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ABSTRACT

ESTABLISH OF MOUSE MODEL OF OVARIAN
OXIDATIVE STRESS AND THE SCREENING OF
OVARIAN PROTECTIVE ANTIOXIDANTS

ABSTRACT

With the quickening of the pace of life, the social competition is increasingly fierce.
No matter work or learning is full of pressure, and excessive stress and anxiety lead to
increasing psychological pressure for modern career women. The incidence of reproductive
diseases is increasing, and the human reproductive diseases caused by ovarian oxidative
stress are growing. Ovarian oxidative stress not only affects the generation of the egg,
follicle development, oocyte maturation and follicle atresia but also reduces the quality of
oocyte and embryo in early embryo development, which make the fertilization rate, embryo
quality and pregnancy rate significantly reduced. Nevertheless, the relationship between
oxidative stress and such disorders is not clear and cannot be adequately investigated in
human for self-evident ethical reasons. So it is very important to establish the model of
ovarian oxidative stress, which has important practical significance for revealing the
ovarian oxidative stress mechanism and the development of new anti oxidative stress drugs.
In this study, oxidant 3-NPA is used to establish an ovarian oxidative stress model and
assessed this model. Using this ovarian oxidative stress model induced by 3-NPA,
comparing the protective effect of different antioxidants on ovarian and screening four
kinds of ovarian protective antioxidants. This has important significance for revealing the
mechanism of ovarian oxidative stress and researching the action mechanism of
anti-ovarian oxidative stress drugs. A mouse model of ovarian oxidative stress can be
established by intraperitoneal injections of 3-NPA.
1. Establishment of a mouse model of ovarian oxidative stress
The aim of this study was to establish an animal model that could mimic the
characteristics of ovarian degeneration induced by oxidative stress in vivo and investigate
the effect of ovary oxidative stress on the follicle and oocyte development. Kunming
female mice were dosed with 3-NPA (6.25, 12.5 and 25mg/kg) and saline (control) via
intraperitoneal injection for 7 days. After dosing, ovaries were collected for histological
evaluation of follicle numbers, granulosa cell apoptosis and atresia, and for measurement of

weight, ROS levels, mRNA expression levels (Bcl-2, Bax, SOD2, CAT and GPX), and
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antioxidant enzymes (T-SOD, CAT and GPX). All data were also measured in other organs.
The results indicated that at the 7-day time point, 3-NPA (12.5 mg/kg) increased
significantly the percentage of atretic large follicles, decreased the weight of ovaries, and
reduced the number of large follicles compared with controls (P<0.05). Moreover, the
number of ovulated oocytes and early embryonic development capacity were decreased
significantly compared to controls (P<0.05). In addition, 3-NPA (12.5 mg/kg) also
decreased significantly, the ratio of Bcl-2 to Bax, increased the mRNA expression of
(SOD2, CAT and GPX) and ROS levels in granulosa cell (P<0.05).Collectively, these data
indicate that 3-NPA induce granulosa cell apoptosis, large follicle atresia, and increase
ROS levels in ovary. Therefore, it is suggested that we have established an in vivo model of
ovarian oxidative stress that is useful for studying the mechanism of ovarian oxidative
damage induced by free radicals and for the screening of novel antioxidants.
2. The screening of ovarian oxidative stress protective antioxidants

This experiment adopts the ovarian oxidative stress model by 3-NPA and compares
the antioxidant protective effects of different antioxidants on ovarian oxidative stress. In
this thesis, antioxidant activities of ten antioxidants such as Vitamin C, Vitamin E Carotene,
Glutathione, Gallic acid, Curcumin, Proanthocyanidin, Resveratrol, L-cysteine and
Coenzyme Q were measured. In the study of antioxidant activity in vitro, ROS level and
activity of the antioxidant enzyme such as superoxide dismutase (SOD),
catalase (CAT) and glutathione peroxidase (GPx) activities in ovarian tissue were used as
the measurement index of the antioxidant function. The results showed that the ten
antioxidants exhibited different antioxidant abilities, L-cysteine ,Gallic acid, Curcumin,
Proanthocyanidins, Resveratrol and Carotene can significantly reduce ROS levels in
ovarian tissue (P<0.05) and Curcumin, Resveratrol , Procyanidin and carotene can
significantly increase the weight of the ovary (P<0.05) compare with model group. Eight
antioxidants such as GSH, Vitamin E, L-cysteine, Gallic acid, Vitamin C, Coenzyme Q,
Resveratrol and Carotene can make compensatory elevated glutathione peroxidase
(GSH-Px) activity in ovarian tissue significantly decreased (P<0.05). GSH, Vitamin E ,
L-cysteine,curcumin, Vitamin C, coenzyme Q, resveratrol and carotene eight kinds of
antioxidants can make compensatory elevated T-SOD in ovarian tissue significantly

lowered (P <0.05). GSH, Vitamin E, procyanidin, coenzyme Q and carotene five kinds of
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ABSTRACT

antioxidants are able to make compensatory elevated CAT activity in ovarian tissue
reduced significantly in ovarian tissue (P <0.05). The results of the experiment showed that
ovarian oxidative stress can lead to ovarian tissue oxidative damage, promote the
development of ovary related disease. Antioxidant supplements can dramatically reduce
ovarian oxidative damage and improve ovarian tissue antioxidant function. The study
demonstrated that the mouse model of ovarian oxidative stress was successfully established,
and the granulosa cell apoptosis, large follicle atresia, and increased ROS levels in ovary
could be observed significantly in this model. By comparing the protective effect of
different antioxidants on ovarian oxidative damage, and finding that phenol antioxidants
have strong antioxidant activity and have a very good protection against ovarian oxidative
damage.
3. Study on comparison of different antioxidants antioxidant activity in vitro
To explore the protective effect of different antioxidants PC. VC. NAC against the

damage on mouse granulosa cells induced by 3-NPA. There were five groups in this
experiment, namely negative control group, 3-NPA group, PC (50ug. 100pg. 200ug/mL)
VC (25ug. 50pg~ 100pg/mL) « NAC (25ug. 50ug. 100pg/mL) . The model of the damage
on mouse granulosa cells induced by 3-NPA was made by culture in vitro. Morphological
changes in granulosa cells were observed. The survival rate was detected by MTT method.
The levels of SOD and MDA were measured by chemical colorimetry methods. The
apoptosis rate of granulosa cells was detected by TUNEL method. Results : The oxidative
damages in granulosa cells induced by 3-NPA in PC. VC. NAC groups were relieved as
observed under microscope. Compared with 3-NPA, the survival rate in PC. VC. NAC
groups increased from 53.7% to 85.3%. 63.8% and 60.5% respectively (P <0.05) . The
apoptosis rate in PC. VC., NAC groups decreased from 38.2% to 13.4%. 23.6% and 25.8%
respectively (P < 0.05). The SOD activity decreased significantly in PC. VC. NAC groups,
the level of MDA in PC and NAC groups decreased significantly (P <0.05) . The levels of
mRNA anti-stress genes and apoptosis-related genes decreased significantly in PC. VC,
NAC groups (P < 0.05). Conclusion: PC and VC has significantly protective effects against
oxidative damage induced by 3-NPA in mouse granulosa cells. The mechanism of
protection may be related to anti-oxidation and apoptosis reduction.
3. Ovarian oxidative stress on reproductive performance

The aim of this study was to explore the influence of the ovarian oxidative stress on the

embryonic development in female mouse. Female mice were dosed with 3-NPA (12.5
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mg/kg) and saline (control) via intraperitoneal injection for 7 days. After super-ovulation
treatment, the females were paired with a male (one to one) overnight and were examined
for the presence of a vaginal plug in the following morning. The day on which a vaginal
plug was observed as considered as Day 0.5 of gestation (0.5 d), the pregnant mice were
killed on day 7.5. 12.5 and 18 respectively . The embryos were isolated and collected. The
number and weight of embryos were measured; the dead embryos were counted. Results:
compared with control group, the 3-NPA treatment group decreased the growth of pregnant
mice body weight and the number of embryo, resulted in the increased of the rate of the
dead embryo. Conclusion: Ovarian oxidative stress can reduce the fertility and reproductive

capability.

KEYWORDS: ovary; 3-NPA; oxidative stress; antioxidants
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FLAE 1900 47, BEFU- A THEIRALERAINESL T =XKFE A HE, Ak
HHAENERGFESITAMTNEE. 1956 4F, Harman N4 FEWZIAERRE
BT BHEZRNER, AUCAPEREMAREKFRF S FaiRE. LR
. SBETHEE IR R R ZER RN R ERNE H hEFEEVIRXRR. HRIK
B AMLEIESE, AN B HENSEREFEREKTENBRMAN, EIENKH
FAD M ENBI B R R IR A REE R T RTUZRH T M. 35 H B B
REFIAZNEGR. PHMELTTiE. U, BERELEERYRYTUEEE |
EXTHUARRG, EENEE R,

HiE (radical), fEMh% ERZA“HEE", REUGYIND TESREHT

Chm: k. #REE. GRS, JLOrERAHRIMIE A BN BT R TR TH.
HTRTERES T, HWERTHBRTRERNEE, HikEdERSIL LT
HEMRET, 58 CRRBERBENDR; EhFED, RIEXMAZRKRZ A

BHEF=ATE S, —RiekMEER, —RGwEY, ZRAEHE.
H BRI ER, FRARZREEATERAET, FHEEFHRRNSBER
HEALRMKER . KEHEBERNFELR, FaEy, flagahEE8RNRE
6-10 .

1.2 BREMFE

B HEREYMAER EAW S EP=ER A=Y, RAERFEAR R 5 AR
HBEASNENE A . 1. AREABE BIGEGTENREN T adnEyat
RN B BEEACATRE B B, NENE A BEREERE: O GREYEWL,
WA —EE RS T (MLEH. ARER C. NAER. ILRBES EEY
FMIRETFEFEERE. O BRRN, WERNETPRESEMBRIL™4 ATP 1



/I P BLAEA S S R 1 37 DA R B SR M B S R

W2, SMER PR KB REIESA B . 2. SMETE A B IR AR
PREERIR BB R RS 5 SR BR300 B i B oM PE B i3k, b
PEE B AR EEORIE: (D) MBS, WS Pl Iab RS R R, R
SR B RS, () RERRST, WARAES . BT, RAMES
Fo Q) Y, WREHUAER. FUBSY. BHBURA. RZ CREFL BRERD %,
@) HERER, mESE (8. R, 0%, BIE, . REEL. 0. &R, bt
LA EAE S Y 55

BRI L, SATRIAETRIASE R BT T B s, ol FE = i, 2F
B HRERS, AP RO ABRL, AR P AR S S X L I BT R
JLE, EERMNMEE (B 1-1). Ak, SERERMRIER4 0 B B EER G
ARG, FETSHEMZE . . . O, mILE. BERRS— RS
ARKIEAR S B . FEIEHHIZEBS UL, 40 N A EE TR R R ST T g
LOTEER B %, 8 hENE RS ERE TS PEZ S, NEPAREEER
fEM . (BAEREREOLT, B THUA RS R A R 2 B A A R Gy, i
M5 1A R R E i, BN REERTIRHE .

&
q{%‘,&\ p §
%y &
Uy ,‘&
Ritga Fg
T gy, V-
2R ICRK s o
> 4
&%‘5@* \$’@;

BRERE BERIEHL  ERBLAAAIRMS

-1 BEHENRESRE

Fig 1-1 the source and harm of free radicals
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1.3 BHRESFHE

B B E KRR LA A BUT LR

1. BEHETAMRE, MBEHET (02) MR EHE («OH), BEHETE
VAR RFER B HE, ARKN O ELBR B FRFRAER 027, A SOD &K
R O2VERE, REME (OH) MHEFRIEEER, BSHREYRRERN, H
REEGE, FUBAMEHSRETESHAER. T84S (H0,) FHREEFSE (10
#HARBHE, B0, 2—MEHE, 10, REERSHSTE, BB TFEHEENTE
5.

2. BRI E ALY A B, iR SR RS B HE R, ft58 8 HERO)
T B HE (ROOY %, RSN RBERFMEAK, 4H GSH-Px fE
BERRBEREN].

3.H A, w—EMAE (NO). EEHE (Cl) MFAEHE (CH3D %.

HARE, SAEFEERZWWEEE EHEFTERUT 57 OBEHAETF
BHE: ERERFUEFARZNEHE; OEEAS: BRESERFEKBNE
EEHE; OREAME: EhNEERERKN B RE; 5 REN RIS KN
MG, BafBiiE. BR. B, . EERTEVENPREEY RS T
RAERN, #M5IRAMATRILT; QRESE: EPEARSHEERRINEE
HRSERBEAR B REEE, WRAZEESERERN, maThiE 8 hEY
B OEEMAER: EARE B HEYIENRNER=Y, BRXII7EH
JREER =4, BEBREAREN YRR EARATERL, kINERERESE
HRMEREREER, HAmFER4RMAREE~ERE.

1.4 BHEFRR

ANERIEFE3) KRR SN S22 MERFE R EATP), THEERIFIEH
BERBEENFNBFET KEBHE, FARENAEIEE LS B HERTR
. M8 EEMESILTISFERN, EXIEREERN. AAESHEENET, W
RAZY. SHERIE. W, RENEE, BaENFESERRSEIINIR, Jm
SIREMER. BHRENA=ETIAANTE, XARETIESINE, FHEk e b
MR EEEHE:

1. FANGRBERPIEAER, EFERIGRATHERRELREZ, g
FALEES (CAT). BEALYBALEE (SOD). Bt H LTSN YEE (GSH-Px) A&



7 BB SR I S 2 g 57 DL K% B SRR AP PR SR U (¥ i

B (POD), XEHEAY AN M A XA hidE, BEHHOHRA
MRS ER E B,

2. MANGEINERTER, BN ETEZEQBELER A AR C, H4ERE. At
Hik. % bR, SBRHEMT. MEBITTEM (Se). THELAFE. BT LR
RHIRTEEE S, BRURIRTUI R Ry, HAEEE NIRBRIL (A RICFATEER B b2,
P

R, ZAEARAMEREE hEN ANAEREE, AMUEKERBREGEER, 08
MM SMNEE B HEERR, A R RANIEZ A Hg LR, A EyLs oAk
#BEM.

1.5 ST ESRE

BAF PR TR AN AR BN R GRS, WS A NI E RS
WERERRR. NEENEROREBERE R, mmfs. ¥ERA. BLE. MR
Fo SNEMERREZQEAEGR. RANE. BB, BHE. A SN
PR S EET AR EERNER X, . WE. BZEs). R4 R
PUBZY). R CRAMREES) E2%; WRTERYRNRZ e FEEN B,
MYV AR Z 4R B, C FIEITTRM . 5. XEHE R AHLA R/~ it 821
R EHE, NERRNED R T (e, EANKRS) A, 50
WA TEIASE, KRARFEZEMBRNEEMRIE. EEREREELT, vUkamKn
FERTIRAAR BEW R IERRZ R H0 B B2, 8 R4S BERAE T8 T
2, ASMPEFFERERR. AN —EEBRE AR RE BT b,
WfESf%. WMEIW. AREkEF. BEREBLT, dTEEEAREEREE
BHATIEMARE AL, BT 3R EEA NG FUd S N5 3 4 s, A FiE %
FNZRABSCHR, WOMER. . ZERRE. MERmAmED. KEMRER
W1, FACDNBRE 5 e 2 P ON AN, WAL, IIEMABL. SRS R e,
X EHE NSRBI AT RS 2R N\ BY AR AT, LR 5 A4t
RS, KEZM. A, BASaFEERT . R ERTE, AN E
R BN T A REA B, BRARATERA, FARB TN THREHSHRE
SAEHAERTR, FEASEZ ROS B, HANXCRN ARMIYAETHEES) T
MEERFRZ — (E 12,
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Oxidative Stress

Lifestyle Factors

[ Reactive Oxygen Species |
[ozc‘rﬁHZOZHT-OH J71ONOO]
i ﬁ'\N/ \\,»;

PCOS |

[Endometriosis |

Undernutrition

i Preeclampsia |

Age-related Fertility |
Decline & Menopause

-Unexplairted
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Preterm |
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' Spontaneous |
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1-2 SR A A R

Fig 1-2 the effect of oxidative stress on female reproduction
2 SRR W 1 A FE AL BE BY S0

SEACRLIAT R AELENE S R RN AT, IR EA N 5 1R 2 O S5 &
DIAHSR, WnORiEDIREEiR . Wb ERELAN 2 O LR AESE . O SLEAAL N BA DU i
BT RA IR T . SR RN DR RIRAT, IR HE R R R BEAR ARG B DL &
RIMEIERE, XL T B EEPLRER T F%.

2.1 SN SINRRE

FEIEEERT, IIEAS~E—EENR ROS, XIEIMAKE . BRI
R T AR ER AR, @R o0 SR A0 i IE FACEE PR RR RS . BRI A
ROS T, aEde. SVERIE. W7, Bkt BN, B SN Em
PR, 45 SR R O R RAUBURE R IR R B R T, ATRES BN A RS . B
Y, RN ROS AT UM N BRI e, MR omaRan i P Sk R
Aets 5 HEMFLE 0 T YT, I ELIXFI ST Ao A B8 2 d . Ry
S MK ROS 4EFFE—E BRIKY, ARE4ERFIER AMIIRE, REEWRAFT. o
0 A R S, B9 0 YRS T A CR S 59 BRI 4 T ROS o a4 AU
Pl REBILELIES, SENSH WIRESTELYES, & SOD. CAT. GSH 4F; ik



/) BRI SRS AR R g 37 DA% B SR R AP P S S I (D T ik

MERPIENY), WYEAR E. 4R C. BHIK. JRERSE, BRI iedit;
ABSAR IR R (19 ROS AKF . HRFTHRIE, PSR GSH-Px, FEARZeicttop
IR K B B RS, 9RiE A KT SOD BERS A B IEME DNA KIS
U, BFREUES:, SACSARes U RIATRIL, IRGIMIRIA IEImE I EcR, s,
BEASE RIS 78 B AT DA A SRR EOE, 120 s p S sk Pl ¢
B BEEH SR, ST AR IR B R R i BB Y. BRI ROS R
FAAE R Z (B I Bh A5 T A0 T 4 5 9 1 40 AR SORL 40 i 9 1B % R iR B AR o e g bk
HIfEA

2.2 |HRES TR ET

MR EIITRE, ERTREREF S A — RV EFPEEE. REMFE
& MATE TR M TR R AR A S R R AL S, RERVVENAREESD)
SPEREARTER . FRERBAETIRETELETIERZ KA D& 5 B Ear 40
M, #AETRPEMBNIEELRS:; ERENHETETERFESNZEZAMME, RiE
T B RfkRE.

MPRE BT EEFTAA: D &hffge, FEHRMRNBEERTES, W
bIr 5%, BN, ik, EEREHT, FHRMAMASKAEETE ALK,
M S E M E R C B AIF BN, AfEE CH% 5 Apaf-1. ATP/AATP B HE
T=/MA (apoptosome) ,<3F Caspases 9 #iif, 5|4 Caspases 3 #iE LA & Caspases
FIRER R R, %533 DNA FIRE. Q) T 2fkigft, FEH Fas. TNFR1. CARI
S 4%, MEATAERIBC4& FasL. TNF. Apo3L %55, &4 534 2 (&
1-3).

BRI EEFERNERE, ZEMBASZHEER M, EHEE (reactive
oxygen species, ROS) BEB5IRFE TGS, RALAFEUMBRAAEMET. IIHEANRMIAE
S IURL A O B 58 434 TR T AR IR B E I /EA . ROS 1E A SR N R B e vz —
TERURL A Mg 4k . WP RUEEEA A, S ERER ROS 1] LIER 3 51,
HESESIEFTREZEENEEEMH; SNETER ROS /M SHLIMZ
DNA FZkkifk DNA SRATEAME, M —SLHEENBSERNE, MBS it &1L,
AN, XETRNHS5IRMABAEAT

WRRY, EFZAERT O E PR A AT 5SS U <, Bk 40
7E /> FSH B4 T 855F 4h 5, BeB A0 I 2 ROS M= 43 B x TN T Bk fu i Ja s,
VBT ROS WIiER T B AT, 8- BERA ST (8-OHDG) EFALNVIKS



WERGRR R RN SE

2 DNA ¥ G (0% S r=8, ZediiBh A5 IVE i, #0102 8-OHDG /K525 2 I
WA, BRI MR, B R A A K 5 R A M A T e R R s
A AR EERY, Bsh, W EATI AR S A T, wrE VLAY TErud
k. REERERE LSS PP,

TNF-a Fas-L
S,

e e |

Apoplosome complex
hbop formation p» '

= 0, =) Nortnoxia

i
Ubiquitination

i ' .
Ubiquitination
' Gl ' ~ Nucieun _ proteasomal degradation

proteasomal degradation

& 1-3 ST SR TS S @R

Fig 1-3 Signalling pathways involved in ROS-mediated regulation of cell apoptosis
2.3 TR AR T 5 DR IR A £

GR3 P SR A IR S e B IRV R B RS O RCAEGER B0, k4l
H B 5 /AL B T A, UL A T B U P BR AL . T FL B R P B
BN LR — R L, R DRI AR K T B AR N, TR B M BOE 1L,
S22 £ 9 SISO AN P P T3 S o AE BRI R SR A BV I I BRI R BRI
KT RO RT RO, SRR PR A R L. REBEFKES MY LIEETTRE T



/) R GRS AR Y g 57 DL % 5P B OR P M LA I 075

B S0 40 B T S SRR PR B R TAE . 1991 4F Tilly A& IRXS A0SR 41 fuid vk 4
1E 57 PRSI AR P 7). BB BT 9T A G SE27E 4 (Jolly etal.,1994) 4752 (William,1995).
¥i(Miki etal.,1998)5F KN ¥ UESE T PE P B 2k A2 Fh B I 7 O SL000: 40 A v T i B
%

Sk AT G R EE R B IRELREEY . WE. F54£ %, KRR r4ad
AT . BEREENT, SPEABR YRS 4E KER ROS AI{EF A S kA4 1H
T3 A B v P BVOE A B A8 O R AR E AN BRI T 8070 E . BF9T EAESE, ok
AT SHEEP NI B R E R E 2 AR . Lee Z83R1E, 59V o Bk 4 f )
VT A 5 IR BT T HER B2, Corn 5K TN, 50 B0k 40 B T he
1% AR O BF R PR A SR BB BTS20 T R R B e 11, Ok M 208 7 513 B9 B
B, W HEIR B RO TR B LAAL, TR RS PRS2 R RS IR R 200,

2.4 SN SMEBAE

G R B I R 2RI AN A A A T, KEMEFEEARSLHR
BERYI. MERES ROS KI/K-FMPLED T BHshA-FEN T F . %
BHREAEEAEZENEEEM, HEIEMR ROS XTORERHZ. HIN., SZRME
PR B ATEREZE, 7 SEENFRERMME AT, #mTHEE
ToEIRZE. BFFTAEL, SRS ROS /KFMFtE, BEFEE VAR M oy sk k1
EeBil, BERERFIK SR R 32 2 B,

IR, SEHEALL, BT HiEILEE (CAT. GSH HI SOD) MIVETERIK,
HFHPEAREEE . Gunter T 5638, 7EXRMEIBTHELY) (CAT. GSH. SOD)
HIE T B E KR 20%. 7%H1 10% . EPEEE Bi%E (ROS), B4 A H3t
FHE T (superoxide radical; O,). i L&l (hydrogen peroxide; H,0,). ¥ HHFE
(hydroxyl radical; OH), D KEMRIESLREB I EIN FRRAMBEIEI LTS .
AAIMAIG R B, LSRR 2BV B RS VA R R B0, 5 IRE SRS R A T Bk
. MIREFFRRE &=k — 221 ROS, JUHZAEKINEFRE, MG E SR
A E RN =4d 2 ROS, SEK ROS ¥&FFEMMNE4, Mk
BEMRERE. ERBAFKAKERY, ROS HK=EWHHAFR, ROS X & HE
RHIEZMRELEREE, JTHE 2-4MbrE, dEK ROS «FBUREF M, XE/DBRM
CRMBRKE T CHEENES, KER ROS Al {FHMIBAE R, BN DNA 48, 5
A 2-ZNPRBRAE, SECZRINAT- MR EZHEPY, Yanget al. ISR, WRANTER
2 5AaN ROS K& E2 L B FIEM . AR ROS REM 1 H I L4 i &



XER B8 SUNEHASR

BRI FRIZRER), BRARESTEER ROS HeFBE MBI R L HE T &R
KO FRE. SHERRBEMERESD, Fik, EFRIMEIRIETH BT
T 8BS URABEFES ROS M= ARt 0 4 AR ER AT AFEER Y.

