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Abstract; Cypermethrin (CP) is a widely used pyrethroid pesticide, and as a potential environmental pollutant and
endocrine disruptor, its perinatal exposure may have certain toxic effects on offsprings. To clarify the effects of py-
rethroid exposure under environmental doses during pregnancy and lactation on puberty onset in offspring male
mice, ICR mice were exposed to 0,6.7,20 and 60 pg-kg ' -d™' CP from gestation day 6 to postnatal day (PND) 21
to observe the puberty onset in male mice. The expressions of GnRH, KISS-1, CGa, LHB, FSHB, StAR and
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CYPI1AI in hypothalamus, pituitary and testis of PND22 offspring mice, as well as the levels of GnRH, follicle
stimulating hormone (FSH), luteinizing hormone (LH) and testosterone in serum were detected. Malondialdehyde
(MDA), total glutathione (GSH), NO concentrations and total superoxide dismutase (SOD) activities in hypothala-
mus and testis of PND21 ICR mice were detected after exposure to 0, 6.7, 20 and 60 pg-L™" CP in vitro. The re-
sults showed that, compared with the control groups, the age of puberty onset reduced in offspring male mice ex-
posed to 60 wg-kg™ -d”' CP (P<0.01).20 ~60 wg-kg™' -d™' CP significantly induced the concentrations of GnRH,
LH and testosterone (P<0.05). 6.7 ~60 pg-L™" CP in vitro exposure for 24 h produced oxidative damage to hypo-
thalamus and testis. CP exposure under environmental doses during pregnancy and lactation led to the reduction of
time to puberty onset and overall upregulation of hypothalamus-pituitary-testis axis (HPTA) related hormone secre-

tion and gene expression levels in offspring male mice. The results of this study provide a scientific and theoretical

basis for accurate and comprehensive assessment of the environmental safety and health risks of pyrethrins.

Keywords: cypermethrin; hypothalamus-pituitary-testis axis; reproductive toxicity; pubertal onset

B3 % TR 2 4% 24 (pyrethroid insecticides,
PYRs)J&— KB KA R 235 = i N T4 i 2% 1
A, FEHTARAEY B9 F dUBI6 F1E N B R 4 AR
& B, 4 E Y R e R OR AR T b 0 EE
frE", BT, K PYRs R KR ZRIHEEY
rht i 5 B TE T ERK AR a4 2R P, PYRs
AR B I B R fioh 4 i A i AR
Hovik B 2 e 2B 7 AP S 4 R (cyper-
methrin, CP) & ¥ 5% HP G H SR e @ Y PYRs 2 —F
—IOC TV AR 25 5% B8 1% L B9 s | 3 ok %
17 Figi SR B A 245 5% B A I, A A% H B CP 2900
6.7 wg-kg ', B M ARG I, PYRs 78 5% K
A7 i 5 R R H ™ R R i A7 2
PYRs [} 2& 5% , XF Az 25 PR 52 AN 2 {5l it i)™ ¥ 1
e ARG ™ b2 a0 P A T T T
FEAERR RS 32 3] )2 e

Kig NGNS 1) 52 55 35 il 7R PYRs 2352
HEPERAEFE DI RE, B T S AR R
BH PYRs 1 & N 43 W T 4 ¥ (endocrine disrupting
chemicals, EDCs)E. A7 28 M ¥ 52 2500 F1 40 b 0 3R 2%
I AR T B - AR iR Bl (hypothalamus-pitui-
tary-gonadal axis, HPG %), S EUR N RS KA,
A4 A 1 B ¥ %= B T 2 (gonadotropin releasing
hormone, GnRH) ., # {& 4= /i & (luteinizing hormone,
LH) 5P 73 31 3 Z (follicle stimulating hormone, FSH)
FPE RS B 2R (AN 52 W)™ Aok, REC R R
TIN5 5 Y oxd 1A 5 T 32 0 5 | ke A, B
TE O LI B R A fih CP T 7 L 0 e A/ R A 5
PN 43I B S AR Y TR ) CP R i s B
AT 1 BRI % B DA B S BOKS + 32 00 38 A 5=

