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Protective effect of diallyl disulfide against the radiation damage in
germ cells of male mice
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[ Abstract]  Objective To study the radiation-protective effect of diallyl disulfide (DADS) in germ cells of male
mice. Methods Male mice were whole-body exposured to 4 Gy X-ray irradiation to establish a animal radiation damage
model. Testicular histology, sperm motility and sperm deformity rate were observed, protein carbonyl content,
malondialdehyde (MDA) and 8-hydroxy deoxyguanosine (8-OHdG) content were tested to assess the degrees of radiation
damages of sperm cells and protective effect of DADS. Testicular tissue antioxidant enzymes such as superoxide dismutase
(SOD), catalase (CAT) , glutathione peroxidase ( GSH-px) activity and glutathione ( GSH) content were examined. The
expression of Nrf2 signal protein was detected to explore the radiation-protective mechanism of DADS. Results Compared
with the pure exposure group, the testicular tissue damages in the DADS pretreatment group were milder, sperm motility
increased significantly (P < 0.05) and sperm deformity rate decreased (P < 0.05), and the protein carbonyl content,
MDA and 8-OHdG levels significantly reduced (P < 0.05). The antioxidant indexes of SOD, CAT, GSH-px and GSH
were markedly improved (P < 0.05), and the expression of Nrf2 was dramatically enhanced. Conclusions DADS has a
protective effect on acute radiation injury in germ cells of male mice by means of anti-oxidative ability.

[ Key words] diallyl disulfide; X-ray; mouse; spermatzoon; radioprotection

[

[

[&

B LU B | PR BIHTE 5285 H (20160403015 ) ; ZER B4 @ L B  AE RS H (Zqyql6 - 0010) 3 2 PREE 255

YEBER A1V (1981—) 3 YHI AL, BF90T7 1) T BE % . E-mail: xushuail0@ sohu. com
fS1EE B, B2, THTT I AR IE 2, E-mail: y2866011@ 163. com

FE



28 i AR BE 224 2018 4E 4 45 28 454 ] Chin J Comp Med, April 2018, Vol. 28. No. 4

BEE AL R B Tl R A% BE 7 1) K,
[P QAN NN LT PN L S T A TS - L]
SR A R 2 4G O, H A S X AL AR 3 i Y 5 b
P03 SO Hh DAE RS S0 ] A5 T A | e S B
FRGAR IR P T BRI Yo i B A A5
Pk A T B 48 5k B 4P I 90 A8 5 Ok Bl 2 R T
SO 32 SR AR LA | vl 8 e S 30 o %o £ 5 4
ES (S BN A e A P2 S8 s R e/ B P 1 R
B AR GURR S0 05 1Y 5 B RN L T A A AU g
R AR T3

ST BT B S A IR 32 A i 2R T R 24k
SE ) LAV ALK R SR 450405 S L O Ak 2 45 475 2 41
W25, 55 B 4 350 de i T NS Tl 4
ARENGL UK TAEE K o7 i A, R R
BE 2 ) HAT AR B 3 8CR  AH il T R VR Y
JE PRI OF AR T AR, FEBE ST U, 4 S5 B 47 550 AR
W T g oy O R 2 B R S G, A 4R
FEVEAR | 5 i AT B A2 0 5 AT 48 5 B 47 R0 1Y 25
YW AT 2 R OCHE

A HLY) TN B (DADS) J2 KR R
HH R — B T B, TR e U Tl ORI TR
BF RN CHy Sy, BHI K s, 40 F it
146. 28, ZWF58 & W], DADS X2 Co ot Ji 4% /) B
(1 JEF U 20 205U A S B 4 8 T R R A TR AR
Rl = B /NG (W A S Rl = TR 1| P e
DADS HI T4 5 b7 47 B A 7 220 i BRI, & B
TCHF7 B A TG SR S 5 B B AR 7 AR,
MZ s BRVSE 31, 2 28 485 100 -1 5t i | 1L - 52 5 s K
-5 B 25 A L e | 7 28] K 1 24 ) afe L )
BB LR PR A A HE AR 5 Xk T e R O R N Bl
MY L, DADS Xof ifRs B Gt ke soon 7, R
KT DADS Xof 52 LA 2% 5 S By 47 4508 E 5 H i
i AR UL SCHR A