3 3-FHEAER

3.1 -FHERERIBEL REYEFE

3-FEHE M (3-Nitropropionic acid, 3-NPA ) JHBERILEY, 4FEHN 119,
YK 66.7~67.5C, BesT/K. Wl 2B, ZBRZEE. ZBMERN=8FHK, &
AETFEMAHMEE. ZEREZEGT, E2HBBENETERTHIOHEMN=ENEE
RGPy, TREKEBRHETEENH ETERNEATEREAES =4 3-HER
REIRE S, WAME—SRSHEYTHAE -HERR. HRRE, s PHENH
FERE P 3-THERRK & EKRLAHN 1 700~2 083 mg/kg.

3.2 3-FHERER IR YT 545

3.2.1 3-HHERER AR

YKRHTFRE, 3-MEZE NIRRT i ROl I s LR, TR B
L 9 F R A B e M I B ) DK 0 8 12min 26, BE LR DAS &5 BB AR SRt 1o 1k i 5
MNARPHAT AT, F B gl R A, BRI, FRERY,
KN BHEE L Z5)5 Smin B RELERTHE A B X U 2 3-FHZE IR AE.

3.2.2 3-THE A ER AYHE

ENVELS T, B EERAQBERL &R, BHEE 3 RZATTARBEMZEE T
Rt E S BH 22.3%, HKNBUREF=Ya o THRALE S a8 F.

323 3-IHE RSN

BRI RY], NRERRKAES 3-IHENRRI LDS0 50 mg/ke, HEHENRZED
JEiEE, 3-FEENERK LD50 4% 100 mg/kg, MEfE/ B LD50 K414 68.1 mg/kg.
3.3 3-THERERBIERAN I

-IHENRN VAN —LEENERSE, WRHRHEE. SEHEH. A8
REEREE. RRAMBEEARRERRMEER, Y T RN = IRRIEH



/> BRI S S A R R R S DR 0 SLOR P P SR I I

FIHEAT, SRABMERSTRE, W ATP BIERK, B 48 90 A 25 4 S AT
5. LA, 3-THEERRERERTE A AR FIE R EY4EEF I (NADPH), NADPH K
ERE S B TEMEM, AWMEIEREEEE B bR

33.1 FFEMESE

PRSI EES (Succinatedehydrogenase, {&iF% SDH), 240 P Zhi ik A B A0 45
i, RIERFMHRBRIE SR FEENESERAY —, hHEZARP LR EME
R AZ A M R SN BE PP B R i 7, AT — AR AUPI = RIBIRI BT
FERFats. SN b, 3-HERARSIEHRIEFAAL, P EIUE A et 535
REERELE &, Andithals SDH MAYEME, AWML TREPESEITM=
RRIERIThEE, OB SEC ATP B4 BAE SEN B ERS, Bk, K
RS 3-IHEE ARG, ENALS TR KIEHA B HEIITE Y. REHE.
BENRTFEEEAS, WIEEEBHNERENRT -HBENRES 4N, FH
TN FIFPZE IR B i A Ot S P S AL S R P 0, 3-SR TR &
LRI R T ROS, [FIBT IR REIR (G £ KL B IR Th g, Sehi BRI = A2 1
ROS BEHS TR AN A AR B2,

3.3.2 ¥F4MpEFNLE L0 ph1E

3-THIL MR AR S E 4K 1 (SDH) ¥, XAREHAMENMmAE C
K& &, R EEEBUEMMA caspase KIS RIRE, FEMEMN5E, T caspase KK (caspase
8. 9. 105 3. 6 F17) MAMRME C AT HIEFER THREEEEA. 41K
B C o[ PUE caspase 9 FEF RN RAMEART. KEANEEFET S
-IHENERE, RSN RARAEAIE, FRMEMER, X5ALRLE
R (CFEPEREM . BERPRAE. MERGSIE) MIERERIEFHLL, BTl 3-
THE IR S A SIRIR B R B 55 S 250



XiRiR B HENRIASE

FE BELFIAREGR

FEHEREYANFHRRROER ™Y, XEVEEEFARANEREH. b
B ROS MAYARERERNEREM, MARESES. BRGNS, B34k
HIPLEACRE I FRRE A ROS A B & (7 AL AITE BR 2 18] K 3h 7545 R BIRK
0, BREMNEH, X5ARFSEERFREFERX. HiEMHF (Antioxidants)
RGBSR EFMER NS T BRI ERT A RESEZEMAFKL
FRN, EXASRTAESRE, NTSREERN. ZitRMAETHRT,
41 A B B AR BRI T AT RERIIRIE A A B el AT 2% 188 J X 48 7= A2
Ry ER . MIEMAFEEREER, FlmgEER C. K. 2HBE. UEHRAEIEYD
FEHIEERIIELRARI A, TEHRSFERARERN, BEMHIRERKER;
PR RCUR S T AEEFERRENYRFKF. Bk, A sss R EsiaAs
RERS A ROt TRRS N LA AL AR R R R A

1 S L FIR A

FEERAS, TUERTHH A AENREAFREERET, MKk, B,
B RLI & AT & S B AT B TR R A RRLEAH S5 4N B R
Al HZFRSRIEHUEALATT LA AR IR S MR LA NIRRT R T8
Pk B & &A= E RS R, B ELEEEOD). AN EE (CAT).
B REH RS EALYBE(GSH-Px) FHIRAMINE; HAER. BRR. VNS EBED .
SMEHEREMTIRIEAA TS RKAEY, W BHA fl BHT; BRAEYHREEITIE
Wt , WmEmE. EVESE. BHRSE; UREBRFTHRHETRK, M. WM. &
%

2 MENFIBNERIERSHE

X AR SNEETIEACTI R YRS 5,  HAERHUE AT DA A BT
JATTTE: (D) FEAYAIERER S H07E B85 v E3E FR 4 B9 ROS, Bk P9 ROS
M. (2) BEREESIENYRIAAKE, ATTAHEEERRLA A F ROS.

2.1 #EEFEMEAFIRER SHIE

B-#HE MEE—FEERN AL INIE YR 1929 &, Moore BT LK K,

11



/| B B B S AL B Y ST DA 50 SRAR A SRS T 1 e

B YRR A PIKRAMA B-iHE PEEREZEREHNYEAER A KFE, ANMIEET
Y D RBETEERNEAEER A, RIEEET ANEM, TR E A 4EE T A IR
I MER EAAW P S RESTETER ROS, ME VA 58 K BHE FRxX L v 4 5,
R=SHARENT . FRAKI, AR 44T A BB IEH ROS B4Rk, M
51 R L AR E M R A S A Ra R ¢ B, p- MF PEaEETEMASET
HiHl ROS AR, RS ZERREASE, BIOGEBIEN, R BELEEBERA.
RN SEIHINRAE, 4R A BAER ROS MPtEiLifizhag, GeiE|flE R SEW
AN ROBERAR R AL, KEVIFIRE, 4R AL - Y MENUS LD
e 5 NSRBI R, EATE LIS SR A Y3 PR ). SR
RIFSE, AT AL B- i PERAREN. MENRYOIERIER, WA R0
HELC R R, B TN T O AR TR A vA T,

Y443 C (Vitamin C , Ascorbic Acid) XY L-FudR iR, £Z—FokKEtEged %,
FEARRHERTEREFE . ERKEIYREDHETES, HT RAEREE BN
WATAAER C AR MUENEELR, FILASSBI MK Pk % c,
T AR EYIRESE T B AR AN & BT R BB R & 7w, Ve ol DR it
AT, R A M4EAERE, BWBPIIEE EMANEREE. VC &2 —Fiiis
1h5w), HAGHEMN, MEFAREBPE T IOE o R B A M Ik, Wk iEsiE
ER . YR C A LLREALE, NAfLLgt R A 7E T W, PrbAnlfE i Efk, X
WEASZENE, EERREAEELESRRIFEEEMEMA™. Sahin ZPM%i5ERE, AR
RSN VC B B PR AN BB T AEILTE MDA K& &, MDA 28 it E 4
PRI B LTE P R AR . 4R R C NMUEBTHRRE RS T1ER M
H, FMBRTFRABIRUERBAE SR 4EER C EERE TEERENE
M. FREIMK ST RELRE C, EEERSFEE PR TIREINER, Bk
KT, WO TR DR, 4% C BRI R T W DNA RilE A Ak
FIt, BRIEFAREEEER MR RSt EAERENEESR C ALl
HRAHPH BG4 H S R IIE T, I R4 R RRRG R SR R d A, 44
ECHEMMREMERE, FIWIAREFEFEREEASRSTEEL AhE, XK
TR BEWAAF . Tarn SR/ EAN R 44 2 C A E Aels B 185 00 FOUMEBS
Ja B EITE R . Hossein EPTIESE, EMRTASMEFREFRMEER C K
BRI ZRMRET R RAE. B R, RENGHNEEEC AR, F4EC. &
BEH AR, -SH BBeE R E HPiEie A&, ERRAEYEN BB, PiibiERd sk
RNV LL R R A2 IR FE A, RSP A A 1R 5 A .

Y4 FE (VitaminE) XZ4EFHM, RIEERF o—EFHEYEER—RY I,

12



WikErid BT RIS

VE 5 NN PHIEIETESEZE VIR AR, VE XM ANEEEZAERTI R
A, EHEESIY, ERRSERE THIAR, REBTEE. HAMMNE; EHEED)
), EREHINEKRE, RERAE, BEASE, REr-FEmsERE. ik
#E VE 2 EEMIEE ISR, BRANRIENAEY B dERRIMPIEALTZ
—D4 S REMARKRY, VE WAL AT RO TR OO . SIRKERERE (LR AE
BRI R AEPTE, RS IROIEE TR, VE BRI ASEES S AR A R .
BRithz 4, VE J& R B 40 0 = Bl BRAEUAL, BEAR 40 P SR AL 205 80K DNA #4500,

22 SEWEMELTBIERSHE

RE—SRFE e AEY, . #E. REFESE, SHRKENBEY A,
XY R R, BERESYW ERESFENBRT, MEITERERTERSA
— P NB B E R ED .

FIEEE, HHROPC, &—MABFRKRI FEMKAEYEEN, 2HEF LA
INFIERR AR B HEE AR RARENF . B EMAFET KR, B —8ik
B2, SARMEREEREMAX. EFERREZSMAIUEH, OPC HAEBEKHT
FALTEYE, R—FEAEE IR B dEE RS BT S I EIe, el Aah R iE
HHESI R, WHERR. OIERK. XWRZ. Bagehi % ¥ Mk,
FIEE £ E BENEMNEE S EVERSOE, VCHI20f%, FHRBGR#EE4E, HAk204:
P RN T A B B ARIR S, AREPEFERNAT/ I Z A . Ying Lufs ©Ixip fuvh F e
HRMMEMLER B mEN G, SRExR, RIEETERERBELDINIEE T ZVE
BCVCHI10~301% .

HR AR R — YRR RAZ MRV, ERENNATREAEER L)
ft. ERAET/KBRBERPHRAPIEMAN, WwwEaE T @EE. mEtSE8Es)
TS A AR, RHEAEEAETEERS. ©FREEEREGNE B hEEE
B SMEIAE B AL TR R N LA SR TR AL R IR ALER . TARR
W, BFEFAESHeRERNZMmIE— . AMURFIEERAGURNIIRERT R LR
] B2 AT MUE PUAR TP O LR, EFHRIE. PURE. PURERM. AT HRRAE.
FIFHERAFDG. TR, BEFESEEAR 1.3 pg/mL i, FEEHZHHK R
MHL ) B RN MR 1 HoO, SIS, X/EG. B . BRI RIE R
G By B BRI R A .

EHERNER REERTH—E2EY) IR ZPRE —M s, Hb,
ZHEAT 3%~6%, BTZMEDF, eBhiasih, seRtts ghmiEnT, ik



/)N B G SR SR R 3 57 LR 9 L ORGP R AN B

MEE., ERENTEAHERGHEML. UTE. TR, Bi5. BEHREME. JiE
% EHEFEN-MEPUEN, BRTENEN-IER T, eSS IR
U5, MIMTEIELSERIP RS O, gL, EHEN NIH DNRML. FF. B,
BRI 5 MR EALI AR BENMSIIE S EMIEH .. ERETRESHER SOD
1 GSH /K, *4EEyER. PRIE 250mgkg) FIAREHARERE 15d,
KINEBEH IR S-# 3 8 (GSTs) KIEMAEMRERIRE T 1.8 5. el T @ im
ik, @A R R R IR AL SOD M CAT KF, BB AHM,

BETE (Gallic acid) IR AFEFREGER, Z2—FHEIER, THTAGET.
BRE R, BESEYT. IRERY, RETRAFREAWL. BHRAEHE. K.
PURBFEZMAYFEII6E. PIRIFSE, W TEXS Fenton N5 RIS A B hEH
BTREEREM, X CYP3A FIENFEMMA BZHHILEM, nTRE{RHMFIH A
ROS B B PS8 0 IiZ &7 R, Aets B Al U & hmx 5 | 2/ K R BT 345
HHLBIZMLT SOD KEtEtE R, MW A MBGRE BRI ER S, siscizm, %
B TR UME v SE3EMNDNBRARAL TS Mr= L, S DNA FI40 i E
FIRPEA

2.3 BREETIBIER SHE

4§ Q (coenzyme Q) TaJFR CoQ,Bll ubiquinone, RZAEYMAN A4 I IRETE
BRNEY), 4l Q. ZHAETEZMMINERIAT, &R ANFIREEZ K2
—. ¥l Q BANAMNIIER B HENIEN, sBPai kN LRy FaEM,
I ELE R AT Q BEas A RO B VA AL . Bg R A LR AR ST S b, 78 N pR I i 4
T RAL K T AL R E AR, IR 4 A R Al R P R IS R, iR
HIPLEATI R RN v e e s ot BAREAMBERN RN, R AEVIIRSE e %
PEo HEE Q IEBEBUE N A 41 U pE B S 55, RFRSAERZ D). EmiiE b,
FEGE T ZFIE m NAKVE JIE DR . iR B, RERESEHN T 4 AR Q ReB it
KHZF)EE, F e E MR RES S B HEs . A EAb7eiiEs Q i Bn s
N7, REIGENIZER I TR EERE.

2.4 FEERMAMNLTIBYER SHIE

BREHIK. N-ZBRERE R (NAC) AIEE RS SH S SRR ATREE
(R-SH). FEMIIWAM P, WEEE, SHEERENEREAKEK (GSH)
(10mmol/L). HFEAZMMA, K2190% K GSH FET MM, £ 10% 1] GSH ##
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XRGR BT HEARIRER

EFLAE, BRERAET GSH ARE/D, H GSHHRRAREEFEENEM,
SRR AT S PR ST, SEARRLER, MHEr ERRRN
WA T K RIEHA E EE, GSH AL EMARXMIE hENE B, BIRE
B, ARBEHRIRES GSH iSRS GSH B4R BRIFZMBF LM%, A
GSH FIHAR B P T 0 R B ST B 0AR &S 7, ZE st 5t AR e,
SRS GSH M BB TN RERIERIR T f ﬁﬁﬁ#aﬁgmwm,
GSH 7259 5H 40 LRI A o B 5 BT R SR ST 09 7 R AR O R B,

YRERHSHELEHRY — BELBRER, E—WHEWEAYELHEER,
THANNEER (FRER AULBEER) BUTR, T5REKREHEL,
MERRE R R T ERA N B, L-EBEBx E B, 8. FEE. Z8.
ZEE. G5, SRR, SELESENAEEERORBER, FTRD T Ak
IR, ARE T HLARGREE . ZETR RN OB RS R . RS SRR A 35 3% F (R 3 GSH
LR AR BB SRR IV T RO BB R I R B R8T o 72 B R MR S SR v e
2R, ALUEHIIT GSH &R, REEZSRBMANIE. SHERELLR
FURBEREE T, L- BRI S (L 2SI B A, TO e
BTRAETRET, L EHEmERRE ROS BT RIESE RN ELRG. R
IR T RET SERERBEARNR, EREFEIES, BTFRPRAHT
PEt B ) ROS,RA S B A BT RERELEMRY, EHET DNA HENRL
AT B 52 0 i A7 741,

18
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RS B—F DRFEFWSBER R

HH HBEH

F—F PRIPRSLAHEEMEL

E{EBEHIPLIE N, ROS (reactive oxygen species) 7= 4= Fl Hi & AL 57 B 7K F
(antioxidants) fR¥EFESNSVE, —HXMIEFEWRBENIIEHERERERIN, HFe
P KR ROS, SFEINE (oxidative stress) R4 ™, AL N E AL K&
ENGEARESMEASRE, WRELNBESRSEEEREEFINXRE "7, #
AEFBVAERESERF, WESMNBEAAIGEREINERE . A, o a4 MR
HEGH . 2K, EEWERNSARNERREULABBHARE, XERLSITOCEE.
R B RURMFZERARETS, mik, 8305 A 00% A0 I 5 880 ¥
A TR R R RIS EFH RSN R FEEME. HEEASREPNAR
AHERIER N RA ICR MR, BT EET EEFE R BHit, E4AFRPR
flIE#FET ICR ARAEAZRAFRN R, B/ REAFENAFRIRE 3-NPA J5,
YRSt ROS K, PLEALEEEME. SRR, Hp LI K T SRR A K op
HEMFRGRER, 8375 AREERRAL N EE N BRER .

1 R 5h%
1.1 X7

DEPC. 3-NPA: J#JH Sigma AH]

RE#EFRFE. SYBR Premix TaqgTM %t EERF: TaKaRa

Trizol: Invitrogen

M BEAYHE F L AaEEERNRANE. HHAREMNEEES (ROS) HI
T ERFE. AFABENYAR T AR EERIANIE. AN ELNEEE
£ (ROS) U ERMAFIE: LEAREFNELGRBEFERAH

HAREARL (HE). BEAYEAEE (SOD) Wlits. SEAEEBENRE. SHL
—S HEBMRE: BEREREYLETRR

TagDNA R&EE%E PCR MXAF (Takara AF])

A5 Y H LERREYERARAE S

17



/N BB AR S R B T LU R B S ORAPE LA AU Y 7 1

1.2 &%

S5 6 E B PCR {¢: ABI7300, 5[ ABI A7
UV-754 2503 Je0e Tt BiBEBERT
fERKER: dbRETR&T

HFRK: Sartorius BP210S

AR UKA: Thermo

FEIEA R ELHL: {2 Eppendorf, 5810R Y
EEHEEN: LR RET M
HLUKBERS AR 32 48: Bio-Rad

FLFRF: Sartorius BP210S

HLSHHL: PRO200, HEEEERIFERAT
PCR {¥%: Takara

1.3 iRI&zh4

4~5 R RIS IE HICRMEE D RA0R, “FHKEENI18~22g, MWEMATH R
st 0. ARSBEUESMAEFEANTERS (20~23 CT) MAIN
(1406, 10hEBIE) 4T, FrdEfURimE R, B HhyUOKMmX . Bk
HATTAM AR HEAL T FE, DL AEE A, FHEN SR AN . D RELIL
Syhad: 1 FTHA, BEFEFImLAAE K, I .3-NPAMKFIE (6.25 mgkg) ;
III. 3-NPAF H| B4 (12.5mg/kg); IV.3-NPAEFIELH (2S5 mg/ke), 43HIHE v v &t
0.1mL. 3-NPA (J{JHSigma) Biil: #fg H /N EBCHIAE IR B B, FAZ3E $hoK Bl
i, SAEHS5N NaOH HEpHEZRT7.4. W RAUMRIH 778 H RS2k (k
2£8:00, Bh F20:00), HELEEHTA.