w L RATZATABETE Wos [ P KGR & CP 28R
A MENE A/ BT B B AT, B AR SCIR Y
GrAU AH R OC T B RGR B CP X AU
/NRE BRI O AR+ BE = [l A BF
FERY R i T AR H o B i K, 7ok, 2
IHFLIT PYRs 2 88 &% F1ARHEM: AR 58 2 4 i il 4t
P, A AL B W T BE 2 PYRs 7 AE A Sl FE M 110
HEALHZ " I BUR A AR I 5 05 BR Y
R i A8 A e BEBRURR, WF ST R B CP T
B /)N BUIKG 2H 21 75 ¥ (malondialdehyde, MDA) %
e BIE A DT I A L SR AR TR W AL
(superoxide dismutase, SOD) . i} % b &0 il 1 14 A1 &L
PUASLRE S T, R PYRs 1] 51 i 41 2L Jig 5
R MTF R AR

BT ARSI A /N B2 W A L 6.7
20 F160 pg-kg™'-d™' CP Z 7, M F1 ACHEM: /MR
HAEWESh H e IFE— BRI TN k-
T {452 FL % (hypothalamus-pituitary-testis axis, HPT
BIARSCEED S IKF-Rs2 R , LSRR BE CP X R
Fr AN S2ALAME A 4 AR, LA i — 2P IR R
PYRs AU E A REVESR BERL A AR I A LA,

1 ## 57 % (Materials and methods)
1.1 EZEUAREIRFH
Epoch 2§ £L #z 43 0% O B 31 (36 [ Bio-Tek);
NanoDrop One i it 2553 EE 11 (32 18l Thermo
Fisher); 7500 5B 2% % & & PCR 4 (3£ [E Thermo
Fisher) ;2720 A4 344X (35 [E Applied Biosystems).,
AR (LI =99% ), K AN T b [
[ VBATRE T AR AR I A BR 2 F 5 /N BRUE B i 2R
it EX B2 43 BT 5 /DN BB R A 3 Rl IR 928
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Briam) G /I BUAE 1 R U838 R TR 3R IR 92 53 B
TR L/ el S R K 9 2 A iR & 0 v BT
IR S A PR B RNA P U 57 & T
[ 2SR R B 7] 5 BeyoRT™ 11 ¢cDNA
& WA £ (with gDNA Eraser) , Western &2 1P il fifd
LI — A AR 1R & B D A I X5
&S SOD i PEA I LR & (WST-8 7£) R i A fk
(MDA R G T b [ 8 m RAE Y RS
PR\ ] ; PowerUp™ SYBR™ Green Master Mix Il F*
& [E Thermo Fisher; GAPDH . GnRH ' #4 f1 fi| [H -+
(kisspeptins-1, KISS-1)JEH fEPERRINER o W5 (cho-
rionic gonadotropin o subunit, CGa)3EK | LHB . FSH .
R [E L 2R A B 2 8 99 8 M (steroidogenic acute
regulatory protein, StAR)%EH 4l jfg {6 2 P450 (cyto-
chrome p450 family 11 subfamily a polypeptide 1,
CYPIIADZENG1Y), D-# % b, H 2RI T b [ 4=
A AR (B ) B A BR AN W — H R
(DMSO)YI T vh [ ik AL 7K B2 5y (L) A R 2 7 5
MEM §% 3% 5069 T HyClone ; DMEM/F12 5% 3% 500 T
Gibeo ; F & 2 -5 5 R I 10U T Biosharp ; L-HT 4 1Ml
2 F Sigma-Aldrich,,
1.2 SRR sh¥) M gessIrik

VAW IR AR E R RS i e 56 3h )
ZEFB A HEIES : SCXK (97)2018-0006) ) fk
A ICR /D UMENE 8 L MM 16 K, Zh¥ bRl =S
JEAN S HE X B R X IR EE Q23 +1) C IR E
40% ~70% GIEFEIN 12 h, /NG A oK RIS £,
PRUERTRL IR LR AR I B 2l W) i S ARy 145 3 T
WL BE 25 = Sy P Al T2 5L 2s e e