Nrf2 {55 3 B 2 WL i b 2ok 72 b fe 32 1Y
B A AL B, Y HLAAL T 0 H oAb BRI, Nef2
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BEPC T SR — N RS B R 05 IR 9T A AR
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H(HH +0Gy) HD 4N 25940 (40 mg/kg DADS
+0 Gy) IR ZH W MRST2H (V5] +4 Gy) LD+ IR 4
AR BE 25 ) + PB4 (10 mg/kg DADS +4 Gy) |
MD + IR 41 Rk BE 254 + BG4 (20 mg/kg DADS
+4 Gy) HD + IR 41 b &k 259 + BG4 (40
mg/kg DADS +4 Gy) ., Wf#MiE: DADS 7554 46
A, FRGTET 1 b ERETESTAR2 . SR
H0.2 mL, % C 415 IR 45 53445 H 0.2 mL
MR, C 45 HD AU BT e ad A (3R
BT IR,



P AR A4 R 2018 4 4 A5 28 %5 4 ] Chin J Comp Med, April 2018, Vol. 28. No. 4 29

1.3.3 JEHEALWI

FRG IS 12 h, SUHERG F YRR 8/ N, B — i) 52
HU, B YR FAR IR H b [ 2 5 326 1 2 K 5 2 1y 5
LRI BB A HE 3]
1.3.4 KEFI% I T RHE R0

PG IS 12 h, SSUME R F 5 AR B8/ IN R, B HE LA
S T A PR K R BY AR BRSO, 35C IR R
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1.4 SHitEFHE

K SPSS 17. 0 A7 8 e it , 5% 5 Bt LA
PR £ ARifE2E (x x5) 2w, 25 4B R FH Y0 5 I
ZRI, LIP < 0.05 NESAH BENE,

2 GR

2.1 DADS xiER/NREHALARSFHZ N
AU B ARG /N El RS D 4 L 00 OKS B 20
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JEEE, 5 CHME, HD 4T AR, 1 40
mg/kg DADS & £ & /N A K /N4 1 Bz 41
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HATEASFZIIFEM (% 200)

Fig.1 Influence of DADS on the morphology of

testicular tissue in the irradiated mice

2.2 DADS H$ER/NRIBEFiE T8I

WE 2 iR, 5 C ML IR 40 Fis & T
F%(P< 0.05), LD +IR 15 TR 411k, K 736 1 %
FFH(P < 0.05),32H] DADS BEREAIT X SHZxt/NFURY
TG I W2, I L BE B 2 v B B s R T A
HD 415 C AIM L A FiE 2R X8 E P >
0.05), 40 mg/kg DADS & F & W /N BUKE F 1% )
TR,

100 4

FFIEN(%)
Sperm motility
N\ M3k

SN

C  HD IR LDHR MD+R HD+R
AbEEH
Treatment groups
H: 5 CAMLL, P < 0.05; 5 IR AL, P < 0.05,
B2 DADS X4 BN USRS 715 1 B S0

Note. Compared with the group C, “P < 0.05. Compared with
the IR group,*P < 0.05.

Fig.2 Influence of DADS on sperm motility in the

irradiated mice
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Tab. 1

Influence of DADS on sperm defect rate in the irradiated mice

415 DADS (mg/kg) TSI (Gy) K7 (A/2) mIERTE () W (% )
Groups Exposure dose Sperm count Malformed sperm Deformity rate
C 0 0 1000 27.5 2.8+0.4
HD 40 0 1000 25.9 2.6+0.3

IR 0 4 1000 362.9 26.3+3.1"
LD +1IR 10 4 1000 205.8 20.6 +1.9*
MD +IR 20 4 1000 183. 1 18.3 +2.0"
HD +IR 40 4 1000 181.5 18.2 +2.4%

.5 CHHIL, "P < 0.05;5 IR 4HAHIL,*P < 0.05,

Note. Compared with the group C, *P < 0.05. Compared with the IR group, *P < 0.05.