1.4 S (ROS) BYMZE

1.4.1 HFAEHEE (ROS) BRI EMEMEN

(1) GF SR A M ) HE % - B SEIR A AN BN BREMENG FI Ab P8, FETC A 45 1F T HX
HEMERE, BTG HEEPBSHER MR (35x15 mm) W, TLHEH
B, FERML RS T H ImLE S 284 SR Bk OR v,  BEBD IR AN R ik )
PBSH, #RJ5 FHAG Sk PR AR 4 i B AT

() IMANEERGENMEDE B (Reagent A), F200 pLigk ke Emyt/Lik, R



HRHES F—F PEMEAUNEENGREY

JEEA, /MOhE EFER

(3) MIA50-100 uL&7H GENMEDZ 3 (Reagent B) 1 GENMED# % (Reagent
C) WGENMEDH T IEW, BRES

@ 37 CHEEAERE2005, BHtR

(6) MAERBE LS4, EEHRH300g

6) DHZ EEW

(M IATAA 20 pL GENMEDRTEH (Reagent D), BRBATHR M, K5
WELS LB THEIE A L, FRTEN (DAPD MHLRAEE K]

(&) BOLHRERHMENE
KRAFIEMW B EEAREREREARBERAR, D EBRIESZEAHT.

1.42 MMENBELYIPAE T L axEEKN

—, HEREE

(1) & 574500 5P SLB0R 40 A

@ /MnAS0 pL GENMEDEEH (Reagent A) FH200 pL#6 3k R B R ¥EJLIK,
RiEEL, MoihE EER

(3) OS50 uL GENMEDZE YK (Reagent B), V&S] fuBURLEE

(4) T VKRS B AR |

=, A _

) RTINS, BETKEEEM

@ BUEHF VIR 580 nmi K, FHFEF

=. BRI ‘

OSISTFART, 20 KA ENRNET R TR, B, RERTT

Fl#E.

(1) #E& 1496 FLIR, MEFIRid: = EX AU

(2) #HX 50 uL GENMED ¥ (Reagent B) E|% HxRALE

(3) BEL 50 pL R AR BB S ILE

4) 4+BI 10 pL GENMED % (Reagent C)

G) BREs) 96 fLik, FHBSY

(6) 78 37 CHEFFAHEEE 30 24

() BNZctBebn O . REBLEE (OD)

®) TFERAKRE

|

19



/) B B0 S AL R R B e o7 UL S B0 SEOR P PE BT SR AU T e

FRAFEME LERRENEAREHR AT, U EBIESYZEAET,
143 BATBENIAEFILRZESRN

—. HERES
(1) FAREHFIIAL, FHRELUME S0 ZRHALEE
Q) BOHTA I 15 BT S L8
) MAEER GENMED EH# (Reagent A) JEUE 1 ik
4) BNZI A TI R VIRFH 2R
() IIANEETA ) GENMED #i# (Reagent B)
6) WRIEEW S B, "B
(1) BPZIAETTA ) DOUNCE AJ 338
(&) FEVKHE B RSB S AH R
O B EALSKDBN 1.5 ZAELE
(0 FEE 10 pL BT A E EAN
D ko i BRI
—. MERES
() HEREFAFES, ETKEREEH
2) WEHHIECEAERFIR: 580 nmk I, FHEE
=, PR
SIS FFURET, K-200KA BRI E TER TR, BAell. REHT
THIERE.
(D HERINI6FLAR, MFFrid: &5 BxTBIME S
(2) BHUEEFIGENMEDZ MR (Reagent C) F& HXTREFLEH
(3) S0 pL kiR HE & BRI AE o IR IAE AL
@) 2FIMANZEERGENMEDZ ) (Reagent D)
(5) BRE6TLR, FHIERY
(6) 37 CHRIFFAEHIFF3055F
() Bz oS B AR O B SRABRLEE (OD)
&) THEEAWRE
RAlEWE EEREEREAREFRR AT, UL EREREEUIRAT.

1.4.4 AL TR FLERR MR E
AR RN FE L EIESFIWE T AL HFSOD. CATHIGSH-Px =FiHi a4

20



REMHS F—F MRIVEEUNBERR T

HiEtE. ARAFELHRERNE T ARAAATERRNEE, RAREGRIESR™E
BURPABRELT, RNLRTARNE MR EREY LRSI R .

1.5 EAFRIE

1.5.1 HEREERESR
ZH 2R 5 RNA FIHREL (Trizol #5)

1. FREXS50-100 mgZH4R, MA1mL TrizoliA#, SRR RFAEISCT~25CZ AL

5min, UMFREAEGYTLEMBE.

BIA200 pLE A7 (TrizolEKI1/5) , RIGEPE 25 T HIF, ARG HBEHLI10-20

sERAEA AR, REZEFHES-10 min.

3. 7E4°C, 12000 rpm, B5/015 min (B0 JEKMAL S BAFRII60 %), RER
BY_EVE W 29200-300 pLE 5 —FH KEPE .

4. Fi1000 pL AAELIIAS00 pLTA I 7 AEE (Trizolf1/2), =iEFE 10 min;
4°C, 12000 rpm, BL210min, REFELE.

5. FA75%EE1mLBHTIES (= Trizol&), 4°C, 10000 rpm, Z.0010 min, 2R
BRI ZE.

6. EXR FRESIHEME

7. BHREFENEPBRAESRLTES, BIRBHTRT EEAERT), RER
FERNA B KN B IMAKDEPC/K I & -

HLARNAWRE I E

& RNA B#: A 10 pL B#K RIS ## T DEPC 7KH2 RNA 5 ul #E47H ¥k
B, 78 1.5%3FIE A ik P4 il RNA B5s8d: (ndilrdgm, BN+
H RNA £ 28S 5 18S &£ KB HELAN 2.0) ; FRIM 6B vHI e Hk B4l
& (RNA 7= OD260 1 OD280 2 8] ¥ LU E R AE 1.8~2.0 Z 18], ARG HFIR K RNA
A 1/10 ZBRHIF 1mL To/k ZEEHATEFHUUE, REBAN-T0CHREEH.

RNA I REF

W IR4E PCR B IINT FI R SRS
O mRNA #tR: 5-8 pL

@ Oligo dT: 1L

® 0.1% DEPC /K: #7510 pL

N

21



/b BRI SR AL PSR AL 3 37 L R B SR OR 5P PE LR AR B i

SRIGHN PCR XA, 90°C, 5min; 5EJ5 LA VKERF 8—20°CvKFH ¥4 1 10 min,
F1E PCR B WK IIA T FiRF -

(O M-MLYV buffer (5%): 5 pL

@ dNTP (10 mM each): 2.5 uL

® RNase inhibitor (40 U/pL): 0.6 puL

@ M-MLV (200 U/uL): 1pL

® 0.1% DEPC 7K: %7 & S 2500

BLONES)JETE PCRAX E 42°C, 1h; 95°C, 5min, ZEKFT3kEH cDNA YR AT
20 CIRFF

152 & PCR

518 PCR {# ff SYBR Premix Ex Taq (TaKaRa) iRj&#E1T, AL L GAPDH
REEEARNSER, NARMEME T ENERREHETHN EE, RMERETIYK
H‘QHT

SYBR® Premix Ex TaqTM (2x) 10 uL
LS (10pM) 4 uL
TSI (10pM) 0.4 uL
KR Al K 6.8 uL
cDNA $54R% 2 uL
&SN ARER 20 uL

DL E vk & BT .

B ERNARA KBS YREMEMRESE, MAZIETYEER PCR L L.
RRNFEF: 95 CHiZEME 10 min, 40 {95 C15s, X ‘CiBKIEE 15s, 72°CHEH 1
min); 7E 80 CiEMR, MEIOCHEME: HEMLELE: 65~95°C, M 0.2 TR
— K HENMRIEFEARTEE =K, 34 DNA Engine Opticon #i i i3 45 &, UL GAPDH
YEA W StnitE, NRFRHE 2 720 B AR FAEXT T W 22K GAPDH f3iE
&=, 51%iihiEg 1-1.

22



REES £ —F DRIVAAMNBERE T

111 LEIRAER PCR RESIMFFIFRFEY
Table 1-1 the Primer sequences for real-time RT-PCR

) Annealing
. . Product size
Gene  Accession Number Primersequences (5'-3") Temperature
(bp) o
°C
GAPDH M32599 F:ACCACAGTCCATGCCATCAC 452 56
R:TCCACCACCCTGTTGCTGTA
F:ATGGTGGGGGACATATT
SOD2 NM_017051 166 57
R:GAACCTTGGACTCCCACAGA
Catal NM 009804.1 F:CCTCGTTCAGGATGTGGTTT 130 60
atalase - " R:TCTGGTGATATCGTGGGTGA
F:GTCCACCGTGTATGCCTTCT
GPx NM_008160 152 57
R:TCTGCAGATCGTTCATCTCG

1.6 Fit=F5oHh

FHAFFAELREH L CPYEHARER) R, FiREEENA SPSS16.0 4t
T AR T ER R4, ARZERERA LSD El. AWHRAEL P<0.05,
P<0.01 AERHFBX, FELRELSER=RUE.

2 ERE5H
2.1 3-NPA */PRIAEFHELRBTERNZ I

A THRAFFIE 3-NPA X/ DR EAABEEERNEW, AR FATRFIER
3-NPA (6.25, 12.5, 25 mg/k)itiTRERE EST, &L TR, BAEERILE 1-1,AF).5
X HRAMLE 3-NPA (25 mg/kg) HEHA/DBREEFFRE, EHAZRZRIEE

(P>0.05), 3-NPA (6.25 , 12.5 mg/kg) PHAGEMXN BAMHLERFEE (P>0.05),
UYiLB 3-NPA (6.25 , 12.5 mg/kg) MANUERFRERWLBEE/EAREFE. 5
SERAFAEL, 3-NPA (12.5, 25 mg/kg) 3 51 41 58 S35 50 B 2 B (P < 0.05), 3-NPA (6.25
mg/kg) WRIBHERNEZE (P>0.05), UL 3-NPA (12.5, 25 mg/kg) FILLXT R
SHNBEWLLEHE, FURBETINGHENTEZWT NEEE. PRENE,
FEAEfe s, TRMBEHREESHAZBEFAEE (P>0.05),
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/N RGN SR A R R B At T LB B S OR P PR U TR i

Weight gain(g) >

O

Ovary index
{ovary weight /body welght)

340 4

20 A

1

G0

m

Kidney index
(Kidney weight/body weight)

0 -

11]

Control  6.25mgkg 12.5mgkg  25mgfkg

0.015 -
0012 FL
0.009
0.006 -

0.003 -

0.000
Control

o
tn
:

-
J

0.9 -

0.5 -

0.3 |

L1

6.25mg/kg 12.5mgikg  25mgikg

11

Control

6.25mykg 12.5miky  25mgiky

w

30
25

L
—

15 |
’Uﬂ

Body weight (g)

Control  625mgkg 12.5mg/kg 25mgikg

o

oo~
!

Liver index
(liver weight/body weight)

O -~ N W s
L

Control  6.25mgkg 12.5mgky 25mglkg

N

0.8

0.4 1
0.3 -
0.2 4
0.1 -
0.0

Contrdl  6.28mgskg 12.5mgkg 25mg/kg

Spleen Index
(spleen weight/body weight)

1-1 FRIFIEH 3-NPA W FA8E, hEMBEETEMNE
£ SxfeBLELEEE:, * P <0.05

Fig 1-1 the Effect of different doses 3-NPA on weight gain, body and organ weights.

Note: Compared with the control group, *P <0.05.
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REHS F—F PEPESILNEHELKE T

2.2 3-NPA M A[ELALEH ROS KFERIE M

H T BRI B 3-NPA XA R A ROS BIKF, Bfi14r BIE T 3-NPA (6.25,
12.5, 25 mg/kg)XFANALRF ROS KEHZm (B 12, A-F). ERER, 5XE4A
FHEE, 3-NPA (12.5, 25 mg/kg) Pifhik B G5 B 35 iR = 0N 40 e FD SR S 4 23 ROS
FI7KF (P<0.05); 3-NAP (6.25 mg/kg) IRESHBAZERAEE (P>0.05), Xii
B 3-NPA (12.5, 25 mg/kg) A AR AT AR =i BF B 5 ROS HI7K -, B I 68 F BN E I
M. SXTRAMELE, 3-NPA AENRERESN REEREM, 5, FREYT ROS #
K (P>0.05), #BAT 3-NPA WEMNE/ERAXN TINEALRARLF LBISRZW.
R EFR R, RATWISIERT 3-NPA (12.5 mgkg) WREEXT T o4 0 S840 N
BRBEAEER . Bit—PHE 3-NPA 5[ 250 ELE BT R &, B4R T %
SEESTRE 3d M 74 BRI R Al ROS P~ 0L (B 1-3 FifE 1-4). 4
RERSHBAMLE, EEEHEE 3 dTNARNSARKE k4 H B,
{EEESEVES 2 7 d SR AN 5P 8R40 fa o ROS K PR ER R .



/N B 5P SR AL M AR S 57 LR O SR LR P HUE AL I R

ROS level (umol/10°cells) >

@

ROS level (pmol/mg)

m

ROS level (umol/mg)

003 -

.02 A

0.01 A

0.00

Granulosa celis

ﬂll[

0065
0.04
0.03
0.02

001 4

Control  6.25mgikg 12.5mgfky  25mgkg

Brain

il

0.05 4
0.04
0.03
0.02 4
0.01

Control  6.25mgfkg 12.5mg'kg 25mgkg

tiver

il

Controt 625mg/kg 12.5mg/kg  25mgkg

W

o o
—h —-h
o [4)]
. .

ROS level (umol'mg)
§

0.00

Ovary

all

Control  6.25makg 125mgikg  25mgrkg

O

Kidne
S 005 - b4
E
© 0.04 T
£
= 0.03 -
2 o.02 |
@
w2 0.0%
C
& .00
Conirol 6.20mgkg 12.5mgikg  25mg/kg
= Spleen
= 0405 -
= i
S (004 4
£
= 003 4
2
H 0.02 4
8 0.01 4
X g
Control  6.20mg/kg 12.56mg/kg  25mg/kg

1-2 REFIE#I 3-NPA 2F LB ROS K F &I
£ SXERALR, *P<0.05
Fig 1-2 Effect of 3-NPA different doses on ROS levels in different tissues.

Note: Compared with the control group, *P < (.05
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RIS B /GO SRS R R [ 2 S

DAPI ROS Merge

Control

3-NPA

Control

3-NPA

0.000 4

80

0.006 A

3003 4 Y A

Granulosa cells
ROS (umol / 107cells)
oplical densityfoocyle

Average ROS flowrescence

(4 -
Controd A-FIPA Corteoh 3HPA

(¥ ()}

B 1-3 3-NPA (12.5 mg/kg)iE5 3 R FRI4HAEFA00 ELRARH ROS 7K FRYFZAE
(EEBFIR: 100 pm)
Fig 1-3 Effect of 3-NPA treatment for 3 days on ROS levels in granulosa cells and oocytes.
(Scale bars are 100 um )



/)N B SRS A SRR R 37 LR B SRR 7 B 4 7 ik

DAPI ROS Merge

Control

3-NPA

Control

3-NPA

O
o
<
-

@ ”)OW . 0.025 ]
§ v
AR & _oox |
s £ g

= %
£ £ 60 1 o % 8 0015
w 2 ¢ S
O @ - S
[v4 % 40 4 3 5 (010
@3 g 3
z S 20 4 @ =005 1
% (O]

4] (3.000
Cortrol FHPA Control AHPA

1-4  3-NPA (12.5 mg/ke)iESt 7 K3 HALAaFA00 B+ ROS KFRIFNT
(EEIR: 100 pm)

Fig 1- 4 Effect of 3-NPA treatment for 7 days on ROS levels in granulosa cells and oocytes.
(Scale bars are 100 pm)



HRHS HF—F PRIFATNBENNERY

2.3 3-NPA YA [E4HLR s 1L 4BE7E RO 220

3-NPA (12.5 mg/kg) LTS 7d, RES% B3E IR IURIZH FLAT 0 E- 40 i ROS 7K
¥, BEWVREBANEADEREEBRREETHNAZN, TRRIME TEARR
HRPHEEIIEE (B 1-5, A-C). £ RRH, X R4 E 3-NPA (12.5 mg/kg)
BEHIRS T IHEARFHEAYE (SOD. GPX. CAT) HiEHE, X8 3-NPA #&
BHYOGRINENIL, RN TXHPIENBN RS THR P RS EREE
DI RENR. RRARFHENYBHEERAT RERERZL (P>0.05),

>

250 4 o Control

m3-NPA dok
200

150 S

100 - -

[ B .

Brain KGdney fiver Spieen QOvary Granulosa
celt

Activity of CAT(U/gprot)
3

=]

*%

bad
=]
<@

01 Controk
400 m3-NPA

174
[~
[=3

200 5

s Bs 0l Bs

Brain Kidney tiver Spleen Ovary Granulosa
cell

Activity of T-SOD (U/mgproty (R

Qo

140 1 L conrar

120 | m3NPA

g

80 *
60
40 | a*

-

Brain Kidney liver Spleen Ovary Granulosa
cell

B 1-5 3-NPA X FRIAA DS LERR RN
. 5B, * P<0.05,** P<0.01
Fig 1-5 Effect of 3-NPA injection on antioxidant enzyme activity

20 4

Activity of GSH-PX(U/mgproty )

<

Note: Compared with the control group, *P < 0.05, ** P <0.01
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/) BRSPS E AL R R 8 7 DL G SR LRI B i i

2.4 3-NPA M AEHE R IRE LB mRNA KEBIE 0

PIRRE, SNBSS EANTINEER ((SOD,. GPX. CAT)) KR,
ARBRET 3-NPA (12.5 mg/ke) 44t 7d JSOPE TR 4 M, WAL, BHA,
FFFARRAZRHEIT T qPCR BIE (& 1-6, A-E). &R K, FEIEER SOD, fl GPX
EETRARTFHREEEES THERA (P<0.05), BRT'EHLF CAT MRHAR
b GPX WRAE LA AR S LS, EHASHLR G SOD,, GPX Ml CAT MRZE
5xBAMUIEEERL (P> 0.05) , #8T SOD, 1 GPX ZEFH 41 il iRk
REE—w R, HIREnse Ry S el S EER G .

A B
T 025 - Grandosa cel - 0.12 - Brainfissue
o * C
awn 6 010 4
o5 207 * 8 00g
Ta T : g : atontml
x® E < 5
% : 015 3P % X 006 4 BINPA
T2 010 2 004
& £g
£ 005 o 002
; 80D GPX Cat
c S0D GPX Cat D
. 8.0
30 Kidneylissue = Liverissue
s ° § 60 | ool
»na 0 Controt 29 EHPA
90 20 §30PA 2a J
x
2a % 40
<3 §
@ o
g2 101 .
> H E® 20
[+ —
SCD GPX Cat sOD GPX Cat
E
Spleentissue
60 -
50
DCatrd
0

mRNA Levels
(relative expression)
[<%]
(=3

SGD GPX Cat

B 1-6 3-NPA X FRELELAF R AL IE mRNA KFERIRIE
E: SxPRALLE, * P<0.05,** P<0.01
Fig1-6 Expression of the antioxidant enzymes SOD2, GPX and CAT in different tissues.
Note: Compared with the control group, *P < 0.05, ** P <0.01
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REHL B—F DRIRENN BT

3 e

FHATA L, BIREMEMNBENAREZ, BINEFR RN IEEE iRE
ST A . FHFRRM, PSS fe s 0N RNV A, SRR 81,
(B FR SRR R BV 0 — T LR SRR, R TAE 155 AR Co B 40 7o 2k B s AR A BB,
NEEBRAES RGN EAI N, BEKPNAMANEh4sS8L
YRR, BEREE, KEMERRAEET LSRR A ROS & A ALk
RIPEEE, ERPREEESSREMIBER®. 4-ZFEFEHS (VCH), SHHRE
RERSAT M/ RN AR A, (BEHFARE T AN EIRRS RN E K HBY,

BATHIRFFUR I, AT 3-NPA MY AE4F A i 42 =7 51 RS ML F0 S0RE 48 e ROS HY
K, BlEBRA AT SR e, T T BRI AN M K I A R LR RS
PR & . ATHISE R, EREALA] 3-NPA i@ T — NN R OFEEA
REBOERL, SRR R T IR E SN B 0L T 5 R A KIS RfimEs B89,

WRES, NFESRI/NRY 3-NPA i 32 HEH Fr A7, 40 129SVEMS 1 FVB/n
/NE ST 3-NPA BB B EIMEURME L C57BL/6 F1 BALB/c /NRET., AE = EHRsAr
/N RS RSB A RN BABLLFEE S FEMN 3-NPA. X HEAY R 247
M, MRS IIZ AR, FVB/N M 129/SVEMS /ML C57BL/6 F1 BALB/c /MR,
HABHEPOEUEMED, 2R EN, S7EBK 3-NPA W LLESLeRIERS, W
Swiss Webster F4EZ L, 3-NPA (120 mg/kg) RS WIS 3 K, Bews 5 8URAEI4%,
(A% SDH 3P ZELL CD-1 AR B AN, 3-NPA (100 mg/kg) EREMIEST
4-5d, TTUASELORARG, CD1 AR, 3-NPA (60 mg/kg) B AES 44 A,
AL R IR IR SOR A BPT. BEIRERY, BALB/c Byl /M RAANRERIEN &
FIE ] 3-NPA (500 mg/kg) SR RKIMIEATRICR AR RABRINKMARER
HEMZENL EARNMNERER, KFIEK 3-NPA REBXT IS =L 20, §E5]& 0P
HAN . BERANTER T 3-NPA (12.5 mg/kg/2 %/d), FAXANFIE S LA 5]
SRR N IO B B L e AU FB AR .

FEIEERBRIIEA, A ROS KK TFSREMAERZ RILEREHMDKIZ)
AP, — XA AT AR A SRS & AR R ROR, SN SR T A .
BFFeR], UL LU S IR, 59 B0 BRRIBE G 7 B AR U2 0, R p b
MNZATEIAROMAT, P REENEZZ —, MELNE . REFRa
UESE, BURI4HfRAR TR LS RS BRI P B, B BF RELA M 2 B R4 35 B0 BEAA TR B
005,99 ghat, IEHEFAHET, JE0S 000 R b th = BK S t Bk 40 BT & 3
AT IEE L, 2 ST IR R, SN U R AR IR, IR AT
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/)N BB SRS R R A 3 7 LU R B SO USRI 19 T i

i SRR AR, IR AR BAAE FR AN B AT DR S5 A OV S &2 RN 48 & 00 5L S L Y
WoKSEY, EE BRI R, FALN T MR R4 A o ks B kst
Bl SR WENN Y, B TFEs, ELRE, TWMARERSSE, XUEEFE
A4 P 7 A2 AL R BT PR Y B B O7%), BT IBT ST RIAE R T, &AL F 3-NPA fEfg
XF GRS A AN, TR IR PSR BRI E .