24 JUICR /N BEPERE IR — J e, DL — ik e
BRETR ., B NEBENL T 4 H NI R (ges-
tational day, GD)%f 6 K £ )5 (postnatal day, PND)
5521 KK A 08:00—11:00 3252 1 78 B Ko
FHE R 6.7.20 160 wg kg -d CP HEH 25,
6.7 pg kg™ -d” WV BN K R CP
HA%ARL,20 pg-kg™' -d ™'y WHO HEFE 4 H fLiF st
A, 60 pg kg™ - d™ 2 3 E B R 57 R (United
States Environmental Protection Agency, US EPA)#f
WM S % R, A AN RN R T
PND22 #FfitlL 53 2 41, —41 >4 H R s A1 T B
i A S2ALZH U0 T IR AL I i 5
— AR 2 08:00—11:00 JF I W52 4 Jiz & 15 43
B, DL /N 3 F R 3 B g

1.3 TACHEPE/NEL HPT ilkH 56 30 A6

XF PND22 FAREME /N BREA TR 3SR R ., il A4
F 4 CUKFFAAE 30 min JFHGH L3 000 remin™ &
> 10 min, B VE A B ME . AR P50 & i B
17 GnRH FSH LH FlIS2 R 00 5E
1.4 FACHENE/N B HPT Sk 56 5L R A

FRAE RNA e 12 U 551 & i B 5 40 501 41 B
PND22 TR M /N BT B il | 30 4 Fn 52 0L 21 21 4
RNA, FHME G 2040 nT L4356 56 B e Ho ik i
4 PEATIAE |, RAE H: OD,,, /0D, 7E 1.90 ~2.2 2
], W AR T 30 ng-wL ™', FAR I & 54
cDNA , 47520} % 5 PCR(RT-PCR)Z Jii , RT-PCR
A ZA41$E 2 wL cDNA,10 wL SYBRG Master Mix,
R ETRWSI4 0.5 pLOKJE R 10 pmol-L™"),7
pL ddH,0, Sk LA TAY TREARRS A
FRAF A i, RT-PCR 51975 L3& 1, H 7500
RT-PCR RGN , A4~ 3 R A AR X 5 d ] 2724 3
BARH] I NN GAPDH AT HRifELL

%®1 RT-PCR3|#
Table 1 RT-PCR primers

GIE/ BN

Primer name

BEEFHIG ~37)

Primer sequence (5’ ~37)

Forward: CATCACTGCCACCCAGAAGACT

GAPDH
Reverse: GACACATTGGGGGTAGGAACAC
Forward: AATGCTGTCTACCAGATGTTCC
CYPIIAI
Reverse: TCGCTTCTGCCTTAAGTCC
GnRH Forward: TGATCCTCAAACTGATGG
" Reverse: GTACATTCGAAGTGCTGG
KISS- 1 Forward: CTGGTGCAGCGGGAGAAG
Reverse: GCGCAGGCCGAAGGA
CGn Forward: TCTGGTCATGCTGTCCATGT
Reverse: GATATGCCCTGGAGAAGCAA
LHB Forward: ATCACCTTCACCACCAGCAT
Reverse: GACCCCCACAGTCAGAGCTA
FSHB Forward: GAAGAGTGCCGTTTCTGCAT
Reverse: GTGCTGTCGCTGTCACACTT
SIAR Forward: AGAGGTGGCTATGCAGAAGG

Reverse: TCTGCAGGACCTTGATCTCC

1.5t /NEUT Fo i RS2 AUZE SR A N TS BR 1
oIl

PND21 ICR A4 /) U 250 40 FE J5 BT Fr i il
LIHL FEHL 3 IRZH 0.1% (V 2 V)DMSO #i1 3
A CP A (MREH 6.7 .20 A1 60 pg-L7), 4r 52 E T
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120 WL SHEE W CP B FRM (3 )", M
F 5% CO, B H 24 h Jo WAL FESL AT
BT =80 CUkFIRAFAr . AR5 & 5
Western . 1P 2t fitd 2 i W S g L 4URE o, F5-0E4 T NO
S A H B (glutathione, GSH) % & . SOD i i
PRI MDA & 24650
1.6 SE4nshiy e si Tk

K HH SPSS 22.0 #AEXT £ A B AT gt 12 o
Bro SEEEE IR LI S (8 + 45 HE D2 (mean £ SEM) K71
CP Rz 20 5 X MAH Z [A] 1) 25 5% SR 3R 0 25 43
Hr(One-Way ANOVA), 4 P<0.05(KH H* £/R). P
<0.01(F s F* * FR)  P<0.001 (& H Fi* * * F o) it
2R BAAGIEE L,

2 455 (Results)
2.1 RIS CP 2 &0 ACHE /N R B A
3l H % 152 1)

