T A v B i 5 A 52 e phy Joi )
43R GRP78 mRNA Fik /K F-01 &8 1T, J&xt IR
I 4 B TEHFATE PRI S | R RS2 durh
ERS (455 8 1 GRP78 HH  X-& 4 A H H-1,

CHOP % H il Caspase-12 #H &k /KFETFHE, 5kE
SRR R B, PM, 5 258 J5 R BB 412 g
P, KRBT B 4 240 B i 8 T R T, e B
(WB) ¥ K Il ¥ 5 ERS #H X & 1 & # GRP78,
PERK . elF2« il CHOP ZE [ % 1k /K F- 24 W & 7 /5
UEBA T ERS 7£ PM, A58t e
3.6 PM, X Ifil 2 5 B 5 B 1 () AR

ARG /N 55 AR AR 207 S R AN i 2 [ 3 Ao 4
JiL A I B — B AR IR 2854, B 1L 52 B i (blood  tes-
tis barrier, BTB), Ifil 52 5 [ A 5 42 (it (PR R BT, i Ay
BEA FYAREE A ARG /NG, T ERS 745 DL IE
W, R AR A R L, AR A
Cao FFMHTEHT T 2R S8, X K EGHEAT T PM,;
e Az I el i N E S IPNYNE S R EAE 5PN
M BTB i8R IR A 4845, K PM, s T T K
LS L ROS 7K, S5k Sertoli 4 it S AL 451405 , 412 ik
HAEAMMBIE T, NITBEIR BTB 1Y 58 %4 55 4b,
PM, %55 fiff BTB % #45 3R A K FH i TR,
ARG AR B R A h W, S B i
5% Liu ZPHRSE PM,, % Sertoli £ Jifd 4 2 i 75
P, KB PM, ; BER5, LN ROS £ 4l
Hahn, BTB AH G 8 (1 By 3k B Bk b, 2F 4808 L 5
FEHEATCT , %W BTB 23] T #i45j; PM,, i£4:5]
2 Sertoli £ ffd A4 210 A U T 1 1L 52 LR R A 3540,
HBMEHR F LAY RS, Lin F 950 & 0
PM,, A]3f it TGF-B3-p38 MAPK il #%4i1 il BTB #H
KM M ZRIR, PM, 5 £33 i 52 i 22 L% K X BTB
T A T A 2 R I Y A S T R A A B F v
AR, O H 2L A9 mRNA gkt H 30 %,
PERR W E NS5 12 #0522 B BTB H 3L,
It BB FE R,
3.7 PM, XA T4k

PM,, i 7> & 2%, £ & PAHs %5 P 43 W T
Pyt e SRR L A AN SR 7 4 ek e
EE AR, MO 40 I BE U8 A6 2B K b R 4t i |
B, SR K ST 0 AR ARG 5 380 T RS D Al e A b
A5y LH & i AT o W i i AR
W HARE R T S, R 0 B T B, S ks
e, Ik LH W2 S 806 FE sz ™, fEiEH
ABRARIER SR AL IR 5T 3 43 AE R AR 4 WA B LH (5%
M) B A S LR ™ 2 SR ER AR, % LH K
PR SRR T AR . Qiu SFWITERF I Hh A B Ak iR
TN PM, 5 SRR T 708 A S T R 12 8 14



102 tx #F

PLINN O P16 &

M E WL K P450sce, 17bHSD il StAR 1) mRNA
Fik KU PM, 2338 28 43 06 T 40X AR 3k AR
FARETE

PM, , il add A A 4 L e 5 S0 S A0k 200 it )
PAFEICIHIE R W W™, KINZE T PM,; 7]
2 RN ME —E(E2) 22 (PROG) 48 B Al P Bt i
F(CG)  F R A i ZE (LH) I B 3 A5 A 2R (FSH) 45
FAERT ) Qiu P A ITIER] T PM, 5 & X ALK
HPG Bl A= 5200, 28 #8578 PM, 5 H 118 e B s 2 A 98
Z FSH(HPG %l iy — 1~ S 5 2H BGHR70) O A6 34 Fl 52 4L
IRV WL REAIG, 34 Bl 25 2 48 20 Jfd IRl TNFo FHT
RF IL-1b 76 F Ffikirh 2k i3 m , €8 PM, ; 2
78 A 38 2o )R 3 A SE A ) T e il D) 8 FEAIK T GnRH
B R Fefli 223k, N4l HPG 4, Ktk PM, ; B
F RN AT

4 R4 5REE(Summary and forecast)

FEH AT N, PM, 5 15 YAl 8K 2 b A\ 2 fa Fe
M EZ R, BT Re ™ E AP R G L0 A
FRYG AR BN LA, B A R A T8 o R A
K S gt 5T R0, PM, , 3] 2 88 X AR BE 2R 4t Je
Ja & B 1 AR 2, PM, , BT — & R A S 7
PEHEHFIECT PM, 5 5 804 58 2 M 09 4 R LI F
FEAANE TR A, H A T4 55 A AL R 98 3
B ERAE A AL NI SE SN DNA 453455 11 A Joit ()
IO AT, Horh A Y BB R 2 PM, s XA BE
ARG — RN R A% O BLE], EXT PM, A2
PR I A5l B T P AR 2 25

XF TR R RS, B T /R K X Sef8 48
Y SEERAL 50 BT L 3R L £ SRS R T AR
AW DA B AR S5 57 240 i 52 560 B R i 2 b FH TR
5% PM, s IEEPERION KAL), 764 5 i a5 b AT LA
ST R 2R A YA 45 A 1 7 SORBESE PM, 5 19
A B

AN, BT PM, s FORIE 4153 o bl &2 2%
ZH PM, s WEEPEVE 32 2O T AR 22 iy, 2
e ELARBIRFP 53 e 45 B PR AR 2 H RS 1 3 R
M, HRTEE TR IT 25 X0 1 TR A 4153, IRtk
TEA R B gE v, 6 T B —2H 53 19 PM, 5 AR 9 B 1
HECRE L B AL A5 24 (5 5 A itk — 20
PRI, Tk PM, 5 1% WR 2 Ak 27 o o XoF 2 B B P 52 i)
Fe K, il GE— 7 5 W 1 A B A SC PEA s o
RER BB PM, I H F B3 BUR il 5 Fiis e

P WA R A KA, e R0 PM, g XA S fi
AR BN R

BIEE® N 245 (1990—), %, W+, 3#0F, T HMAF
REE RS =L
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