HAE VLB SR LR Mo A e r= A e Re, SRS M 278 R MR &k B il 2
FREIEFEENIEM. IRRW, JREA MRS 4ETER ROS, MIEFE
SALN R, T HESPEITIRE, MR EE" ", 2B T0R 41
5 FC SR B R = AR T B ROS th A PR RS R ARG R B, sk, Mritss
ROS 25 7T R A B A, WK 2-gMEREEHN, XFIL%S ROS K

B FEYIARPY, AT, BATERILLL 3-NPA(12.5 mg/kg) b B K /MR B ERE
T HSURL AN Y 0 5P BE AR B P ) ROS 7K

SRIE P B AU AL R, SRRy, EFEON AR, BRI R OV S
35 AT FE AL S s Pk O B 4 A B — E R AR R U O R A S, AR
HEHE B GPX. SOD. CAT U K& IEEGRPLE MY S5 5e 8 Xt 51 ROS HItEA,
xif R BEZR A AN BRI AR B R4 4 U 191 sk, AMREMERTEM BN VE. VO, B E
SHERREB A HIER BRI B ROS, AN ET iU, ARG, 3
IR T 3-NPA XF 58 NPT L B 5 1 p) A B O . AP RSE RN, 3-NPA $#&
= T PUEAIEE R T, XA SR AT AR BN BN A 9 BT DL T 3-NPA
FEAERRARE, NI xEES TRPEM. BIERTE, BREEAIRIR
T8 3-NPA X} OR8N SR E I E S L, BEXEARTHAEEEH, KR
FE IR AT 3-NPA (20 mg/kg) 3E4E 4 d, BEBIREZUIRMAEA ) SOD #E1H; 3-NPA (80
mg/kg) fIVEST FIFEAT 32 & A BT ATH SOD Al GPX Ry 7 108,

gi LRk, FIFHEMNF] 3-NPA P IS T — IR S AL B A, gt
PR 5T 00 S AL NS LB R T R B B N LA A A ERE L.

32



HREHS FoF FUNENFERERERRTRIEW

F-E SUNEXIIEIEEE B RE BN

FEEFEEAT, WERS=4E—EEN ROS, XEMERE . HEHMLREPE
HTARREENERER, RO SR M E R SRR S . BEA ROS
W, mEg. [IERAE. 1T BE . BEHIRE, BeSEENEA,
& IR P O R MU R AR T, WS BUNE R F RS . RIRRE
MedERAEEF EANTRNRETHTH, KABMHREFAESIALEEFYRE.
FBEFEEF ROS HIKFRFIEMN R BIBIFEXT TR TR ZENEHREE
HEREENAEEEM, HETERN ROS XM EIEARR. H. ZRNEHREREER
SEEREENER, TR TR BTG EHEL, #m5HEAT AL,
REANEAUE IS BT RN SIERRE . 007 e SRR RS,
ERERRR IR R A AR R B U R BRI A T RE ), XA ERER.
JERGFTR . HERE BE K. AHFFINA 3-NPA BAZ /D RUOP SRS BERL, 5
TEACEET DRI R B R, TERET, SR MBI R4 R IR R F R
S, EEREN RA RN BE S EBEIY. SRR, BT
PRORASTIUEAC R R A B ARG R B RE T I

1 MR 57F%

1.1 iR5

 3-NPA. 52 EIEMIEFEMIAN: WE Sigma A7

=&, RNEE. TKCEE. BIEH. A, ZFE: WEBERRL KR
Ze 4 It FE R P BR IR (PMSG). ARBBREMERBEMGCG): THE=ZLEHWHFRAT
REEFRFE. SYBR Premix TagTM %t EEE§: TaKaRa

Trizol: Invitrogen

TUNEL & : Roche

1.2 &R &E
EEKBHR: ERETEE
HFRKY¥: Sartorius BP210S

HRBHEE: XTL-2400
BIKEUKSE: Thermo
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/I~ BR. B B S A0 RO 2 2 5T L % B9 LR P ME BT A 0 i

CO2 ¥;5744: Shell/JB

BHDI R BEH: Zeiss

RS DERZETEM
AR HL: Thermo

ALEEEEYL: Thermo
BOCHREEHEBE: Zeiss

FLIK RS 1R 48 Bio-Rad

HF A F: Sartorius BP210S

ALSIHH: PRO200, EHRZERARAT

1.3 iREEFhE)

4~5 R IEE RICRIEME N RA0R, PR EHN18~22g, WHMEHHE R
sz, MRS BUESAFEFEANLERE (20~23C) MATIER
(14 ht/®, 10 hEEE) &4, FREFRARAE, BHXAKMXE. &R
BAT7TARI AR MEAL R IR, DL AR BRI, LGN ER s m A D BRBENLIL
oy A4 T XA, IR0 ImL A B K, 11.3-NPAMKF I & (6.25 mg/ke) ;
1. 3-NPAF F| B4 (12.5mgkg); IV.3-NPAFFIEHRS mg/ke), 435I W 5
0.1mL. 3-NPA (JJBSigma) Beil: &8 R/ RECHIHN IR RS, HA KK
i, #RJEHISN NaOH R#pH{EZR7.4. Xt FRAMRE A 70 mlE HIERE WSR2k (k
48:00, M 120:00), ELIEETd.

1.4 AIH

1.4.1 B R EE

TEESE — R 3-NPA JEE S 12 h J5, /D RSEEGTEARLE %8, FTHIE S S
BY JI/NO MO O R R AE R 3, {ERANEDE 0P SRt DL Ja 2R iR 5 . R/ RLOR
BN LR PBERPEE 12-24 h, GISEER, 25 FREH— i 0S4
10-15 1%,

1.4.2 PRk
70% 5 1h
85% 5 X5 1h
95% T X5 l1h
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ARMS FoF FUNEXNIPRRTRBERR T ERONE®

100%iE45 (1) 30 min

100%E (@ 1h

100%¥E%5 (3 30 min
GE: FREEENZESHN SRR TEE
1 Hfbkazﬁ =T HRAELT

HAAFHRE—RERE, TEEARKERTUSHEANKSY

3%@%@%%7MA%$%@%%%K%

1.43 i&ERA
12 4iffERE + 12 —HRREER 30 min
ZHZE Q) 30 min
THFE 2 40 min
1.4.4 EHE
ERAEE SR 70 °C, BIHBREIRS 64 °C
12 —HE +12 AEEEW  30min
afi 5 1) 1h
i i (2 1h
1.4.4 @E

M LESREESE, J7k: FralEmhEEEn, RS TS NEASRUINAE

BRERI Y, f5A A H12R 5 Bl A B e Bk .
1.4.5 fEIEsER

W IR SR A LUBRBVIRIETT TS, #IEAL SN RIERE L, BEBIKRE
AR, BIFUJEIER ET WA FATESR, KRR RUIT RS &S .

146 M1

¥R TIZBET L, SHEERK T OBABEERT S, JIRERHEE

SEEA. AEEEVTIAIBEE—BHA 6 um.
14,7 ¥k

7538 CKIBRIER, BUARERKERARFBFHE, THILSKE A E
BHADRT, BAE 38 CHHIMR LM 6-12h, REEBTIHEN.
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/)N R GRS B R T 5 <7 DK% B S OR P UL R ) i 2

1.5 A%YIH HE 26

1.5.1 Bt

(1) Z—HZEF S 5-10 min, FHIK.
@) BEBEETITAK: TKLE. 70 %LE. 30 %LES 2 min, AZEMEK

2 mino.
1.52 fEHE

ARG B i B A TR, DAT B E il B 58817

(D BNEFN— LT REL A Z 5-8 min, KYE 30-60 s

@) BARF B 1 54 6-8s, KEEL 30-60 s

B) BANEF B4 30s, KBEL 30-60 s

@) BNRFIVU R Y 2-5 min, LEIARF A EORNE 5 2 R Y9,

—MREEPN IR 2 s Z AR BIA] o CF-J3 ANRT A ZKEED

O) ¥ BRIRT /G, SWHRENEENT, RT3 k.

AEY) A AER] dot Slide-digital IR MBBATHMUEL, & 5 M HATHERM
—% AAEFER. . NINEEE, A TIEA-IEEE W, RAEWIIEE
A, RO AR R SIS e S RE kR M TEI, e
(Pedersen and Peters Types 1-3b), H10iifd (Pedersen and Peters Types 4-5b), KGRI
(Pedersen and Peters Types 6-8).

1.6 A¥EYIHR TUNEL 36

() AEEY) A Z R B3R, RS min

(2) 100 %L1 —» 95%Z8E —» 85%ZLEE—» T0%ZEE —» FRAEK Kk, 5
B /E %755 min

3) 1#FEDNARE (1) E A KA 10min (B E# K Tris =1:99, &ZKE H#300
ugZe )

(4) PBSVEBE3IX, K10 min

(5) #IFE: TritonX-100, 7EVK L (2-8°C) {27210 min

(6) PBSTZVE3 K, K10 min

(7) Whn25uL TUNEL X NVRE4) (B%: Label =1: 9)

(8) PBSYEYE3 K, K10 min
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KK HoF FHNENFRETREBETREINER

(9) #IDAPI (10 pg/mL) SuL, {£#FS min
(0 PBSTEPE1R, 5 min
) FhnPrRieEKFISuL, WEARE

1.7 RINERERIERGIESF

1.7.1 IVF s FIREE AR S

SRR MIVFIAL 32 FR3 R/ B/ MLvH 84808, 41%30-40 pL, 355310 mg/mL
BSAMTHTF, KB B B 5 L AW E37 CREFA N FEIR.

1.7.2 ¥5T ke

TR AL AR, NERRHER, —FRABTFRERSE, H—FH1Inlitk
RIFHER, R FAEILPREE, ARKEER100 pLtLIRES-10 pLE 7 2 P4
MRS, BTEELNL-5x10°% JAE37 C. 5%CO, 3558+ ¥ H 10 min,
WHETEMETHE, TV #E, SEBRAEFREBEIOnnFTTH.

1.7.3 MII HA50 & 4R BR R IR EX

7E 3-NPA (12.5 mg/kg) EERNESTHSKE, 10 [U/RPMSG, EIEANEST, 48h
JG10 IU/RhCG, REEWEST. ZEhCGHESE15-16 hE, FUHER AL /DR, HEEH
HHERE, ANIRETFIFEREAWERANIVERBENYT Sy, REERUEM
BT, FRARMNMnLESSASESRINE REHRIT, FRENSHaREEE
(COC) Bk, BEHCOCHERIZRBHE T .

1.7.4 {KINFHE

FRRERETHEORRL, RB10-15pLIREEE R TBAZHEES, BT
37°C. 5%CO, KSR P HITHRINZR . BRI THEELI-S X 100584 (BB
SR )5 10 minBEB MEBICOCERE TITRL, R T REBHESIECOCIESI N E) . &5t
SZRERBNERFAES minAATER. EAFNZE2E, BREIHIIAESZR
KT, SEBARIER TSR h, REHAREMEE T W R RER, B
TE FRMERE JR B RN 58 — AR HERR AR N IS, RRHORZRHE.

1.7.5 KIpEST
AT— R _EIFKSOMIEF T, REBE L AEMET37C. 5%COMEFAF
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/I B G AR A TR B R 5T UL B SR P PR UL U ) U 2

FEIER . fEARSIZRES ARG, 2RI O P 4T KR P iE oLk, R
30-50M/ W # N BB IS R h BEAT (SN E IR, A BITER RS JE24h. 96hSUiH B E A
FEMEE . SMEFIRIEIE AT I, T Reydi R Ab e, DURIERESRACR -

1.8 ERIZARE RNA BYIREL R E&= PCR

1.8.1 BihigAfE S RNA 892X (Trizol )

I.

KA1 DM, A ImL TrizolikFl, R/ R EWIT JLIKIEBEEA2mL Bl
Fo, ZRFHES min.

I 200 pLEIENT (TrizolEHI/S5) , SREEPE H T ilf, HIRGIEREGH
10-20sZ WA RFL H A, ARG EREES-10min.

7£4°C, 12000 rpm, E5+215 min (O G 7KARZ) & BARFRIFG0%), 28 fa A
W AI200-300 uLE B —HEPE .

FH1000 pL. BIAE3K I S00 pLTRA B 7 ABE (Trizolf1/2), ZEIRFHE 10 min;
4°C, 12000 rpm, #0010 min, REF L&,

F75% B 1 mLB T % (= TrizolfJ&), 4°C, 10000 rpm, &5/0310 min, #R
JE R LR

EE FIRESITERE

Kbk G MEPARE R TIER, BaXEHTRT (EEAEKRT), RER
PERNAB PR/ E I RIDEPC/K & .

1.8.2 BURIZMAE RNA RE RN E

8 RNA A H 10l F#ek REGE AR T DEPC 7K [#)E RNA 5 ul #E47 FLiK

B, 78 1.5 %E PR sk A RNA st (nmiam, TiERIZ It
H RNA ) 28S 5 18S & KEELLEL K 2.0) 5 AN Je 6 B vHil e S0k BE Fn 4l
FE (RNA 7 OD260 F1 OD280 Z [l I LLEMN%AE 1.8~2.0 Z ([, R EHFI4R 1 RNA
AN 1/10 ZBRBIFN 1uL oK OBEHATEFUTNE, RBIBA-T0CIRAfF&EH .

1.8.3 RNA B 4% 5%
IR AE PCR B R IR BLF & B3R5

@ mRNA #&#R: 5-8 uL
@ OligodT: 1 puL
® 0.1% DEPC /K: #M7EZE 10 pL
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REHS BoFE AUNBNIRRERERAFRIKER

RGN PCR XA, 90°C, 5min; 5EEILABAIKEHEL-20'CHKFEA A 10 min,
B IRAE PCR B AR UIMA LR 57

O M-MLV buffer (5x): 5uL

@ dNTP (10 mM each): 2.5pL

(® RNase inhibitor (40U/uL): 0.6puL

@ M-MLV (200U/uL): 1uL

® 0.1% DEPC /K: M7 ZE B4R 25uL

BHEO0RSE, WET PCRIXF 42°C, 1h; 95°C, Smin, RNEEEHITIRER
cDNA =R T-20 CRFF.

1.84 E& PCR

£ 8 PCR ¥ 21 SYBR Premix Ex Taq (TaKaRa) RAFIE VAT, ARSEK D

GAPDH ZRHEANSER, NATMEML T ENERREHTHAN TR, RMEGER
KBt anT -

SYBR® Premix Ex TaqgTM (2x) 10 pL
L5149 (10uM) 4L
T#TIY  (10pM) 0.4 pL
KRB gk 6.8 uL
cDNA iR 2 uL
SR YA 20 uL

P BB R B E vk & EBHT .
¥ULELRNAERNBEDEMEORAE, MABTRAEEPCRMU L.
RNFRRE: 95°CTIZEME 10 min, 40 #EFR(95 ‘C15s, X CiBKIEE 15s, 72°CHE{H 1min);
76 80°CIEMR, MEFOLHEME;: BWHMELH: 65~95C, M 02CER—IR. &
MNMRKFEARESF =R, 1R#E DNA Engine Opticon #4558, Pl GAPDH {4
ShiE, NFPRHERIER 7T B AR B X T WS 2 E GAPDH MRAE.
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/) B BF SR AE AL N AR B v DL B0 SR ARP P HUEAL I 9 07 1

R 2-1 LARETES PCR L 59 FF5IH0 R R 5 4
Table 2-1 the Primer sequences for real-time RT-PCR

. Annealing
. . Product size
Gene Accession Number  Primer sequences (5'-3") Temperature
(bp) °C)

F:ACCACAGTCCATGCCATCAC

GAPDH M32599 452 56
R:TCCACCACCCTGTTGCTGTA

F:CCAGGATGCGTCCACCAAGA
Bax NM 007527.3 394 57
- R:GGTGAGGACTCCAGCCACAA

F:GTGGATGACTGAGTACCTGAACC

Bcel-2 NM 009741.3 120 60
- R:AGCCAGGAGAAATCAAACAGAG
F:ACAGCACCTGGTTACTATTC
Caspase-3 NM_009810.2 207 56
- R: CAGTTCTTTCGTGAGCAT
F GGGTCTACTTACTACCTCAC
FasLL NM 001205243.1 192 57
- R CCCTCTTACTTCTCCGTTA
F TATGGAGAAGGCATTGAC
BIM NM 207681.2 207 56
— R TGTGGTGATGAACAGAGG

1.9 GFit=5h

AWFF R BTG SRS L CEBREL R HER) Fn, FTarEdE N SPSS16.0 4tk
WA TR R FZR R TN, AR ZESMERA LSD LK. HIWbr#ELL P<0.05,
P<001 AESGWHFEN, FiFLRELHEE =R L,

2 RS9
2.1 SR BRI AT & AT IR =20

AT T A ARLE A [ 50 b B A R A TR, AT N RS
3-NPA (6.25, 12.5 125 mg/kg) HELLAHE 7d, REX/DRIIGESECEDIR, X
FI TUNEL H 875 =X 42 T F50RE 240 HE U8 12 75 B0 R O BV 25 i A 4 (18] 2-1A FI
2-1B). S5 A AR 3-NPA (6.25 me/kg) HARLLEL, IIELE LN B 3-NPA(12.5
Rl 25 me/kg) B E 4L T ORI M0 T RO SR SR T I EL] (P < 0.05), BEEAFAL
RzEo 51 T B A pgyA T, EIRE T T Ee ) (P <0.05).
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Wy N AN SE R B MG & e

A DAPlI TUNEL Merge

Control

3-NPA
(6.25mg/kg)

3-NPA
(12.5mg/kg)

3-NPA
(25mg/kg)

B

0

@D

o

2

e P
@ 36 4
2

a

a 27 -
=5

1]

¥.d "
5 16 4
=

G I
D 3
(5] 99
8

=

[/ 3 .
o4 4]
»

0

Control  6.25mg/kg 125makg  25mgikg

B 2-1 S BR AR T R AT IR ERNZ M.
E: SXBALLE, *P<0.05
Fig 2-1 Effect of oxidative stress on granulosa cell apoptosis

Note: Compared with the control group, *P < 0.05
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BB RR A VDL R P R R P UL R R i

2.2 SR HARR AR T ERRET LR

AT THREANEE EINE S A RA T ERNEER R W, I
RS 3-NPA (12.5 mg/kg) ELEAE 7d, ARFUE/DRA I I i B4 1T
RAN HJ#RHE, EifE® PCR HE4iT TRFTERE BAX MHiA T 2K BCL-2 HIF
KA (B 2-2) 5EEBKSRAMIE, PREEWNEMA 3-NPA(12.5 mg/ke) Tk
ARNATCERSRECENRENMESER TR TNRA (P<0.05), #HEEL
R 51 T R R R AT R RIE, #F KT BCL-2 5 BAX 1HLE.

0 Control

o
4

©
8

W 3-NPA (125mg/g)

mRNA levels

(relative expression)
o
s o

©

°
£

0.00

Bel-2/Bax

22 R A BRI TR T ERREK TR
. SHRALE, *P<0.05
Fig 2-2 Effect of oxidative stress on the expression of apoptosis-related genes in granulosa

Note: Compared with the control group, *P < 0.05
2.3 | IRE%R F YR

AT THREMAMNBENAFRREPEEETEANER, RIVE/DRES 3-NPA
(625, 12.5 125 mg/kg) FELAE 7d, R/ DRIVEBEREY A, XA HE
HHEWET KM (=250um), FHIE (150-250um) FI/PGIHL (50-150pm) $HEK
FEAFHRLEN (B 2-3,A-C) M (B 2-4,A1-C1). 5T RAMKIKE 3-NPA (6.25
mg/kg) AL, EFINEMA 3-NPA  (12.5 71 25 mgkg) KRIFEAEEH BR
B (P<0.05), XULBEALNEA KIPRKHEEF-THERW (P<0.05). TEHEM
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WKW B RN IR A E BRI K & 78 )1 820

NI WHEESHZRERARE, WHIEANBES /NIRRT R B&F0.

A L, W Lwge

%4 1

20

* *
15 -
10
5 4
0 —

Control  B825mgkg 12.5mgkyg 25mygkyg

B . Medium
150 -

120 - T

80
80 -
30 -+
0

Control  825mg/kg 125mg/kg 25mgky

Small
c ) 4507

360
270 -
180
80
0

Control  8.25mgrkg 12.5ma/kg 25mgikg

Number of lerge foliclesiovary

Rumbér of medium folicles jovary

Number of smal foliciesiovary

B 2-3 |UMBMAEEBIEREHZN.
E: SMRALLE, * £<0.05 HEERE: AIE=250 um; HOEE (150-250) pum; /NGRE
(50-150) pm
Fig 2-3 Effect of oxidative stress on follicle numbers
Note: Compared with the control group, *P < 0.05; Diameter of follicles: large, =250 pm; medium,

(150-250) ptm; small, (50-150) pm.
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/> B O SR SR DSOS R s ST LA R B ORGP PE A 57 ) i 26

A1 B1 C1

A b “-‘\' WL '_ it
.- Mediuprfollicie & ,Smalgsfgjltc]e
- Vg7 ) ‘ 4 -

B 2-4 GREYIF#Y HE e RBALHSENER.
FISEEE: KOBE =250 um; FEPE (150-250) um; /PR (50-150) pm
Fig 4-4 Histological analysis of the ovary and Hematoxylin and eosin staining was performed on paraffin
sections of mouse ovary.