B B: BRI AN LI 2R 58 T 6.7 .20 F1 60 pg-

kg™ -d™ CP, LAZEFH % A1 5% 73 & (preputial separa-
tion, PPS)/E 0 & F WG shbr i, WA F1 ACHEE /)
REEWG 2B, i85 H PPS% , SLigh
w1 R, AT/ R BE 8 F H
WA — R R, S IR M, 60 pg kg™ -
dHEEMA Y H B TREZ 1.7 d(P<0.01),
76 PND28 I 60 wg-kg™' - d™" 2 Fr A7 T 40 HE M /DN B
YIE A B, i B4 PPS% H AT 50% ., A4k,
Xt LA 20 pg-kg™ -d' F1 60 wg-kg™ -d" 4
(1) PPS H &A1 35 T, X A9 F & DT 6
YIHIRS 6.7 pg-kg™ -d ' 422508 d, 520 pg-
kg -dHREY HIRAHZE 04 d 24, XA 2RI
AU FL 60 pg-kg™' -d”' CP & EHS TCHENE
/N B G S EHT
2.2 IEEHIE CP B X UM/ HPT i
Al

FBE R AN L 2R R T 6.7 .20 Fl1 60 pg-
kg™ -d”' CP,R4E PND22 TAUMEME/N LR o fig 2

®2 BEFRERAFHEL

Table 2 The mediums and reagent formula

ZHE g dk RFIAL
Tissue Medium Reagent ratio
MEM 25 mmol-L™" D-7%j## .1 mmol-L™! MgCl, .
T B B 1 5 (MEM) 10 mmol-L™ " H& /R 1% (V: VEERMEZRR
Hypothalamus Minimum essential media (MEM) MEM, 25 mmol-L™" D-glucose, 1 mmol-L™' MgCl,,
10 mmol-L™! glycine, 1% (V : V) penicillin-streptomycin solution
@y K K Eagle 1555 3/F12 5537 35 (DMEM/F12) DMEM/F12 284 mmol- L™ HTIRIEE 1% (V : VWE R X -HERH R AR
;:Sﬁs Dulbecco’s modified Eagle medium/ DMEM/F12, 284 mmol-L! L-ascorbic acid,
nutrient mixture F-12 (DMEM/F12) 1% (V= V) penicillin-streptomycin solution
40r (a) 100~ (b)
= s -0 pgkg'-d
23 4 £ S0F w67 pgkgtd
oy 4 ~ o 2
3 = T oy SE ool +20ngketd
®E o0k % E =60 pg-kg'-d!
I .8 R 5 40
= 2 ®e
S 10k g g
e g 2 20
o
B 0 0 67 20 60 & 0 & i 1 ] 1 ]
’ 22 23 24 25 26 27 28 29 30
CPREF &/ (ng-kg'-d™") H AR S ) /d
CP dose/(png-kg™'-d™") Postnatal day/d
1 ZEAEFHPRENESEHEE(CP) REN FREM/ NRFEHRINBR (a) MERSEE(b) WEIT

. ** FR P<001,

Fig. 1

Effects of exposure to cypermethrin (CP) under environmental doses during pregnancy and

lactation on puberty onset age (a) and preputial separation rate (b) in offspring male mice

Note: * * represents P<0.01.
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ARFISE JUZH SR T I 20 20 R A O 35 TR A 2 38
KA HAH DGR ) B, SR a5 A&l 2 ~ 4
fiiR, 16 F Wb, 5t A AT L, CP 4 AR ME
/NS T GnRH 7% 5 = (B 2(a)), HH1 20 pg -
kg™ -d7HA B3 F(P<0.05), GnRH 333k /K V-
F CP 587 & 1 38 i ¥4 . 3 7+ 85 (P<0.001), H. &2
TR K R (E 2(b)), 11T KISS-1 23k /K-Bf
# CP ZREE5 & A3 2 30T B (& 2(c)), S Xt
MEZH A HE, 20 pg-kg™ -d™ A1 60 pg-kg™' -d' 4H

20~

15+ T
20F

10}

/(mIU-mL")

10+
sk 0

GnRH/GAPDH

GnRH¥E/(mIU-mL™")
GnRH concentration

KISS- 1 323k K -l ZR#AIK(P<0.05)