Diameter of follicles: large, =250 um; medium, (150-250) pm; small, (50-150) pm.
2.4 S AL EXT ORI A $51 RY 22 0

AT T R AR BEON AS [R] S8 AL B v PR A SR, IRATTKE D RS 3-NPA
(6.25, 12.5 F1125 mg/kg) FELLALHE 7 d, KRG/ NRIVERIEAREYIF, KA HE 3¢
BITEMEE T K (=250 um), FEEVE (150-250 um) AI/NIRHE (50-150 um) A
BB ARSI (B 2-5A-C) A1 (B 2-6). 55X FRAH AR E 3-NPA (6.25 mg/kg)
AARERET, UPEEALNERY 3-NPA  (12.5 F1 25 mg/kg) KURVRMBILLBIN B %L (P
<0.05), XULHHEAN G T R IRIE A B LB e m (P <0.05). HHERIEAI/NER
WHABLL OIS A B ZE R AR, JIEALN I E R 7RI A8, Xt
/NG YL FR PR B A T A 3 R
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Laige

x
*
45
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15 4
0 _ ,

Contol  8.25mg/kg 12.5mgkg 25mgkg

Percent arsfe large folelssiovaty

50 - Medium

!
40 |
30 -
20 4
10 -
0 R

Control 625n"¢glkg 12.5ma/kg 25mo/ky

C Small

12 S

10 A i
8 |
4 -

2 4

4} ‘

Caontral §.25mgkqg 12 5mgfkg  25mglkg

Percent atretic medium folices S ovary

Percent atratic smail folic esiovary
X

B 2-5 SN AREREAHINENEH .
E: SXRALLE, * £<0.05; FEER: KIE=250 um; HHE (150-250) um; /)RR
(50-150) pm
Fig 2-5 Effect of oxidative stress on atretic follicle numbers
Note: Compared with the control group, *P < 0.05; Diameter of follicles: large, =250 (m; medium,

(150-250) pm; small, (50-150) pm.
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/|~ B, 19 S5 A IR AR 7 ST DL R B SRR 7 P U 571 B O ik

Atrgtic §a e

2-6 HIHOR B BRRTSFE S
E: IRERE: KIPE=250 um; ORI (150-250) um; /NBRJE (50-150) pm.
Fig 4-6 The morphological analysis of atretic follicles.
Diameter of follicles: large, =250 pm; medium, (150-250) pm; small, (50-150) pm.

2.5 SRR HEIRE R F MR X B RENMIF MW

P TSR AT 3-NPA (12.5 mg/kg) 7d fe% 5 | RS BUR 40 LR 02, OR VPR B 22 B9 i

B, AT T 3-NPA XFHE ONEE f IR & & G T (% 2-2), R ZER

AL FIHAT TIEE (4 2-7). GRKRY, 3-NPA HHINAE, RPN

%R 5 0 I AL AR b B2 PR (P<0.05), BB LB T HEN R, FHAF T 2-

M MBERAMG K ERES): R, BREENBAMLLERAEZE (P>0.05).
3 2-2 3-NPA XTRBEHEIRE 2 R ARG & B B F2M0 (n=>5, X +3)

Table 2-2 Effect of 3-NPA on ovulation number and early embryonic development (n=5, X +s)

Ovulation Fertilization = Cleavage Blastocyst  Blastocyst

Grou
e number (%) (%) (%) cell number

Control 26 +2.63 124 (954> 118(95.2) 104 (83.9) 55.78+4.94
3-NPA  14+1.76° 66 (943) 53 (80.3") 55 (83.3) 46.00+2.13"

E: 53B4ELEE, * P < 0.05, , Note: Compared with the control group, *P < 0.05,
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Control 3-NPA

B 2-7 IR DAP| B RIEEFNE
Fig 2-7 Representative blastocyst photographs of DAPT staining.

3 i

FALNARER X KU RRK B =B F 5w, MEINRHRAFHES, R
ERePE T P BOR BRI o OR i ) bl . AT ST R 5 VF 2 SCER R HRIE AR —
Bl A DNFAMERT 5P A F 3G A (R RE R DF BRI R A B RE T

fEIE W K E RIFIIE A, ROS 5P i b R 2 MG AR FEE MO a3
P, — BXFhEhA PR AN AN AR R SRR R OR, BN SR e A .
B CAEM, AR BRT LA SO0 SR AN e, 5 BEEH M AR B A & AR U200, gk
WM& BRI AR AT S e g R T, HhREEMR R —, HELNE P,
KEVFRCHE, PR M APE T CLs IR A, FRERFEIRRAERR )T, B
/D> G B} 40 o 505 R 45 2 O B 4 ff B 30294 kA, TE R R A AR AR SO ML
PR Akt 3 B S e UM 40 PR 2 3h (0 PR B R0 0, AT 5 SRR R B, ZE T ER
G R 41 o 5B AN RORLAE B TR Z AR — DR Bk, BdT THE R BURL 41 A i
CoReS | ARV PABE, IRV MABIRR IS T O FI0sE . ERATARS, RAEH TIKHE
1] 3-NPA (6.25, 12.5 Fil 25 mg/kg) EWFFOA N RGN MEAI SR A & BIsm . BA 1045
RKH], 3-NPA (12.5 25 mg/kg) et 45% 35 U BE4H AN SR A B HE ), BET S KB
VEL PR AT 851
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REHYHIFTRY, FAUNFEA LIS RAINE, REIEMNE RN EE,
AT 4% S 15 REAAE 97 S B AT LRI 5 AR ORI BB AR s BN S AR ok P e E
SORBCHETR R R, SR T AR O BEAN AR R Y kb, BEARIREE R
SHNBY, WE RN, EeRE, DVRRERSSE, SILERBEEN~ER
A 7 AN THT R AR SRV 0T, AR RIRER B, LT 3-NPA fEE X O B 7= A 4
(2AVAT ST FSWNI AR T o (O NLROR {6

WHMAK R, I E A AR 3 B0 BRSO A BRI, SURRGINE T
B IE . EIGFEFIRAC b= E— 2 &K ROS, JLHZEMRINERN, BiRE 5
KRB BRI R LSRN~ EE B ROS, TEH ROS BB REMNEF4, Sk
MK EERERE. ERRARNEENS, ROS K= E0H AR, ROS X
MR R M L B3, JUHGE 2- 41k B, EB 1 ROS £ SBUKEIM, XA&E/
RAG R A & EARNES, KB ROS RAIE4H MR A ARV, 538 DNA 458,
Sl 2- S AIRE A, SBORREIA AR G2 P, Yangetal. HRKM, MHHAAH
A2 SRR A ROS & E 2B BRI EMK. TR ROS fgis51 F 5 £ 41 M 5t
BAMPRREN T RIZRRE S, MR bt B/ ROS K SEEANBMB A NS
PRARORF BT . STRG RN BB RISE iR 3 250

DRV A ROS FERIFE T 90+ FI G0 v J& Bl A9 BN M, 00 ot AR B By v
REEIIEF ROS WM& &, IR REHREEE—EEM ROS. HITHEAK ROS
e F—E KBRS ERERIE, R#. REREGRGREEEENEIERN. A,
HINE A ROS AT ZEHTEAILEERE (KR, ROS MR RIS BEIN R T REER,
A% DNA. BARMASEREMB, B S BURE 240 40 o A s> 112,

RAR RO EL AR B A e LU SRR NG, O B4l L B R B AE AR & & R 7
FREAEFERENEM. TARY, SEARMEEP~ETERN ROS, AMIETE
SR, T HIE SRR F R R, R mRRE! Y R gk i
5P Ee SURLAM A R = AR B ROS & (IR RERRUBAR LRI, sh4t, HREERY
ROS &2 5 7 R K & 8wy, W/ 2- R A B FRA, XMIEE ROS 1]
Fra B AR R, AR R T, RATERKILL 3-NPA(12.5 mg/kg) b B /D R 18 4R A
T BURL4H MR 5 BEAR R i) ROS K, BRI T SR B B AR AR I A B HE
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REHS F=F DRIVERPESEARNmGE

F=E PRIVERPERE LI RITGIE

HHERRRERESHIIFEMERRMME LR, M. 75 WRAAL.
LENESAFEERERBRRELERM S > M, GEEREEE 8 hEN
TR RN AR EEBROEZNFEE. KA, SMEEZTNEYRBYHE
EEFENTENEERD, AREOTZATEDESMETRME. Bk, EAM
FigExt o0 AR RAFHUEMLTI RERI I, SR TR Mg B0 SRAR S Y
KEMERABEERN . ZHRUEYNERER. A¥FE. EARERERK
TSI BE . EERXER EBE T TIRRMGIEEHRS > 1, BREHE
MEFREAFEREEE A hE. WHEABRGRII6E. SAERKD VA, VC. VE
FOMZNHTAMESTE, SIARAEMNEE L THNAEYEDRE, mRATLE
SR A FIRRER R AN, ERaaERA L RERREED R . AK
DM EZEHBRZ L 3-NPA F /DRSS BOVRE, B 10 FORRAK
FUR N AN BEMRIPER, AR AB AU SRR LA R R B B a4k
P ER 2 YRR IR -

1 MRl H*%
1.1 iRK5

3-NPA: 5 Sigma A 7]

HHEEC.E. ¥ MR, AMHK. TR, ZRE. RUEFTE &S50 BE
AR ENESGREERAFRAR.

L-EMER: FEEAERLERRERAR

g Q: HILHIZyERAHIFE R AF

M EENYAB LAk ERIRNE. BHEAKEMNETEES (ROS) W%
TN RN E. ALBENYHAE FHLAREERNEFE. RSN EENE
& (ROS) BN EAFE: LEAEEREARHEERAHF

BEAYEALEE (SOD) iX&. SEMUIHMUAE. AHEK—S ZBBNRE:
BRBREY TERR. ‘
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1.2 (N|/igE

Sef R E B PCR X: ABI7300, 3E[E ABI /A
UV-754 2406 BT HiBERAES
TERAKET: JERET WS

HL-FR: Sartorius BP210S

X BB : XTL-2400

HA{EE VKA : Thermo

A S OHL: {2 E Eppendorf, 5810R !
CO2 3&5%48: Shell/JB

RS B RZET IR

L, FRK>F: Sartorius BP210S

HASIHHL: PRO200, LHiEFEFERIRAERAT

1.3 iR3E 54

4~S T RICRMEYE N R 120, P ERN18~22 g, B AT LK
KL, ABRABUE S BAFREANTERE (20~23 °C) FMIATHE (14h%
B, 10hREIE) 2T, FRUETURIAEMANE, B HTOKMRE. SEREHFITTRAARAE
wiaagsE, LAY, FHENIARESRAEN . DRI 1240500k X
WEZH, BRI, 44 RCH (300 mgkg). HEEEEH (100 mgkg). #AE MERA (30
mg/kg). BHH KA (300 mgkg). WETFIRA (100 mg/kg). ZIHELH (200 mg/kg).
JEAEHEEA (200 mgke). BHEAEEH (30 mgke). L-EWEEL4 (100 mg/kg)-
HBFQHA (50 mg/kg). XRAMBAAL T RIERIEREEIK, EBSY, E414d,
HASAL TRSERPIEAT, EBARY, ELL14d; F7dR0BT AT RALN,
HAZHWUR—FE3-NP (12.5 mgkg) BEENHES. 3-NPA (1 HSigma) k-
et H/N B UM Rk B B0 vV, R AEFE h /KR, 285 FISN NaOH 13 pH{E £ 7.4,

1.4 HADBRUYAE T LRZE SN

—. M

() FAREHSWAL, HHREUFE SO ZRAAER
(2) FRHETRA G 15 ZFHHER O

) MAEER GENMED i # ¥ (Reagent A) ¥FYE 1 K

50



RE#HS H=F RIRRFEREANE

) BERZIA IR PIEH R

G) MAEETA K GENMED #f## (Reagent B)
6) REEH 5¥, RMBEY

(7) BEPZIBUETRA ) DOUNCE S % 4%

(®) VKR AR ESILAR

O BFEALSEDBAN 15 ZEABLE

(0 BE 10 AT EH E BRI

) Bok ki RN

=, WEkg

(1) WERFHUER, ETKERESH

() WEFHCCEEEBRN: 580 nm¥EK, HEF

= B
SERTFARET, % 20 (K EAORANE TEE TR, BatE. REHT
THIERLE.

) HEZIAN96FLIR, MiFbrid: = ax AR
(2) BEUERKGENMEDZE M (Reagent C) F|ZFHXRILE
(3) BESOMTT ik & B R IUARE M BRI AL R
@ HMAEEFGENMEDZ A (Reagent D)
6) BREH6eR, FHREY
(6) BOE3T CRFFA BB EF 0554
() ENZIBCRERAR BN E: KRBT (OD)
®) THERAWRE
R&EWE LEAEERELSRBER AR, U EBREDZHIHET.

1.5 tARP I E BRI E

EHRFALFE AL AN E T HLRFSOD. CATMGSH-Px =FHiE ks
BEtE. MAELEEREENE TAREASPEERNSE, R A EEEDTRTHE
e BRAEH#T, AR AARTEHEREREY LERARA.

1.6 ZitE o

AR EEIELL CESELRER) Rax, PrIREEENA SPSS16.0 vtk
HHATRE R T EZRR T, HRZERERA LSD k. AWsHELL P<0.05,

b1 |



/|~ B G HLAE A S PR AL 37 LR B SRR PR S Y i

P<0.01 AFSGIHH¥EN, ALK e b EE =KL L.
2 ER55Hh
2.1 AT NRAEFEER

B (E3-1) /i, RESAEREHNGETHLER BEZERP>0.05), H
BETRA. EEEA. RIeHE4AMAY P EHSEBHAMLLBE RGBS, &%
TFRRA. W EARGE b FZH AR A B35 E 52 5 T R R 4 P< 0.05)
(FE3-2) , HRpEFa SHMAM L ZE R A BE P> 0.05).

NN W
[@N6¢) Ne]
|

=
(6) N &)

Body weight (g)
o

o

3-1 IELFIF/NRIKER 2
. SHEBALLLR, * P<0.05, ** P<0.01, *** P <0.001

Fig3-1 Effect of antioxidants on body weight
Note: Compared with the model group, *P <0.05, ** P <0.01
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weight gain (g)

32 AT NRIBEIRRHIZIG
E: SHERALLE, * P<0.05, ** P <0.01, *** P <0.001
Fig 3-2 Effect of antioxidants on weight gain
Note: Compared with the model group, *P < 0.05, ** P <0.01

22 MEAFINARIREEENFIT

PUEFIXT IR AL . M. PR S IEE E AW, 1 (B3-3. 3-4, 3-5. 3-6) iR.
ZWERMA, RIEERA. A EATAY M ZAERKHNNINEEE 2 E & TR
WAL ZH (P < 0.05), HEKATEMFNAETERAMEBHAM L ERFABZ P>
0.05). SHEAALE, A& AR A BRI AR RE BE
=7 (P>0.05).

0.0035
0.0028
0.0021
0.0014
0.0007
0.0000

Ovarian weight (g)

3-3 AT IPEES RIS N
Fig 3-3 Effect of antioxidants on ovarian weight

iE: GIEBULALLES, * P <0.05, ** P<0.01, ¥** P <0.001

Note: Compared with the model group, *P < 0.05, ** P <0.01
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Liver weight (g)

Spleen weight (g)

Bl 3-4 ELFIIATAEE S RIS
iE: SIRBUALLE, * P<0.05, ** P<0.01, *** P <0.001
Fig3-4 Effect of antioxidants on liver weight

Note: Compared with the model group, *P < 0.05, ** P <0.01

B 3-5s InE ik FIx M E S 820
E: BREBUALLER, * P<0.05, %% P<0.01, *** P <0.001

Fig4-5 Effect of antioxidants on spleen weight

Note: Compared with the model group, *P < 0.05, ** P <0.01
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Kidney weight (g)

3-6 AT BREE Y
. SREAALLE, * P<0.05, ** P<0.01, *** P <0.001

Fig 3-6 Effect of antioxidants on kidney weight
Note: Compared with the model group, *P <0.05, ** P <0.01

23 ELFIFARILEL F ROS /KFHIE N

PUAFUNT O, KM S FB R AN B A 2L 2R P ROS/K IR AL, 4 (J3-7. 3-8
39, 3-10. 3-11) Fim. SHRAMEE, L-RaEma. ke T4, Eux4d.
EACEEA . ARSI N ZAIEAROSKIK T BEEE (P <0.05), Hx
FUEALFZL 00 5L Y ROS/K RIS R 41 Af L 22 R B2 (P > 0.05). SHAAHELE, W
I 2 N WROS/K R B3 2P > 0.05). PiEAM4A (GSH. VE. VC. L-
SRR R b2 SR ROSIHZK T SR AR L B3 FEIK (P < 0.05), Al
F T 4 A EL L A BB AT FFIE W ROS /K FZRA B (P > 0.05). FFALHAMLL
B, R &AL NROS/KTFH B BE ZE 7 (P> 0.05). JUAMA GEHER. HillE
Q4. EFAEABL M) FAEHL FROSHI/KT- S5 HAIZH AR EE B B F#{R(P < 0.05),
HEHrE A S A AE b 2 7 A B35 (P> 0.05).
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Ovarian tissue ROS

Brain tissues ROS
(umol/mg)

B 3-7 fAF (333 SRR LB LR th ROS K FHIF G
. SEBLELLE, * P <0.05,** P<0.01, *** P <0.001
Fig 3-7 Effect of antioxidants on ROS in ovarian tissues

Note: Compared with the model group, *P < 0.05, ** P <0.01

3-8 AL FIXT AR B ROS 7K B £
E: SHEBAELEE, * P <0.05, ** P<0.01, *** P <0.001

Fig 3-8 Effect of antioxidants on ROS in brain tissues

Note: Compared with the model group, *P < 0.05, ** P <0.01



RISy B=F /D RIFER TR A %

Liver tissue ROS

Spleen tissue ROS

(umol/mg)

B 3-9 AL FI T AT AELELR F ROS KFRIF M
. SHEBEUALLE, * P<0.05,** P<0.01, *** P <0.001
Fig 3-9 Effect of antioxidants on ROS in liver tissues

Note: Compared with the model group, *P <0.05, ** P <0.01

0.024 ~
0.016

0.008

0.000

3-10 I E L FIFT R BELR LR A ROS 7K FBY 220
. GHERIE LR, * P<0.05, ** P<0.01, *** P <0.001

Fig 3-10 Effect of antioxidants on ROS in spleen tissues
Note: Compared with the model group, *P <0.05, ** P <0.01
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Kidney tissue ROS
(umol/mg)

3-11 | FIA ZpELA L R ROS 7K EAYE N
E: SEBALLE, * P <0.05, ** P<0.01, *** P <0.001

Fig 3-11 Effect of antioxidants on ROS in kidney tissues
Note: Compared with the model group, *P < 0.05, ** P <0.01

2.4 EANFIXNARELHLLF SOD KA

DUEGRIRT DAL . K . BRAEAN B AT 4H 2P SOD/K S RIAEAK, G (J&13-12,
3-13. 3-14. 3-15. 3-16) irn. (R T W TRAMFEILE ZAS, HADIEAFIL G
HAZLNT-SODHIK T BZ R THAL (P<0.05). SHEBMAMLLE, R E41K
AR P T-SODIKIKFHLEREEZER (P>0.05). HEFL4 (GSH. BETFHRMER
2) HEHL P T-SODIMKFI BERTHAL (P <0.05), HEHEHHSHBA
MUHTEEZER . GEMAMLE, BT RETRAMIEPT-SODMKTE §E %
f4h (P<0.05), HRPIEMFILAMAL AT-SODKFEEZERAN R . FIRIEIZHAH L
B, BRTERSTFRMEHZZAF WAL T-SODEZERBRILI (P<0.05), HEH4H2
BLHEER,
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Ovarian tissue (T-SOD)

Brain tissue T-SOD

U/mgprot

2500
2000
1500
1000

500

B 3-12 AL FI3T IR ELELRF SOD & 1ERI R
E: SRBALLE, * P<0.05,** P<0.01, *** P <0.001
Fig 3-12 Effect of antioxidants on SOD activity in ovarian tissues

Note: Compared with the model group, *P <0.05, ** P <0.01

3-13 E LTI R LE A SOD FE RIS
E. GERALEE, * P <0.05, ** P <0.01, *** P <0.001

Fig 3-13 Effect of antioxidants on SOD activity in brain tissues
Note: Compared with the model group, *P <0.05, ** P <0.01
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Liver tissue T-SOD

Spleen tissue
T-SOD (U/mgprot)

(U/mgprot)

3-14 ST EALFIXT BT AELALR F SOD FE 4RSI
. SEBUALLE, * P<0.05,** P <0.01, *** P <0.001
Fig4-14 Effect of antioxidants on SOD activity in liver tissues

Note: Compared with the model group, *P < 0.05, ** P <0.01

A 3-15 I\ FIxTRRAELR LR FR SOD & MR &0
E: SEBUALEER, * P <0.05, ** P<0.01, *** P<0.001

Fig 3-15 Effect of antioxidants on SOD activity in spleen tissues

Note: Compared with the model group, *P < 0.05, ** P <0.01
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Kidney tissue T-SOD
(U/mgprot)

3-16 AT B AL B SOD JE RIS
E: 5ERUALLE, * P<0.05, %% P<0.01, *** P <0.001
Fig 3-16 Effect of antioxidants on SOD activity in kidney tissues

Note: Compared with the model group, *P < 0.05, ** P <0.01
2.5 MENFIXRRELELRF GPX &R

BRI i JEE LR S AR 4140 F GPXACT HIAs (L, 1 (P4-17. 4-18.
4-19. 4-20. 4-21) P SREMAMIE, BTEEZAMEIEET 245, HAeW
AL GPXOK T B E (P <0.05). SHUMALII AL, I &4 FEAE.
AU L4 P T T B 5

30000
25000
20000
15000
10000

5000

Ovarian tissue GPX
(activity unit)

3-17 | ALFIFT IR ELH LA b GPX JEMHERIE
. SRBEAVUALLER, * P<0.05, ** P<0.01, *** P <0.001

Fig4-17 Effect of antioxidants on GPX activity in ovarian tissues

Note: Compared with the model group, *P <0.05, ** P <0.01
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Brain tissue GPX

Liver tissue GPX

(activity unit)

(activity unit)

B 3-18 AN BRLE LR A GPX TR IERIS IR
. SHEBRALLE, * P<0.05, ** P <0.01, *** P <0.001
Fig 3-18 Effect of antioxidants on GPX activity in brain tissues

Note: Compared with the model group, *P < 0.05, ** P <0.01

& 3-19 S LFIFTAFELE B GPX FE RIS
. GREEBILALLES, * P <0.05, ** P<0.01, ¥** P <0.001

Fig 3-19 Effect of antioxidants on GPX activity in liver tissues

Note: Compared with the model group, *P < 0.05, ** P <0.01
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Spleen tissue GPX
(activity unit)

3-20 LRI BRAELELR F GPX SEMERY 20
. SHERULALLES, * P <0.05,** P<0.01, *** P <0.001
Fig 3-20 Effect of antioxidants on GPX activity in spleen tissues

Note: Compared with the model group, *P < 0.05, ** P <0.01

Kidney tissue GPX
(activity unit)

& 3-21 InE L FIFT B AL F GPX SEIERIENY
SE: GREBUALEES, * P<0.05, ** P<0.01, **¥* P <0.001

Fig 3-21 Effect of antioxidants on GPX activity in kidney tissues
Note: Compared with the model group, *P <0.05, ** P <0.01

2.6 MAMNXFIXAEHLEH CAT KFERIF M

SRS E K JFE BRI EALU P CATACE 9354k, i1 (H3-22, 323,
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3-24. 3-25. 3-26) s, MEEBRIAAHILE:, HUEFIL (GSH. VE. JFHEHZ. Ml
QRHHE b)) BHERALNCAT/K P BEFHE (P <0.05); HAHENL (L-2Fx
AR WETR. £HE. VC. AFSE) SHEMAML, 05EH8NCATAK R
APTEEIG, EERARE (P>0.05), ARG E, RIGH CRMG. FEUE. JE
BHE) #HLA P CATHAK P ERFAEZE (P>0.05).