TEFER P CP %S UMM/ N B LH # FSH 43
WTHE (K 3 (a) ~ (b)), ST REAAH L, 60 wg- kg™ -
d™" 2 LH /K 8 7HE (P<0.05), 6.7 ug-kg™' -d”
CP )i E 2 R(P<0.01 5% P<0.001)/2 1 AR i I #
{7 HEER(LHB . FSHB Fl CGa) #2235 7K (| 3 (¢) ~
(€)),20 pg-kg™ -d"' F160 pg kg™ -d”" CP BEFEAT,
FSHB ik /KF .3 | T+ (P<0.01 B P<0.001), ifif
CGa Fik /K- 2 T (P<0.05),

. 30r
(@) T (b) T

et
e

0

0 6.7 20 60 0 6.7 20 60

CPEFE At/ (ngkg-d™)

CPAFE &/ (ng kg '-d™)

CP dose/(ng-kg™'-d™") CP dose/(pg-kg™'-d™)

& 2

KISS-1/GAPDH

2.0
1.5F ""
1.0
0.5F

0.0

[ (©)

0 6.7 20 60

CPEFE it/ (ug-kg-d™)
CP dose/(pngkg™'-d™)

ZEAFEZL SRR E CP REX FREME/NR T LN R20m

1% FRIR P<0.05,* * * IR P<0.001 ; GaRH F/R FEMERHR MR FE R | KISS- 1 R F A4 Mt FE A
Fig. 2 Effects of CP exposure under environmental dose during pregnancy and lactation on hypothalamus of offspring male mice

Note: * represents P<0.05, * * * represents P<0.001; GnRH stands for gonadotropin releasing hormone gene, KISS-1 stands for kisspeptins-1 gene.

4 g T 2§
ESoISE T 4 1 EE~15F + o+~ T =
2:4 223
E S5 iof E 8% 1of
= a2 = c D
B3 E B 57
¥z <ost iéé =< st
e e
00 1 1 1 1 = 0 1 1 1 1
’ 0 6.7 20 60 0 6.7 20 60
CPEFEF &/ (ng-kg'-d™") CPEFEF &/ (ng-kg'-d™")
CP dose/(png-kg™'-d™) CP dose/(pg-kg™'-d™")
8 (d) @
=7 L. S of [
N
Y T
< 4t R T
&} <
S s L
I * ) . B
([2 2r o © -~ T
1 1 0

1 1
0 6.7 20 60
CPEFE At/ (ngkg-d™)
CP dose/(ug-kg™'-d™")

| BN BN BN WU
0 6.7 20 60

CPEFERH/(ng-kg'-d™")

CP dose/(ng-kg™'-d™")

2-0_((:) *_’,‘."
= L5k
N F
S 10f
~
5}
< 0.5F
1 1 1
0.0=5—67 20

CPREF &/ (ng-kg'-d™")
CP dose/(png-kg™'-d™")

B3 ZHAFMHILEAARERE CP EEX FREEM/NRERNEIT
% FR P<0.05,* * FR P<0.01,* * * 7R P<0.001 ; LH s K4 i 2 5K | FSH 2671 GP g 25 5L 1A

CGa FTR NFEH B NRIH R o TWHEEEN

Fig. 3  Effects of CP exposure under environmental doses during pregnancy and lactation on pituitary of offspring male mice

Note: * represents P<0.05, * * represents P<0.01, * * * represents P<0.001; LH stands for luteinizing hormone gene,

FSH stands for follicle stimulating hormone gene, and CGa stands for chorionic gonadotropin « gene.
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RS, SXT A ,60 pg-kg™ -d”' CP
3 SR CYPIIAT 33K (P<0.05 & P<
0.01)(I 4(a)Fil 4(c)), CP Bk LT StAR Fik (K
4(b)), HH1 20 wg-kg™' -d™' CP 425 SIAR ik, HA
25 7 (P<0.05),

2.3 fRMREE CP X/INREEAL T B2 2L AR i
IRV Y5 )

¥ PND21 ICR /NREEIL T Fe oM R 7 8% T
6.7 .20 f160 pg-L™" CP 24 h MKHKEE CP A Hh g At
] /N FREEIL T B 1 20 24840 N K T i R
M AnE 5 ~ 6 frs, 7652 JUAME R 5 %) fE4T A
b, 7£20 ~60 pg-L™' CP Z % T GSH & i i %
f(P<0.01 5% P<0.001),CP 20 GSH 7 F [ 52 7 &
RN 5 2 (18] 5(a)); i SOD JK 4 #il MDA & &8 75 6.7
pg L' F160 wg-L™' CP 2 T 3% T (P<0.05 1§
P<0.01)(E 5(b) ~(c)); CP 41 NO & &1 B E T (P