<
S 360 -
%’75‘ 270 -
8 §5 180 -
§ 2 90 -
(3]
5 0
&
Q
&
@O

B 4-22 A AL FIXS IR R LALR R CAT SEMERIR NG
iE: SIEBEALLE, * P<0.05,** P <0.01, *** P<0.001
Figd-22 Effect of antioxidants on CAT activity in ovarian tissues

Note: Compared with the model group, *P < 0.05, ** P <0.01

Brain tissue CAT
(U/gprot)

3-23 A FIXT BLE LA CAT FHETHERI SN0,
. SREBALLE, * P<0.05, ** P<0.01, *** P <(.001

Fig 3-23Effect of antioxidants on CAT activity in brain tissues

Note: Compared with the model group, *P < 0.05, ** P <0.01
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Liver tissue CAT

Spleen tissue CAT

(Ulgprot)

(U/gprot)

3-24 AL FIFTATAELAL P CAT FEMERIENT.
. SHEBUALLEL, * P<0.05, ** P<0.01, *** P <0.001
Fig 3-24 Effect of antioxidants on CAT activity in liver tissues

Note: Compared with the model group, *P < 0.05, ** P <0.01

3-25 IEA IR AELALR R CAT fE1ERIE 0.
. GREBALEE, * P<0.05, ** P<0.01, *** P<0.001

Fig 3-25 Effect of antioxidants on CAT activity in spleen tissues

Note: Compared with the model group, *P < 0.05, ** P <0.01
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Kidney tissue CAT
(U/gprot)

3-26 AN FIXT B RELEL th CAT FRTERI R ME.
. GERVAELE, * P<0.05, ** P<0.01, *** P <0.001

Fig 3-26 Effect of antioxidants on CAT activity in kidney tissues
Note: Compared with the model group, *P < 0.05, ** P <0.01

2.7 B EEZMWEAIRFISIE A ROS 7K TR

T AN TR SR AR T 20 OV UL 4l PR R G SEAHZL ROS KP4 A
TAA ROS 4Lt 5 e MR E B 715 DL R A2 ) ROS 7K 5 &7 73 kil 7
R AN ER S LRI ROS 7K. RIGSERRY, SXTRAMLE, 75 3-NPA
AB TR 2 /) R 5 L 0RL 40 i AN B 40 2k ROS /KR EHRE (P < 0.05). F1 3-NPA
FACERAIAHELES, /N R ORISR 4N AN BN S 20 ROS JKFAEAN RIRET R4 B3&
FER(P <0.05), WL (3-27 ] A-C) .
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0024 a

Control Q018 - b

©
4
2

§

Control+PC

g

Contiel Commi+PC  3NPA FNPA+PC

1€ 1) a
b
0.00 -
Pr— Contral  Control +PC 3-NPA INPA+PC

3-27 #M IR F RZ X BRI ARFIOI R A ROS KRR
53f8RALLEE: "P < 0.05, SEBLELLE: P < 0.05

3-NPA

o
-
L)

[=]
=g
o

o
o
o

3-NPA+PC

=
o
w

Ovarian ROS (pmolimg) )  Cranuosa cell ROS (umokic’cells)

Fig 3-27 Effect of PC on ROS levels in granulosa cells and ovarian tissue

P < 0.05 versus control group; °P < 0.05 versus 3-NPA-treated group.

2.8 EHEFEXIPER SOD #1 CAT ;& RIS MH

TR SN P8 SR AL B 20T U S ZR P SOD A CAT i Pk AIsE M, AR T sngEng
FAERE R IZIE)E SOD W /1, AMBWUENE T CAT BIiEME. a4 REY,
5%t A AHLLER, 76 3-NPA SUliab B4 /) BN SEAHZR A SOD Al CAT 3if PEAC B35 52
B (P <0.05). F13-NPA b PRZHAHELAS, /MR DR 4121+ SOD Fil CAT /KF-7E%b
R H R BEREP <0.05), W (K 3-28A,B)
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/) B IR LR R R R g ST DL B LR BB RO O i

>

g 8 8 B 8

Ovarian T-80D (Uimgprol)

nli

Q -
Control Control+PC INPA 3NPA+PC

. Q
200 1
100
80
0

Control Control +PC 3-NPA 3-NPA+PC

Ovarian CAT{U/gprot)
3

[ 3-28 [RILFHEXIIISA SOD Fn CAT EHERY R
538 LS "P < 0.05, SHEBIALLE: "< 0.05
Fig 3-28 Effect of PC on ovarian superoxide dismutase and catalase activity

*P < 0.05 versus control group; ®P < 0.05 versus 3-NPA-treated group.

2.9 [RIEFFEX I REH AR T B0

R RAN R E T R R 4N M A TR R A, BRATRA T TUNEL 6
IES AN RITE VAT TR ENE TERARATNEE. 4R2EH, SxBAH
L, 3-NPA Bl AMMAMMET-REEZAS (P<0.05), H HASIEKLL
Bl BEm T A, 5 3-NPA B b B AR LLES, MR IRAEE R AE TR B 1
HERINEAYRLHE B E R (P<0.05), W (K 3-29A,B).
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A DAPI TUNEL  Merge

Control

Control+PC

3-NPA

3-NPA+PC

a
] b
20 -
10‘ I
g

Control Conirol+ PC 3HPA 3HPA+PC

)
8
3
]
2
3
8 30
:
5
|
:

& 3-29 3N FEBEESEXNTRARA TG
S3BB4ALLER: ‘P < 0.05, S1EBILALLE: P < 0.05

Fig 3-29 Effect of PC on granulosa cell apoptosis in ovarian follicles

P < 0.05 versus control group; P < 0.05 versus 3-NPA-treated group.
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/|~ B B0 B AL S BRE RY a5 DA R 9 SR T UL A B Rk

2. 10/F %5 F= X IR SR A ARE T R B E RE R A

SE B PCR J7ykEkrill T 5Py BOh 0 e A T AH = E Rl (Bcl-2, Bax, Bim, FasL, and
caspase-3 ) WIRIEKY . KA RKYW, SXTRAMELE:, £ 3-NPA R4 Bel-2:
Bax FIAENRIZKF RERIK (P <0.05) . F3-NPA s BAME, FEHEE
WHERY Bel-2: Bax FIMHXREKFERE T & (P<0.05 . SXTHRAMLE, HAE
FKFE K (Bim, FasL, caspase-3) mRNA KIRIE/KFELE 3-NPA FUMAN A BEEF 5 (P <
0.05) . F13-NPA SLiiab AR LS, WTAHREEE (Bim, FasL, caspase-3) mRNA
HEREKFEMNELTFRABEREK (P<0.05) , W (& 3-30) ,

. 031 g oz
@’ 0" a
3 0.2
1M 3
¢ 3 < 3 015 b
¥ s
g i E oo
0 - 0 i -
Contro  Control+PC  3NPA 3»NPA+PC Conitol  Contro+PC  3NPA  3NPA4PC
g 017 Fast g 0:0121 Caspase-3 a
2@ 0.08 - a w '
g g % go__ooga o
g 5 0.08 1 b % ]
® £ 0.006
£ '% 0.04 £ %
= 00 j = 0.003
0 . , ol i
Cortrol  Cofrol+FC  3-HPA 3HPA+FC Conbrol  Confrol+PC  3-HMA 3HPA+PC

B 3-30 A RER T Z TR A T EE RN
S53tB8LA LSS P < 0.05, S5HEBILALLE:: P < 0.05

Fig 3-30 Effect of PC on the expression of apoptosis-related genes in granulosa cells

®P < 0.05 versus control group; °P < 0.05 versus 3-NPA-ireated group.
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WA = ARIVER ST

3 hit

A S5 PA3-NPATS 5 B N S E AL N BB RN 4, 2 lE T LR shiiisiii 10
PR HERLE 4R, BidilE &4/ RIPEAZLTROS, SOD. GPXHMCATYE
MR, EREZH: L ERER. RETER. Z8HE,. RIEER. HFESEMAAY
N EOF AN T BE FC VAL AROSHIKT; HpEHE, REHE. A%
REFEHE b RAFPEN T LIRSV E N EE, BR T 4R HuEsnIxt op s &b i
#1EM. GSH. VE. L-EMER. WETE. VC. HIQ. HELSEL. % &8
PUEFIY AT F O EAH P REF S HIGPXiEHE B TP . GSH. VE. L-EWRER. =
R, VC. HifFQ. B EE. SE b RSMHLENB I HA R P RLELEA S T-SOD
B B[, GSH. VE. BEHHEZ. WEQ. WE M ESHILEFIIEE RTINS L
2T F I CATIEE .

SR TR OS 3= B3R I3 T 59 7 AN 51 7 ) [ (0 JURL 40 P, 0L 4 R P v 1k v
SEE I HROSHIS &, INE A B MR A~ 4 — € BRIROS. I A KIROSAT
—EIK PRI F R R RE . . KERE SR EEENABER. A, Jop
HHROSHET £ AN AR, ROSHIIRBM S SIS IRETIR, AE
DNA. &ARMERMEABI, BE BRSSO M fE s> "2, shimr
7% B Al 2 O BE A rPod R B Bt R 10 7K S 4 Bl o AR S 158 i PR, B D IRSTAR
SRS B B L R A, EX AT RN E BEXCR . DR P RGUEAR
R RIS E R B E N, B R80hERR I E ST B ROSKTF B
1RO FRAGHIE, 4ERFIE R 4 EM B R E K G EE.

MR, EANRINEAMA VC & B IABZBEKKT, IHRETH Ve &
BRHHBEIRKE, BATERERSINHEER S 08 A id & ROS, MM EXT 5P #1449
Ryl 2, e R B, SR ITELEE =28 GSH. SOD. CAT
&, HKFEETmERES . GSH 7R MR R B FIRE AT LUA I Z B /R AKCF, B 8g
WA AHTERA AR A U, 2 BEE KRR/ R OP S GSH kT ik R 3~4
nmol/mg %18, 40~50 nmol/mg & {1 128, KiF AHIFHK RAAN TS THRERT
MR (GSH & LRI BEB IR A GSH F#{IK 50 %, GSH KIfF B E s
THBEIER AL U2, BEYELEE (SOD) EHMREA T U EESBEHE
TFRERMN, FHEBRLEN 0, M H0,, SOD H=FKR 55|k SODI1
(CwWZnSOD) "B FELFLETHMFE, SOD2 (MnSOD) ‘& X EHZLETLKIE, SOD3
EREEE TSN, FEERE (CAT), ‘B EEAHE GSH T E i —ik
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/) BRI S S AL B o T S 7 LU B SRR P AL AR TR I 7 X

GSTs, AEB L HEBELRUDEZRATLTEN H0. REMFVEN, HUFEREIHL
MR, PR RSt GSH WEIEMPIN IR RIER 8, X2 ARAERIN
Bt e A — FERTEALE] . Sanz SFRTFTIRIE, BEE RETH S, PUANEEMLD
SEYBHEZIEHAELYEE (SOD. GPX Ml CAT) MEHEHEFE A m. Prakasam
BRI, KMTMBIRGK THENR, FNLHE LMK PIENDBREE RS
T, AR, BATERIAER A O E L DBRE R BT, X
AR AT RE S BT O SEAE A D ORI T8 BT B BRI AL

Tilly (1995) %R AJLMHLES, W4ERC, N-ZBEHER (NAC). SOD
FdENEEESE, 7EAIMITS T XA A T, 45 R R BIROS &Pk 4l A
TR ASEEE R —, PUEALT NACE AT A 5 BH 1 0R 40 e i T & Ry b
102, Ebisch (2007) Z53RiE, LHERhFEMER. BEABIEE AT (K& IROS/K TF3E T2
HORA R E, HEPET R BRI F FROS/KT, REINFRE!. 8.
2 A FLE) A I BEA MO AR SN SR R NN I SRR R % 1R = B B 40 i Y GSHIE)
B, MTTARIE T OF-RF 4R M i) B SR L B R B 7 7 B 1129 1300, o 0 LU B IR
WARYERC, A B EREINRPEEECH S E, AMRERRE LW FRIZRE
EMZHE, BAREBE L PR AT, 20 AR HER (VCRIVE)
PUE, Hxf AN EFEIR S TMIOEEA AR, PR T T RE40 3

[104]

ZMEPEMFRARRETEANEFHOIESN, WACR. B, H8n. %,
O IR A0 5775, AR R KN4y ohee, s,
HPUEAL BB R R R A . SRR, ZMy2EHis s r it BuE IR B 4
%, WINF-KkBEUE, EBEGSH& R, MAPKEMAEIES, REHHIEMLIhEEMERIY,
PR S EE TS U, EERERFRRENEET, FH TR REERTZE,
ANE R LR E A B EFERAIFN DB RGFEGHEREK, SKHERTLIE
KRR 54, JFE, ERETERNKEK. AAMRERE, ERETURS
ZMPiEENE, AR HEEAYEE (GPXD), BEMAYEEE (SOD) , T
WEREE (CAT) MAPHIGEFER (GR) %P, I A 3E MR i fh R 1,
Hung % M8 Brovkol, ARSBAEREAERAMRA A d2EODIR, TR
GSHANFIEFURA, MTTFELE T A dh3f4:. Pandey Y BISTREA, A&
R F K =T EdE S (-BHP) SHHEARNE, RedlEmRES Ehag
FPIGSHMIKF . Bagehi.D 25 TH ik & S Fd A B CIE R 7l T Ve,
VE. W% bEMIRTEERZNPLEMET, SRR, REFZENREMIERER TR
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REHS B8 HRIFRRFEREATNmE

EHEMH. Koga® PIRY, WHEARKR—KATEETE 25 mgke) TUEE
2 M 2R 5 E AL N AR

ERFFF, BITRALBMFRFEMFNAREMER EZRTIRR E—LERK
PLEWTIIMVC. VARIVERE . BATHIBFE RA IT R AF FHH R R EY IR 2 B
RHTEMFEE IR _E N TP T SR MBS RN AT EENE IR X,
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ARHS BNE NEASAAESIAEREEN LRTTR

BME FRFAUARSMATFILE LB

BN REEESMAEEIEFNEREDRAR, 5WTHRER. kKT JRAFE
PR, JSEFHERZBERMEBRNEZREAR. REVIARY, FHNBRSER
RARATNEERRZ —, PR RAET RSB AS . REEE
A, JRIGINE. VIZIER A EER N FRTASR, R IR KA
BURZ £ B IR PR A TS R .. SANESERAREAETEIIAR, =K
FTRSERIVENR TR, REPFRED, ST K BR 4 f I T2 5
WRAEMMMEEERERZ —, 3 EbET T 2 e AT L,

BATLARTHIFT SR, 3-NPATE T /14 3 BF S S RES 5 S R0 40 FRROS /K
Fr A TR, H BRE% EE R EAIEAEMRERRINEASR. 2T
3-NPAREBZES MR 4444 T S BN SA0R 4 L EAL DY, REAS T B SLAB0RL 40 ™= 42
FMHMEEM, EREFEH—PHRABA.

AT #—PHG 3-NPA FEASIIRF &M T BB 512 /) 5P SUB0R 40 M SF AL 454
PARARPEF S AEATEERER, AB B E RSMESRIFIFE P AN 3-NPA,
WLEE 3-NPA X/ R SR EB0R 4 ML O EAL B D56 A R SRS R AR s 44
R C. N-LBHERER. FHRFR, TIRLEARRERNEIIELEERER.

1 Rl EA*®
1.1 iRIE#

1.1.1 K4

3 Ak (16~18g) HEiEH ICR Mt/ MR TR ERLLRHY L, PR
SRS BIFFEATERE (20~23 C) MAIER (14h 6K, 10h BRED %&
T, AMERRLARIER, BRUUKMRE. FRART 7d KisELESE, DA
AR, FRENABATRE.

1.1.2 K7

3-THENR (3-NPA). VC. N-ZBEER¥MER (NAC). DMSO M H Sigma A F];
BEHAEEBWEERREAYEARAERAT,; SOD. MIT. H_#& (MDA) WE®MX
BEAEYHRA; 2LMEREREEWETHE _BE] s DMEM (F12). fi41Mm
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/N BB S AR AL I IR 2 57 LUK SRR AP PR SU SR B i

. BEE§. PBS A GIBCO Ad); =& Fbt. RN, TTKLE: WEMURLK
RFE: REFIRFE. SYBR PremixTaqTM %465 & TaKaRa A #]; Trizol W
H Invitrogen /A #]; TUNEL % iAW B Roche A7),

1.1.3 &g &

SR Y52 B PCR {4: ABI7300, E[E ABI A

UV-754 25000006 BB AR

fERKES: JERETRET

HLFR°F+: Sartorius BP210S

FBAKIEVKAA: Thermo

EEA RSO HL: 1 [E Eppendorf, 5810R ZY

SR DR RET AW

FLVKBEIR LR R 58 Bio-Rad

MBS HKH: PRO200, HEEHRHERAF

PCR 1{¥%: Takara

1.2 iR HE
1.2.1 SPEFRAmND B S5EFH

INRIERNERR 7d 5, R HMEVE /D RIS RS S 2 B E R AR EE (PMSG) 10
U, 48h JE#iMENLFIATEIREN RS . Ryx DR T .
W/NRAESLR A FTEE, & EA 75% TR THRREE, EXEAMT RN
FEXTHT) SEZIECH B 09 S50 T P (O B F12 B BEp03R M (35 x15mm)
oF
O EA RS RBERREMENAEG E, FEAREFMANEMN 1mL FH 845
KR O B SR TR R A OP VAL, SRR A BB IR B B SR A
QT A NS G, MHEEERETRIPER kY, RAEEBFe T EH
ImL ek 218 1) A Bokr 40 BaRR 5, Ve i, B SR B K 25 5 38 Ak
¥ 6-8 BRAERIBR M, % 2.5mL K FREBA T25 BN, ET 37C. 5%CO0;
FASHGE FE A 1 FE A N BE5R . [A1RR 24h BTSRRI R Y5 4, QMg et iT5E
Fr, 29 60%M M MAEREIF 48h I MGREAE K, Tk F12 BEsr AR 4E 8% 5%
(5)H 0%MAMIA BN &R, BRMpERETRE, FHTME PBS EE—Xk, WA
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RIS BUE ARFEAFESIREAF RN LR R

TRHITHY 0.25 %R EEE 1mL, B3R M H4L 1-2 min &, FHLBRWREEJLIREETER,
SRE I BATRB & F LB R TR 2 & b

(6)Z fUB 3 1000 rpm, B0 5 7304P, &Y 2-3 IR, MEERER, IMATRMEFEE
WRECEURL A A B, o A0 M B 8, BB A R R 1x 105 FLI AR 6
FLtkH, 48h BRI MITIRGEE, R MIC A EIRE] 90 %At , HATHXERN

=

5%
1.2.2 FRARESERE
Giemsa 8

D12 LR A BB IEE 60%-70%, FF: F12 B,

@PBS {H¥E 2 X, HEEEE 10min.

@R £ FEBA, Giemsa TAEH YR 45min (Giemsa: FEEWE =1:20).

@K¥e, BT, BHETWE.

HE 68

D12 FLIR N AIREEFEE 60%-70%, FE F12 B,

@95%Z.BE[F5E 20min, PBS ¥t 2 K, K 1min.

OGS 1-3min, BRKMYE, BB TURE, HFREDR, #To6A0H.
@FLWHPE Imin, EHRAKMLE, SHMBETHE.

1.2.3 MTT SE# 5P S B 4R AR TG 5

MTT S 1ERLTE

O #4552 59 S TR 4 RS MBS RS ALY 2}10° AN BF T 96 IR,
¥l 200pL, BF 37°C. 5%CO2 HXHBEMMKIEFEANEFE.

@ FHAAKRKE 60%~70% & Fr, FTUUTER: BEKRERN 0. 2. 4.
8. 16 32. 64mM 3-NPA [FFEMAEILP (BMREER 6 L) , R
AL IS ARG F12 B350, S4EH5R 24h.

® FEBEFRE, BILIMA 150ul FIEFREM S0ul 1 x MTT B, 37°CHEFHNR
H 4h,fF MTT B 5K B,

@ T FiEW, B 150uL DMSO ff BB #E, FIRBREY B A EY
10-15min.

® BEFFXAE 570 nm HKAAKMBALIEE, KBER 3 K.

® SRt AREEE= (N4 OD/X B4 OD) x 100%.
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/N BRI B N O 2R 5 DA R B SRR R R AR B

1.2.4 Bifr4AAEAY TUNEL & B AT- RN E

R T5% MBS ARE 2-3 K, BEeNHFARTrRERERER
BETEBITKEE 12 8, UERAEHREREMESEN, RRESHAINET
12 FLAR A9, 5 2 /09 54> 35 J5 158 20 19 50K 40 B B 1S0pL A B) 12 FLAR i —
ANEW R b, BEREE, SLAE 12 LB EFRERESRE, 423 MitiE,
W 12 LA, B0 BIMATIHRGFR ImL B F12 #5373, 2E4E855F, 4T
A %] 60-70% Bl AT & 2 4o, .

TUNEL & B AR ZBnT
@ Wl 12 FLAR P RIEE FR K, FBHAE PBS &Yt 2 Ik, IR Smin, REDUE,

HARTHARERN SRS, k.

@ ZEPREEE 1h, UK PBS B 2 ¥k, &K Smin, 37CH#HE LHT Smin.
® 1%HY TritonX-100 # & F %% 15-20min, PBS &E¥E 2 R, &K Smin, 37°C#

& T Smin.

@ TUNEL #:f0. TUNEL #fa (&: label=1: 9) , AKX L Sul,

HORSETRERZ B, 37CEAET 1h, PBSIEYE 3 Ik, &K 5Smin.
® DAPI . BAFHI T LM 3ug/mLDAPI T4 50uL, #:ff 20min, PBS

EIE 3 Ko
® PR F 5-10uL (FE KA. PBS=1:200) WinF& A b, REHHEH

REBE L, BETHOCKREEHE T UE.

R AMBEAT RS BEEREEMBETHE, AEEANBILGEERL

BT /NMEG AR, 40 5948 T 1HEL 10 AN [F AL ES A 08 T 09 F0hL 40 f 3

1.2.5 MTT 3483 VC. PC. NAC W EhiApRE T R0

O SR A 2 A0 RS 3R LA 2x 10T AN ERT 96 LB, L 180uL,
BT 37C. 5%CO2 HHXB MMM EFRMNE I, FREAKKSR 60%~70 %
AN, BHATUUTSEE: ARMAKRER 0.5, 1. 2mg/mL WREREFER (PO
F10.25. 0.5, 1 mg/mL §J VC FI N-ZBE¥- R B (NAC) 20 pL /FL, 1HBIZMRE
A (50 ug. 100 pg. 200 pg/mL) 1 PC H1 (25 pg. 50 pg. 100 pg/mL) #] VC Fl
NAC, #4 6 NELEFL, R EZ AXTRAM 3-NPA 4 (24h JGINAZ5Y), 1557 24h
f,  BRATRAL, HAZHSHIIA 200 pL16mM R EE ] 3-NPA BiFf &k, 4k&Eis
7% 24h 5, ZFLBHIAN SOuL1 x MTT ¥, ZREEHT3E 4h, WH LW, SILINA
150uL DMSO, “FARIEIK 10-15 min, BEAR{XTE 570 nm FEACKR MR FLEDG S L,
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REHS FUE FRFEAREIMAEEE K BB

AL ER 3 K,
1.2.6 BRIZABE SOD EMEF MDA S E/INE

BRI R R T 6 FLAR I h S 4. BN 4. 3-NPAAH. [REFE (PC) 4
(100 pg/mL). 4E4EFE C 4(100 pg/mL). N-ZBEEEHFE B (100 pg/mL). HFHARICE
FEIRB 60%4 4,3 NMPUEFIA D IR R T EWRE TR 24h, XN RA
1 3-NPA ZHMgk&EDL F12 BEFrEHER 24h, RFHRAEXRAS, SANMA 2mL
16mM K E ) 3-NPA #5375, B35 24h, REREZHFTRAMAIREIRK, PBS ¥
BB 2 Wk, DAKETEH T, ImL KAEBESKBERR, KEThHES
WA, AW B TRE TR A MSE, 4R RO S i e, e ok
Zffp SOD V&M MDA &8, Fikhi4 M E & ERNRAH BCA FiEH#TIE .
Bt R R AT AT AR, AW 3 NPT, BENMERESR 3 K.

1.2.7 BihiZHAE S RNA 2B K E8 PCR

RE =
Fz 1-1 LRSI ES PCR N5 IYETIFIE B &4
Table 1-1 the Primer sequences for real-time RT-PCR
Annealin
. . Product size neafing
Gene Accession Number Primer sequences (5'-3') Temperature
(bp) o
C)
GAPDH M32599 F:ACCACAGTCCATGCCATCAC 452 56
R:TCCACCACCCTGTTGCTGTA
F:ATGGTGGGGGACATATT
SOD2 NM_017051 166 57
R:GAACCTTGGACTCCCACAGA
C NM 0098102 F: ACAGCACCTGGTTACTATTC 207 s6
aspase = ““  R: CAGTTCTTTCGTGAGCAT
F:GTCCACCGTGTATGCCTTCT
GPx NM_ 008160 152 57
- R:TCTGCAGATCGTTCATCTCG
F CGTGCTTACAGCCTTCTA' 181 58

FoxOl  (NM_091739.3) RACCTCCATCGTGACAAAA

2.8 FitoHh

AR AP FEHIEI L CPEMELFREIR) Rox, FrikREdENH SPSS16.0 4ivt#k
T RRRGTER R4, HARERMRA LSD &ik. HErindEL P<0.05,
P<0.01 ARG #EN, MERARELER=KU L.
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/I B S B8 SR 7 AR Y s 7 DR B LR 0 LA 7R B i ik

2 R

2.1 /NEROP E BRI AR RO TZ 7S F W B

ANEOR SR AR R RS — R SRR MR (WE 4-1A) 5 DR
B S UKL 4 O AE AR SP 1S 97 24h Jm T S NG BE AR ROIR A S T A el T 46 A4 B TR B 5
B NBRIEEARWE = AR (LK 4-1B) . AN HIVEFR ML Giemsa 4
t)a, MPRERBRLE, ARBARKERLE (LB 4-10 o /NS BR
Mz HE Reta)s, BORAMEREREGA, REEOE (LE 410D .

B 4-1 NRIVEFRABAEFSFNE. A SBEREDRIVEFREA (200<), B: 1E5F 24h 7
BN BN E BRI ZERR (2005), C: /NRIDEFRIZAEAY Giemsa e (400> , D: IRIDEH
RIZAAEAY HE 28 (400X).

Fig 4-1 Morphology of cultured mouse ovarian granulosa cells from mouse ovaries. A: mouse ovarian
granulosa cells after seperation (200%), B: mouse ovarian granulosa cells cultured for 24h (200x) , C:

mouse ovarian granulosa cells stained with Giemsa (400x) , D mouse ovarian granulosa cells stained

with HE (400x%) .
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W S ARGURAM MRS P BB

2.2 RREIKRE 3-NPA X/ iR 5P S A 40 M (B 5 1 R

MTT %M 5E 0 — 64 mM ] 3-NPA 735l 4F FH 7> B 5 SLSURL A0 . 24h J 16 40 Jf 3% 1
FE TIN5 VR E VG Py, 3-NPA X/ BN SR 40 v v B ) B RIvE L, JFHEL
B A A R P T e LA R I s, SR I B BRI ROV O R . 4 B R A 2] 50%
I} 3-NPA KL H 16-32 mM, BRI 4-2 fis.

HHLAEIEHR (%)

0mM 2mM 4mM 8mM 16mM 32mM 64mM
3-NPAKE

4-2 3-NPA ¥ 5P 55 iy 4 R+ 58 H ) ih 2%

Fig 4-2 Inhibition curve of 3-NPA on ovarian granulosa cells proliferation
2.3 REIRE 3-NPA X Fh 4 AEE T8I 200

TUNEL #0052 7 0 - 64 mM K AR E 3-NPA /) 5 U SL80R 40 i /E F 24h (1940 2
VAT SN . 7R AL ER VR VAR A, 3-NPA T /) BB S5 0 40 M 05 1 R 0 S i) S UK
BEREIEAASROC R, BN G0ALE 1 2 pEIR B 18 N 7t %5 . TUNEL BHMEAS 5 4 sk B2k,
R T BRI A, MR 2R SR, 4 mM IR DL E AT LR £ st (a9 fs
5 (WK 4-3), 0-2mM ME /D WEISREAT(E S . ORI M UE 1o iH 54 R R 16-64
mM KR 0-8 mM IREAHFE T HHEAREEH™EZ (P<0.05.
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/)N Bl O S50 A 7 PR R st T A% B SO A 1 0 SRR 4 O ik

DAPlI TUNEL Merge

0 mMI/L

2mM/L

SmM/L

16mM/L

32mM/L

64mm/L B
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WISy IS AR GO AU RS P LRI

Apoptosis rate

[ 4-3 3-NPA Xf|\5R BP S Shr £ A e T2 RS20
FRXEFHRRESREZ (P. 05

Fig 4-3 Effect of 3-NPA on percentage of apoptosis in ovarian granulosa cells

Different capitals indicate extremely difference (P<0.05)
2.4 REHFLELTIZT 3-NPA 1545 BRI 2 i 8 T B9 #2000

TUNEL EM5E T ARHEF VC (100 pg/mL) . NAC (100 pg/mL). PC (100 pg/mL)
b5 Uk 4 o 3L 7 A S T R 4 M A1 B A 00 ER AP VE o DR VELBUR 4 i 285 3-NPA Ab#
24h, 3-NPA AUMEMURAN A M R BE T m, SXBAMEt, ZRagEa X

(P<0.05). =FrHraiflEMbigfuttin g/, PORA M % 855K, 5 3-NPA
Ak, ZRBFEEEGIIFEX (P<0.05), WA 4-4.
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DAPI TUNEL Merge

Control
3-NPA

vC

Apoptosis rate

Control 3-NPA vC NAC PC

4-4 FUEFIXS 3-NPA 1517 BURLAH A T R A #2 0

ARASFEREFZEREE (P.05)

Fig 4-4 Effect of antioxidant on percentage of apoptosis in ovarian granulosa cells

Different capitals indicate extremely difference (P<0.05)
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KBy BUEE ARFAELTESMUEAE SN LRAR

2.5 REHRELFIXT 3-NPA {5 FRI AR R R N

MTT % T AR EHLEF VC(25.50.100 pg/mL) NAC(25.50.100 pg/mL).
PC (50, 100, 200 pg/mL) 5530k 40 i 3E5 5 o 5 Bk 4 A R AR e . o
TR I 3-NPA A3 24h, 3-NPA ZH SRy Bk i A2 iE R B EPER, 5T
HALL, ZRAEHTEEN (P<0.05). =FAFRRENTER S TR A RILEET G,
VC-H (100 pg/mL). PC L-H (50. 100. 200 pg/mL) B A MAEELRLEAE, 5
3-NPA 4iAHtt, ZRHFEELIFEE X (P<0.05), VC L-M (25. 50 ug/mL) F1 NAC
L-H (25. 50. 100 pg/mL) B MMEHKIFEEFEE 3-NPA HAHLLE, BRERBEZER (P
>0.05) UL 4-5,

1.2 -
1
0.8 4

0.6 1

Survival rate

0.4 4

0.2

0

Control 3NPA VCL VCM VCH NACL NACM NACH PCL PCM PCH

& 4-5 mEAEFIXT 3-NPA {5 BR MBS R RN
AEAAXEFHBRFTEZEFEE (P <0.05)

Fig 4-5 Effect of antioxidant on survival ratio in ovarian granulosa cells

Different capitals indicate extremely difference (P<0.05)
2.6 FRIMEANLTFIXS 3-NPA AR 4K MDA & 2/

AFHTEF VC (100 pg/mL). NAC (100 pg/mL). PC (100 pg/mL) 5Bk 40y
HEFE, XAMARELZBRENEBRAET MDA MSE (B 4-6). SIiEER 4
M2 5d 3-NPA 4b¥E 24h, 3-NPA 4 IRVERI41f MDA S BEZETHE, S5xtB4AM,
EFAGRUHFRX (P <005, ZMHIEi5PnaptBE s, Bkg i+ MDA
HEEFBRM, 53-NPA ML, ERVEEESITHEN (P<0.05), LK 46 .
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30 ~

B B

C

25 | c
A

20 1
15
10
5 4
0

VvC NAC PC

Control 3-NPA

MDA levels (nmol/mgprot)

4-6 FUETIXT 3-NPA 155 BAi 4 A A MDA 7k 39 #2
FTRAEFBRREREZE (P <0.05)
Fig 4-6 Effect of antioxidant on MDA levels in ovarian granulosa cells

Different capitals indicate extremely difference (P<0.05)
2.7 REHENLFIXS 3-NPA BRI 4R SOD i TRy 20

ARFEF VC (100 pg/mL). NAC (100 pg/mL)+ PC (100 pg/mL) 55 ik 40 i
LR T, R S S A B I R 41 i N B A B AR SOD vETE ( 4-7).
SRR 40 420k 3-NPA AbF 24h, 3-NPA ZHE0EWR 41 SOD & BEH S, S5
STHAME, ZRERITEENL (P<0.05). =FMHEHSBRMARILE TG, B
i SOD W B & FRK, 5 3-NPA 4i4fth, ZRIWHLEF RN (P<0.05),
VLB =R IS R PRIR A = 1) SOD &, LI 4-7.
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BRI BNUE REEATRIMTEEE R LB

10

SOD activity {U/mgprot)

Control 3-NPA vC NAC OPC

Bl 4-7 BT 3-NPA 1A TR 2B AR A SOD & TERTFANE
FRAEFHRREREE (P <0.05)
Fig 4-7 Effect of antioxidant on SOD levels in ovarian granulosa cells

Different capitals indicate extremely difference (£<0.05)
2.8 REHTEMLTIXT 3-NPA 57 BUHI 40 i o £ FE Rz B F2 0

/N BRI B 5 AN B9 BE U3 VC-L. VC-H(25. 100 pg/mL); NAC-L.NAC-H
(25, 100 pug/mL); PC-L. PC-H (50. 200 ug/mL) & 5000 T P R A
FPAT R AR A P RIEE L. TNV 4 2T 3-NPA 4b2E 24h, 3-NPA 44
YRR 40 P USR] (GPX. SOD. CAT) HIRIE/KFEZEE, SXTIRAM
b, ZHH G FE X (P<0.05). VC-H. NAC-H. PC-H =40 Bk 41 i HUi i3k
(GPX. SOD. CATD) WRiE/KFEZEREIK, 5 3-NPA AL, ZRIAFEBESR I
FEX (P<0.05), WE4-8A .

/NER IRV BRI 205k 3-NPA 40 FE 24h, 3-NPA £H GRyE Bk 40 i Caspase-3 F
FoxOl RNFREBEAm, SHBAML, ZREHRITFEX (P < 0.05). VC-H.
NAC-H. PC- H Z4H BRI 40 8+ Caspase-3 Fl FoxO1 F: K FIL BE R, 5 3-NPA A
ML, ZR¥VAFRBESGIFEN (P<0.05), WK 4-8B
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>

27 GPX
= B SOD
> |
;3 3.0
=
=
= 2.8 1
= 1.0

0.0
Control 3-NPA VC-L VC-H NAC-L NAC-H
58 - B Caspase—3
fl Fox01
(f.j
=z 40
=
3
= 3.0
=
g 2.0
2 10
0.0
Control 3-NPA VC-L VC-H NAC-L  NAC-H PC-L BC-H
B 4-8 S FIXT 3-NPA 1% Bk A £ B 3R 1% K TR 20
FRAREFHERREREZE (P <0.05)
Fig 4-8 Effect of antioxidant on mRNA expression levels in ovarian granulosa cells
Different capitals indicate extremely difference (£<0.05)
3 g

WESURN, (EMEVEYE B SR AL R PSR, R R 50V A B
By 15 B AV T A A B VIR, B PABOA  R R A
TSR], EHRIHORE S ERA A R R %2 —, I ELIXE AT 0 5
IS BB T SR 2 17,
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RIS BUE AFEGEAFIEIMEAE R R

SRR AN EREROSREN REREL —, I HXEAR AR A Uk
(1397, 3-NPA HAEAHMGIRTIRAL., e SERIAE S (BEMRBAR R4E
AR, NIRRT T IR =R RGN, (EntA i kA2, (ffeE
PR, B4 KBROS, SBEUBAIRY S M. AR R ER3-NPA
(8 — 64 mM/L) Fef A8/ BNV BRI AN MU AR o R B THa, b IRATT AT DAHEI A
5 U BE 1 3-NPA TR 7T 58 2 38 1 O 2R FURE 40 B P e b 4 B R A2 A 28 A0 AR = AR R E Y
ROSH A ¥ 1o 753 Uk 40 i A £ R T IR A

3-NPASFEE A E SRS 214, e fefd— &/ EH, maRBaRC
&, FHMNEARMCTHMAREAAERE R RE S SRERRKNARARCSRE
CaspaseZX %, MK EEMMA TS RETREFEFEFEENIEH, ZFKEW 5 ARAT:
FBzhf b, WCaspase 8. 9. 10, TN T, WCaspase 3. 6. 70, KRR
R LB A R ER B, FoxO1 R i s 7 TAE S R R 3Rk Sk 75 2 41 g
AT, fEABF5TF Caspase -3MFoxO1 mRNATE3-NPALLHE 5 Fik K E BET A,
1X 3% B 3-NPA BUBURL 41 fi 48046 333 497 1 7 B AR 7T B8 & 8 i3 FoxO1 /i 3 () 1& 12 SR s
Caspase -3[1FR1&, M5 BB 40 P 1289 -

FEIEEBILT, AIUENEEEROSH AR SR TR FERES. J5R
B SR N ADB X MR SR R, PUAN RS A-F sl 248, ROS
SREFE, ATHBHERENKERROS, PUAEISS) R AR & RS
BE L RAER I E M BT, T FEIEROS 7K, WD SRR AL 471 11 MDA
ASOD 24 Jf1 52 2 B AL AT B A AR M IFR AR . 1SR B thE R 5 A E 2 R
YRR B R AR o AL O, FF R s R B iR i S8 4e ), i —# (MDA),
BRI EMDA I & 8t e % 11 g 17 B2 S I 410 A 4L 1 el 6 25 BRI AR A 3 05 P B i A6

147]

LA EESOD & — MR T EE R X P N —Fh Pl Y8E, ERefE
BRI E RN B RIEANL0,, HAIERB SR A TLRNL0. FEMR
FH, 3-NPARLWSIEHIEILYEE, WSOD. CAT, WEHFH 5, BREHIEREANT
BT Z HIROS, FRRMMENIUE B —Fr B tE e L, BATMws thR B,
UL 40 A SOD V& T £E3-NPAAL ¥ 24h /5 B B 7 &, I B HUEGH HI#h 78 BB 2 22 [ (IK
XA AT S T .

ALY, 1E/ B ORIE R 40 f A S IRl , JLERIVC. PCRES R
i PR AL B BCIR A T 0 BRI RO 41 I R o2, IR R 0 R, JFH A
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/I RGP B0 R B g 57 DL R 99 SRR M UL R (1 5

W R VCHPCR TLA AR HIE R SE 20 B35 . AR RS HLEAA A R R A 2 41
T AEE SRR KR .
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REHsT FAE DRIVESANER EREERNEN

EFLE /DRIPEF NI FIETERERI R

B LB B A TR RN BUR TR IEH ISR S0 RE,  BARTE(R A IR SRR
ANy BER—ATHEN LDREANEST, EASTRTHEEI IR EEES),
BIEREAPOEE. IENESE. R, BB, Hpgs o,

FERBEMOHLE N, SR R SHENMIK T RRE— S TE, B4
SNSRI SRR, XSS TERLZENE, ERANROSEE, B
SRR REAREARE . SUIREETIAN S ASSBT, WAL
NS SRR AR EINER, MEPIEIRET. RERH. Wi, FERE.
7E ARSI, SRR IR R E . TR, B,
R, DTS,

SIAROSEEEE, WRSIEMESAMMBKER. HARARH, S4NETUS
WA AT, RZRENBAR AR RERTE, ROEARE. BBEREER A
AT ME. EXERINETKRESE, WMIPEAROSKFE BT B FAAHK
(1521, ROSEEMIFLEN Y A BB I /E SRR BcE, BRTE MRS AEE
SRR MET . SIS, IR R NEUK XN FIVFRIE W, EXT3)
YIS R R ) BT T R iR E R D .

KT FT AL /0 B SR SR EAL B B D 2R, B 5 0 S SR A Do EE /1 B A
WAEFSE. BREAT. BREENBIRERNRN, 49080 N5 AT
RN T BRI ST B e B IR LA

1 MRl 57A%
1.1 IRz

3 A% (16~18g) WHiHHK ICR MM/ PR TEERTERLLRIIY PO,
MRS EUBDHEFEANTERE (20~23 C) MAINXRE (14h 68, 10h
B &MBT, nEBREAER, BHRRKIRE. SREHT 7d BFREN
R, URWAERY, FRENFSEHLRER. ARKPARRTERALKX
2HYLBRPO, FEHA 46 ARBREITEE K, LRARATEERE
WA
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/I B O SRR O SR B g ST DA O SR AR PR UL R G 0 i

1.2 KFN5EE

1.2.1 FERH

o AR AR R (PMSG). ASEBREMEREE (hCG) M BHTLAE T
TEERIAT; SEMAM. 3-THENER (3-NPA) W H Sigma A% ; 1mL yEH 88, 4
#EHK (500mL). s I EW B r R R AR
12.2 FEUH
TERAKER: R ETRET
X F: Sartorius BP210S
AR B0 WL: 4 Eppendorf, 5810R 7Y
EEHRER: RERZET SN
SZ-51 BUGRHL B
OLYMPUS £ [z # 55 FHHL
TS
AT ESWAS: Eppendorf

1.3 IR FHE
1.3.1 MRABERE

ANRRNE S LABER ik ., SMEIERVE AR iU B R R S
NERBZ, PrelEREs K& A RS EZ 5T 2 ML B gemie . BAkEE
JHEIR s WFW LAKRTE, —FERERTREDIREE, KNI
Jemi L, DATFHIENSRRELEHERERE, ERFREAeXERTELAEE, 4
T DR A K B B AE B D AR I — A B E K, ZFMERAES . 1
A KR AR E A RS, THIRAET =3 IMEES, BHERRENRE A B KR
H, HFHERARE S, RERIEB A L, ERPEETHR, S8T/ERFEE
SE Smin, TNMEEEE R HEATIYE 10-15min, FEEHATM R . T, BN,
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Table 5-1 the various type of vaginal anear epithelial cells

Br B FRERE 'J\ﬁi%ié?%}#ﬁﬂgﬂ%ﬁ
R 3 0.5~1.5  REA% LEAREIS, SEOMNK, fER > ELREMNL LR,
KN 1 JUFA Ao LA, KT i, LA BT

A I L. 28 REEFAL LR 4, ﬁ?%%)%iiﬁ, HIBLVF & B 40 1 A 4% b B 40
A 18] 39 2~4 REBIER A, ARE D ERIEAZ DR

& 5-1 Bﬂﬁ%ﬁﬁt&"%ﬂﬂ@ﬁﬁ
mﬁ%ﬁﬁ,&ﬁﬁm,lfﬁﬁm,mﬁﬁ

Fig 5-1 the various type of vaginal smear epithelial cells

(A) proestrus, (B)estrus, (C)nTetestrus, (D)diestrus

J
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/I B, B SRS A AR R a7 LA SRR 7 P USR5 ) O

A& 5-2 I]\E?Lﬁﬁmgl\%ﬂxmgﬁinss]
MK, BEMM, C:KMEM, 0:EM

Fig 5-2 four stages of estrous in mouse

(A) proestrus  (B) estrus, (C) metestrus, (D) diestrus

1.3.2 ¥ 9B 5254 £ 5t

6 RIS HETE/NER60 L, AL A0t B RIS 20, %o HR 4 /) B4 BB s oA v 5
0.1mLAJA B EEK, SEE0 20 /) Bl B HUIE IS P9 159 0. 1lm L) 3-NPAYE ¥ (12.5 mg/kg ). X
PR ZE RS 4 43 ) B IR TR 20k ( B4-8:00, B 120:00), #ELLERT7d. 22
FA AR K S BB SR, MEME/DNRT (M 118:00) fEiEWESRPMSG 10U/, [
K3 48h, 8 iE 3 S hCG10U/ A F S hCGIE ET 5 A Az L1 #5588 . RH B (8:00) £
AmPIERE, WRHE AIEYR0.5K.