[N
D
1
~
)
=
N

<0.001)(I&l 5(d)), 7EF FlksMER b 55 41 A
L, CP 41 GSH & 34 1t Z F# K (P<0.001) (& 6(a));
& SOD THPETE 60 pg- L™ i 8 FFEAIR(P<0.05)(1&] 6
(b)); MDA & #7E 6.7 ~20 pg-L™' CP #5E F AL,
£ 60 wg- L' I FHE(P<0.05 B P<0.001)(1& 6(c)), ifii
NO & H A 6(d)). XU PR (FF
HE 60 pg-L™)CP RETE R S I ] 175 G/ RS2 L
KRR UL A

3 112 ( Discussion)

EDCs &5 #2235k iz @ my I, Jf H A
TS B AR 2 R G0 R J5 R R B B el g
HAWAEMBERNE", FHEMENILEERKKE
[ CEERT ] EDCs X H= A= B 70 pg 52, P8
SEH N A E R T A A LD R B T
IEF I CP a7 UM /N Btk A 75 5 00 0 B

2.0r

& () ©
s . =
- £ 20F T e "
.E §f\ - T E 4k T 8 L5F .
@ s L 15F < R
=S E 3 S o T o
22w or N T < -
g £< I r L & 05k
g:g 5k %) T S .
%% 0 1 L 1 L 0 0.0 1 1 1 1
&= 0 6.7 20 60 0 6.7 20 60 ’ 0 6.7 20 60

CPEFE it/ (ug-kg-d™)
CP dose/(pngkg™'-d™)

CP#F it/ (ug-kg-d™)
CP dose/(pg-kg™'-d™)

CPZEE &/ (ng-kg™'-d™)
CP dose/(ug-kg™'-d™")
B4 ZHMEIRSEFE CP REXTFREME/NREAKHI
% IR P<0.05,** FIR P<0.01 ; SIAR FR KBRS MBS MEM T E A MM, CYPIIAL Fn il 0 R P450 JEIN
Fig. 4 The effects of CP exposure under environmental doses during pregnancy and lactation on testis of offspring male mice
Note: * represents P<0.05, * * represents P<0.01; StAR stands for steroidogenic acute regulatory protein gene,

and CYPI1AI stands for cytochrome P450 family 11 subfamily A polypeptide 1 gene.

Af 20—(3) 50'(b) . :\% 20'(c) N . T_‘ 15r (d)
=3 o e T kil fud 5
' jii] < L __ = £ -3
= 55t 224 . TS5 - - 5 g
= 5.2 g g < = 10 =
£ 5 - * =35 30fF 3.8 = iy
=g = o8 =5 g g
=g I0F w  Ba w E 10 cx-
2= 1 00 20f & 5§ B 8
X8 n N =9 > g 5T g
T 2 5¢ B3 10k é g 5 X3 -
&3 - =2 25
E) 0 1 1 1 1 & 0 1 1 1 1 é 0 1 1 1 1 5 0 1 1 1 1
&) 0 67 20 60 0 67 20 60 = 0 67 20 60 Z 0 67 20 60

CPRIEHZ /(ug L)
CP concentration/(pg-L™")

CPE R/ (g L)
CP concentration/(pg-L™")

CPRFFUE (ng' L")
CP concentration/(ug-L™")
E5 CP£%&E24 h FiftE/MREAIIMEGENEZHIEREN LR
1% FIR P<0.05,* * TR P<0.01,* ** FIR P<0.001; GSH KR AW H ik, SOD FK7m i S AL Wy ALl , MDA 759 1 ,NO F/m—% LA,

Fig. 5 Results of oxidative stress indexes in testis explants of male mice exposed to CP for 24 h

CPZRFE S /(ng L)
CP concentration/(pg-L™")

Note: * represents P<0.05, * * represents P<0.01, * * * represents P<0.001; GSH stands for glutathione,
SOD stands for superoxide dismutase, MDA stands for malondialdehyde, and NO stands for nitric oxide.
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