1.3.3 MR A BB RBIME

Z SRR BRI R ML SUMENR 4058, AN/ BRI IR JHE L MR L DR ERAE Y
JERR ERRE, FrESRS R (RS EE=RSEE/RNER, B4 mg/g),
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RS BAE DRIURECNE R R EZM

HAGFF, —T 4%NBSRFBEE, USREBEARENE, —HBREAHR
T RNA fIRB. B ET 4°CHE 30 min J§ 4000 rpm 2.0 /5B _E#E-80°CIREE,
DL R AEAFRPR RO €

STRASERASGHI 10 RAEERSE 7.5 RERE, RETHB AL, FRE
FRBIIEEY LR FEE, RETFE, AEBRTEZEIMHBER, AREMRTE
AIVERRFIZERG, HAMERKBEFEER, RN CRERBANERBEE U RERE
2. H& 40 MRS RIEERSE 12.5 KA 18 REFFHER F 4%, SIEMEIHERE
HRERE. FERERRSURE.

1.3.4 FitELH

AR FIEHIES L CEAHELGRER) £, FIHREIEN A SPSS16.0 4tk
B TRRESZE, HEERKAH LSD %K. HEts#ELL P <0.05, P<0.01 3F
FZirFREN, FFERBRELEF=R L,

2 BRGSO
2.1 ANHENZRERENENE

SRARERALEZ 0 d % 7.5 d KEAMEY TSI LR (P> 005) 0
AR EERE RO, FARRAERNESE. MEARNLRARAREE
12.5-18d HEMEEDMNMHMEEZER, LRHFR (3-NPA HIFAH) EEESE 12.5
dHFRHIAERNERE TR, SHRMLAEANENERES (P <005),
BB RALEIRS 1840, MEAAEANEYESHTELRA (P<005).

R 5-2 -NPA BESHELE AN ZRIFEMTL

Table 5-2 Effect of 3-NPA-induced oxidative stress on the body weight of pregnant mice

R Zod B7.54 212.5 d 18 d
#on HE

hE hE HE HhE HE thE BE

SHEE 17 2563 %112 3891153 13281067 468+145* 21181087 562+1316* 3058 £18%

3-NPA 13 25341114 376167 12341076 4322163 1786+05% 5141246 2606 £145

. FVREBEREFRNEFEGRTEREE (P<0.05), Note: Mean with the different small

letters in the column were significantly different(P < 0.05).
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/) B G SRR CH N S Y s 7 DA R O SE R G MR S A SR R R

2.2 FUEHX MR EIHBE N RIFMN

SCUS L RIRT B L5 BIZEVEST 3-NPA TR $h/K I3 5 d, FIRTZ PMSG 4038, 48h
JEEES hCG, RIGS MRA BT 11 8%, SRERWTR, SRMAMLE, %
BRAL I A AR R BERC (P<0.05). MXHRAMLE, LRALER 7.5d.
%1 12.5d F1Z 12.5d AP RBBEBE K, AHIFFEEN (P<0.05) (WE 5-3).

# 5-3 3-NPA B SRR LT/ R FEIEAE WA

Table 5-3 Effect of 3-NPA-induced oxidative stress on the fertility of mice

MR ABH paet A9 F 5
SRR 36 26 (72.2) » 20 (76.9) @ 2433F0.64° 23.50%0.76¢  1850+0.32¢
3-NPA 45 24 (533) © 16 (66.7) ® 16.50£0.58% 1525+0.52%  13.50%0.37%

F: FHNEER T RIS FZEBRTEREE (P<0.05), Note: Mean with the different small letters

in the column were significantly different(? < 0.05)
2.3 FALNEA 2R AR E R R

MRARMLEATES 7540, . B T IRESERRBRREREZRERAE
Z(P>0.05), SXRAME, LA (FEHRR) KSR HUE 2 FRK (P <0.05),
XA AR 125 d B, BHOIER[ERENAZRERAEE (P>0.05),
S5XTRAMWE, M. FEHRER 2 MESHERELRA T BERFK (P < 0.05),
R EELRABZEA S (P <005, WRAMLHHEAZ 1840, T, BRH
BHERBER A NERAEE (P>0.05), GXHBAMLE, BRSTrcwg
BEHE (P <0.05), X RAMNE, FERBHBEHERRAEERK (P <0.05).
XEAEF TS dR 12540, . B, FERBAEREENEEESEE (P <
0.05), BN RN IBH 2N B THEES (P<0.05); 41254 & 18d, M. 1.
BB SRS IE BUN DL BE REEE (P < 0.05), FE+HRIEHRSEEEINEZT S
B (P <005, EHRHAAEFTSIE F 1254w, BRTFEHHBEHRRINEE
A= (P<0.05), HATHARAERAEE (P>0.05), HEBHENEET
PRl (P<0.05); 7E4125d &2 18d, . BB HMEKENREETHRER (P<
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REHs BEE /DRIPEELAEN REM MKW

0.05), SHEBRHHBHBIATHES, BEERAEE (P>0.05), TE+RRELKEYE
FHE#a (P<0.05) (IF 5-4).

T 5-4 3-NPA BESRELNBN R B RREHMEE (ng/g)

Table 5-4 Effect of 3-NPA-induced oxidative stress on the organ index of pregnant mice (mg/g)

an R MAE 215K B125 K 318 X
5

s 64.05+1.72% 70,082,022 56.30+2.31¢a

] 5.02+0.22% 8.18+0.38% 3.66+0.21c

XA 17 g 110440274 9.75:-0.3283 7.84:+0.25¢2
FE+EL 242242 53 17030+16.31%  367.89:+18.23%

gRa 0.9410.06% 0.7410.028a 0.67+0.018:

s 63.84+4.31% 65.71+3.78% 58,07 +2.568s

i 4.92+0.34% 10.3240.35% 5.46+£0.21%

3NPA 13 g 11.0740.20% 0.73+0.28% 8.07:+0.198
FE PR 1353+1.86% 14548+13.76%  345.19+17.810

T 0.89+0.06% 0.770.058 0.68+0.018s

#: RITERBITFAASEERFTERRE (P<0.05) , AIBEREIRRA/NEFHERRE
FHE(P<0.05, Note: Mean with the different capital letters in the same row were significantly
different(P < 0.05),Mean with the different small letters in the same column were significantly different

(P<0.05)
24 SUHNBMIEERESE R

ExtmAMmtE, BIFREELEZR 7.5d. 125d 1 18d, HEEETH, BFEER
EZHER (P<0.05) (JF% 5-5 F1E 5-3).
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% 5-5 3-NPA IESHIE XM AR EMES MM (X £5)

Table 5-5 Effect of 3-NPA-induced oxidative stress on the body weight and number of fetal mice ( X +s)

ZR 278X 212.5K HA8K
#H B e

fatr ¥ R kE et 5 Btk E BB faREE

MR 17  2433+064% 002640002 2350+0.76* 01210005 1850+0.32* 1.03+0.08°

3-NPA 13 1650+0.58° 0.018+0001* 1528+052* 0071+000¥% 1380+037> 0.7810.06°

i FVMNEEERIEARNSFEFEBRTEZFREE (P<0.05), Note: Mean with the different small letters

in the same column were significantly different (P < 0.05)

Control 3-NPA

7.5d

& 5-3 3-NPA IBSRIE LN NRIER &2 B BN

[€]-5-3 Effect of 3-NPA-induced oxidative stress on development of fetal mice
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WML BRRE DRI AN B R T

3 g

HHEA T RENME AR RN EERVINRR, Wk, i
[E. REsi B, #0E. . 2- BRSSP HET, SR B ol
NZSERAR XA M EE SRR R SN M AT LA - EEY
fER, RAMEHAROSE TR EERIAL . KEWF ERROSTEH B Z A
FRFESEEEIFFERNEN, ETENBERA. WMOVEN. BEREEAILERH
BAFERAZPEERFNEM.

EHERMEERETN R, SANETETERREEE R G HEIERRIRE R
AU EED A M RN EAFRS, NI ZFAERABEER " ERE.
Riesewijk "*OF1Sugino ("1 AF41& BIROSAMY AT LUE i (f R B R AT ERE R A 2
hEe R E R RIEE T RMAERARM, 1AFKclaudin 4 ZER, BEEEAEERE O
[EFRE, EREET IR MPGF2o I RIA/K T 78 AWM E FBHEA RN, i, &
AAKCEFINO S ERAMMZ AR MU EHEIFEFTEENER. AMALERER, o9
SEAL BT UL 2 E RN RN Z 2R, MIERENRREERE, SERKAT R
e BATMERRY, KRADRMZHEREZTIRA, RO IEXFENL
R AR T BR BRI AG A AT JE 75 W IR SR R 3R 1K 1 L HY

WF9iR S, ROSHFUEMFETEMENAEE RS, BET IR, WInE .
B BRI, BERA BT B PRS2 10 B I NS T RGO IRAG, I P BLRAL
ZRPHGEE. WINEHERREMHR%, 55K FIROSE IR, 7
HERE, EEROSEE R LG HE AR, Yang WK IL, EIRENH0A8 5
KR A FE A Wang! I Dong " VR BLAN A1 18 L (/K 7 B B /K FIIROS . NOF
RACF RIHLEEA A

BN SR EEERATERENRKR, EAEEERMS B, ENFE
WG R A AL A 5 R AEEAL NGB, Hl TR N — SR mBE Yk, T8k
S R AN H IO AL B R YRR T, RE MBI £ HUROS, TS 40 4
RAEYRFTS HE M EAL IR 17, BEHIEIRTT A4ERE . Jauniaux U@ I 5E 22 7 M AR A
i 48,73 s R BUAE IE & SR BEIR MR AR AR MUK SE i, MR AP R A4 T |
Raijmakers! @ I 52 SE SR A P iE M= AEBE-NADPH, & ILIE % SRR (K B 4 p L
AR EKF AL LU BB ST S B8 9 2 S B M A7 £ =K S IMDAZK S
H—E.
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N 9 S AL R B T st 7 UL R SR AR P S SRR B 7 1

HEDRERY, WESRE. RABHE. MR, BAOBRSE, XUREANT L
ROSHRI5 B AEWSIE I A2 B AR LI P, RZ i) LR B s R,
WATR A AAIS ER R B, R IR Rl Bl 2R 55 o AL T SR R G 1 &
K. BRWR. MIRREZHEMBRE. HAETRE) EEEE . BLETE
WEAMINE R EYR, T LS BE AR B = A R S R AR ) LI B 1A,
AWFFREEREY, TREEAN BT R A R BEMA R LB IR LK E
B2, MHEESETRBIRTERNI R, RAERIXLE R TR b T 8RB 5Y
A ME RIS, Wi SERBNATEBRERRERIE R &, AR ER
T

FAL N BOT MEYE LT R S R IE T C R SR AR E 2P i) — ) R 4
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EXEIR
1. ICR Mt/ USRS P TESS 3-NPA (12.5mg/kg), #E4LE 7 R, T3] EEPEE LB
KA, NEFNELISIRERAMAT, KIIEASIMINEHL S ROS HIFAE.

2. B 4T IR AN RAN R RS ERIENE, ERE. BAEFE.
HEFMEMNE bR 4 AN TEERRIPRALA S ROS HIKF, REFEKE
EMEEARZABRTEMEENE, RURRSBEREN (EHE. REFR. O
R MAE DX I REMSEEBE RIFRRER.

3. EESMRRT, JLER VC HRETEREEH B R REMNBCRE T DR IE
PR MITET:, BWREE VC IRTEE RN RIFERENBE.

4. GRESEAUNBAT AT RN RZ AR T, mBERERIETE, BORFHEM
R A .

115



(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



A

Bl #h <z Ak
1. BEA ICR MEPENBARTHERSE T /M RUSPSALIIBAEY, it — B R AT I S
HAR BT UL DL R IF R B R S S I3 T 45Tk

2. RGMTIF T FALLEO 99 S5 R AL R TR SR R W, B35 BRI
AT SRS TSR, HSR. BRERNEES. FEAR AR KRR
W BT B R E RS, |

3. FIRN R SELIERHT, LR T 10 HORRISUELILHIX SRR R4 E A,
e T 4 Tt S BLAEHAR U L A  FR H FR BT B

4, BE—RIVEASER, BT ARTUEAMTIN TR H REA B BRI 7R,
APLEFH R R T LRI
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FRA—FPHAKNE

mEH—TIMRBAR

BEARENHAKIR, CHRSEA/ARANATERZGHUTIAFE:

1. BEEH . WESEEPEEAMELARARS (FEXNE. K. FHEHRRD
FETRAR) REMNEEW T ENERERFIRERN, PRt 5RiE.

2 TR H KX /N B R SR EAL SR e R AR P 1B R ISR L A T Rsh etk
P RREFN T -HFEENHAEZERNZW,; T OLTEUNEF YT
HEH—BHANNEANTREER.

3. XIARRFEMABATRMUA S, HE—BTRTIEAFIBBRE X IR HEPIE
BRI ER

4. FHFFA SRR AT RR N ARAE T LK, ERmAMER. Fin
S RAREAFRRELER, ERETE—PETERTA.
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M R
MR 1. EERAMEH

1.1 HTF. M2. CZB 1 mWM B E B 75 3%

HTF. M2. CZB fil mWM ¥R E 5

HTF M2 ¢z mWM
5 (mg/100mL) (mg/100mL) (ing/100mL) (mg/100mL)
NaCl 593.8 553.4 477 640
KClI 35 35.6 36 35.6
MgSO4TH,O 4.9 29.3 29 294
KH,PO, 5.4 16.2 16 16.2
60% Na-Lactate 340puL 320uL 443uL —
NaHCO; 210 210.52 211 190
Na-Pyruvate 3.7 3.6 3 2.5
CaCly-2H,O 76 25 25 —
EDTA-Na, — - 4 -
Taurine — — 87.5 -
Glucose 50 100 - 100
Ca-lactate - - - 46
Penicillin 7.5 6 75 7.5
Streptomycin 5 5 5 5
BSA 1000 400 300 300
Phenol red 0.1 0.1 0.1 0.1

&

1. CaClL-2H,0. MgSO047H,O B B JAD I iR A5 K «

2.8 (1) F1BSA S, HEFHRAERES W EERE.

3.8 (1D PHEWIBEHEA (2) #, #pHEAEVE 7.3: K5 0.22 um IBIHHTEIERE;
REFBESEN S mL HITEHEBN 4 CHRERE.

4. RWAEERRTINN BSA, HHTRER.

5. WRAEMA (1) FdEpr=t—SgEmsiyiiE, NWEEEFRCHER; WATEFHE (D
5 BSA FIRFIA.

121



/> B, B S AL R R AR 7 DA R B SRR P M BLE AL TR K T 8

1.2 KSOM ;& &Y EC &l /53

KSOM 1 KSOM-HEPES &i&Bc A

o KSOM KSOM-HEPES
(mg /100 mL) (mg /100 mL)
PVA 10 10
NaCl 555 555
KCl 18.6 18.6
CaCl;-2H,0 24.99 24.99
KH,PO, 4.76 4.76
MgSO4-7TH,0 5 5
Penicillin G 6 6
Phenol Red 0.2 0.2
Glucose 3.6 3.6
Na-Pyruvate 2.2 2.2
NaHCO; 126 126
HEPES - 238
60%Na-Lactate 185uL 185uL
EDTA 0.38 0.38

pasE

1. H5c¥ PVA 7E 80°C it 1T 7 /7 %% 1-2h.

2. WBATHBTIIANTTZIMA 50uL, 100mM A & B A& AN 15mg BSA/5SmL KSOM; 14§ H
KSOM-HEPES ¥, £ AT A FIRA BT ZBAZEI T,

3. {6 0.22 pm JERSATILIERRE, RFEHITHEIFBA 4 CUAEP R
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1.3 PVP B ARIBCHI 3%

KSOM #afifE BRI S
B5y mM mg/100mL
Glucose 0.2 3.6
Na-Pyruvate 0.2 22
NaHCO; 15 126
60% Na-Lactate 10 185uL.

E:

1. AR RSB MA 10pL AEBEERAER/ mL.

. WERRT IR P I 10uL CaCly2H,0 R AW /mL.

3. FHRTAEBE®ETMA 3 mg BSA/mL.

4. {1/ 0.22 ym ERIATEEAE, REITHEBN 4 CHAPF.

5. 12%PVP ¥ACH]: [ 10 mL KSOM S ARSI 1.2g PVP, REHRERK LIEITRE
HEAHEE. A 022 um IERHTHIERE, BESEBN 4CHMHTREH.

1.4 835 TAE/RRIECH!

N

1. ZLMEE (PMSG) BHMAEH]: W—3Z% T PMSG (1000 IU) ¥ A 10mL 0.9
%HIEFEEKT, FTEEBBEIETREKRELS EPEF, HA-20 CHKEAPLHF
o
2. AZBERREREE (HCG) HRMECH: ¥ —3X hCG £ (1000 IU)
WA 10mL0.9 % AEF K, FFELEMRESETREKEESE EP B9, BA-20
CHKFEF R

3. 0.1%ZEH BRI S: KERREE 0.1 g, ¥ 10 mL HEPES-M2 ¥¥+,
VRS IR AR 10 BRIV, RIGHITHSE, HMA-20 CHKAPIFE.
TAEWR: {7 HEPES- M2 0B IR 65 MR 10 /5.

4. 37%EEFBEEBME: ¥ 3.7 ¢ SRFPERBN 100mL PBS B+, KBH+
I#E 60 CEEAHITRANEE, RTEERPBRIEBN 4 CHKBPHATRE.

5. 0.5% Triton X-100 ¥F#WAIECH]: 4 0.5 mL ) Triton X-100 ¥ A %] 100 mL ] PBS
BRT, REERSEMIEBN 4 CHKFETHITRE.

6. DAPI W HIECH]: % 1mg DAPI ¥ T 1mL PBS ¥ AECR 1mg/mL IRAERE, 2
EFNHEEEN EP BH, BAT-20CKEFRE. HHMNMER PBS HBZE 3
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ug/mL, WA 4°CHEHRELT.
7. 0.1% DEPC /KFJECH: 3 ImL £ — 488 (DEPC) A Z] 999mL ddH20 7K+,
BHRY, BT 37CHEF IR, HEKHAE.

124



B %

ik 2: EESIMIRGTEHL. AR S AntRE 2

1. GAPDH By¥/ 18 phsk . AfZmhZfnfrEmh

Rn ys Cycle
12.683
10.683
5
8.683
4
c 5.683 ,
o y
3
.'{'1
4683 :
/’;
2683 4
’/
05623 o i 8
123456783 1011121314151617181920212223242526 2728293031 32333435 3637383940
Cycle Number
[ 1-1 GAPDH ¥ &%
Figl-1 The amplification curves of GAPDH gene
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Fig 1-2 The melting curves of GAPDH gene
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Standard Curve

28782
28.000

26.000

24.000

22.000

Ct

20.000

18.000

16.000

14.841
1.000 2.000 3.000 4.000 5.000 5.000

Log CO

& 1-3 GAPDH %R/ 4
Figl-3 The standard curves of GAPDH
GAPDH #r#fE i 5 F2E: Y=-3.17 X +33.97, R2=0.987

2. Bax BYH 18 L. iR R H e FNARE B2k

Rnvs Cycle
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Figl-4 The amplification curves of Bax gene
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Figl-5 The melting curves of Bax
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Fig 1-6 The standard curves of Bax
Bax FrifEZE T FE: Y =-3.23X + 32.77, R2=0.998
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Rn vs Cycle
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Figl-7 The amplification curves of Bcl-2gene
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Figl-8 The melting curves of Bcl-2 gene
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Fig1-9 The standard curves of Bcl-2
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Fig 1-10 The amplification curves of SOD2gene
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Figl-11 The melting curves of SOD2gene
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Figl-12 The standard curves of SOD2
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Dissociation Curve
0.450
0.400 /f‘
0.350 l \
0.300 { \
@ 0.250
il
=
=z 0.200 ¢
a / 1
0.150 i
\ [ 1
W /
e o] \
0.050 \
0.000
80 65 70 75 80 85 0 95
Temperature (C)
B 1-14 GPX iAfE ik
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Figl-15 The standard curves of GPX
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Figl1-16 The amplification curves of CAT gene
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1. Protective effect of proanthocyanidin against oxidative ovarian damage induced by

3-nitropropionic acid in mice (The first author, Genetics and Molecular Research )

2. 3-nitropropionic acid induces ovarian oxidative stress and impairs follicle in mouse

(FFER
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