2.3 DADS xiER/NRIEFIREEN

mFE 1 PR, IR A5 C 4L, K FrE R g &
PEHEIN(P < 0.05), 5 IR A, LD + IR 408 1
W R P R (P < 0.05) ;MD + IR 415 HD +
IR HAHEOKS FRIE R 225 R EE(P > 0.05),
HD 45 C A [HE TWE R 225 L EW (P >
0.05) , %1 40 mg/kg DADS o 3 i/ B 7 W5 1
Z Tt
2.4 DADS MER/NNREAEARPELR.ERE
AR LR N A )

WmE 3 s, IR 15 C 4, EARRIL S &
BEMHEIN(P < 0.05), 5 IR ML, LD +IR 4
BEATRE S EEEE T (P < 0.05);MD + IR
205 HD + IR ZAH U8 1 B 565 2 22 57 Jo b 5 1k
(P> 0.05), HD 45 C 4122 [A1 5 ik 3k 7 i 2%
SIREM(P> 0.05),%P] 40 mg/kg DADS AKif
BN LA MDA 5 S,

WK 4 i, IR 45 C 41, MDA & & B 1
BIN(P< 0.05), 5 IR AL, LD + IR 41 MDA %
HREMETH(P< 0.05);MD +IR 415 HD + IR 4
FHEE MDA SR TR EM(P> 0.05), HD 45
C4lZ[H] MDA FiZER TR EM(P > 0.05), %W
40 mg/kg DADS K B/ LS8 LA 4L MDA % &
Tt

WE s s, IR 415 C 41 ,8-0HdG & & 3%
HHEIN(P < 0.05), 5 IR 444, LD + IR 4 8-
OHAG S HBEME T (P < 0.05);MD +IR 415
HD + TR 44t 8-OHdG 2 F LR EME (P >
0.05), HD 5 C 4z [A] 8-OHdG 7 & 2= 5 Jc ik
FHE(P > 0.05) , 7 40 mg/kg DADS A1 it/ il
SALH L 8-0HAG & FTF,

2.5 DADS ER/MNREHALATRENLEM
=AU

WmFE2 N, 5 C 4, IR 4H SOD ,CAT ,GSH-

Protein carbonyl content

FEARBRESEmymL)

Treatment groups

.5 CHMIE, P < 0.05; 5 IR 4, *P < 0.05,

B3 DADS %45 I8/ B2 AL 21
RS R AN

Note. Compared with the C group, P < 0.05. Compared with the IR
group,*P < 0.05.

Fig.3

Influence of DADS on the contents of protein

carbonyl group in the irradiated mice

B4 & (umol/mg prot)
MDA activity

W=

Treatment groups

TE: 5 CHIMLE, *P < 0.05;5 IR 414HLIL,*P < 0.05,
B4 DADS X4 I/NRLSE A4S MDA Y52
Note. Compared with the in group C, *P < 0.05. Compared with the IR
group,*P < 0.05.
Fig.4 Influence of DADS on the MDA content in the testicular

tissues of the irradiated mice
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Fig.5 Influence of DADS on the 8-OHdG content in testicular

tissues of the irradiated mice

Px }¢ GSH 55 & Fh P A AL 48 br 3 o E MERRAR (P <
0.05), 5 IR 4AE,LD +IR 2H SOD ,CAT ,GSH-Px
K GSH % 45 PPy AL Fe b 3948 B F T (P <
0.05), MD +IR 415 HD + IR 4040 4 Fh i A AL
Febr R LB FENE(P> 0.05), HD 445 C 4z 1A
B YA IR bR 2ZE R B ETE(P > 0.05) , M 40
mg/kg DADS A /)N L 52 JLA 2L Rl A Ak 48 45
TR,

2.6 DADS XiER/NREHALA S Nrf2 [FSEK
EpA!

LR 3Z B S0 05 R, Nef2 {5538 [ mT
Pl , DA L 2 X 4RI B B AR A . niE 6 s,
5 C A, HD 4P Nef2 B KA T BT, TR
IR A Nef2 SRR KRB BT, 5 IR 4
L, HD + IR 41 Nef2 25 A R A 7K F38 ., e
DADS 7] LU i HE B R 5T 5 Nef2 B FU7KSE g n

C HD IR

...

B 6 DADS X4/ AL
AP Nef2 25 ARIB
Fig.6 Influence of DADS on the expression of

HD +IR

Nif2 in the testicular tissues of irradiated mice
.
3 itig

P 2 ST T et ol A 0 R ) R R S
T EA, H B R N 2 — 2 B A T LK
AR L, BRI M, BFSE R
RS AT A5 0 il 52 R R, 2T T AR R Al M T A
it Sk R S S AR K AR 2 A 1 RS R B, R
FEMMHTEAS T W 1 220 i e S R A e A Y
WFWRIE R0 EF AT ok - M &R 4EA R A 4
% E EPUEALRIIRRAL . B4 okt £ i i
FEENE B G e R AR DU E AL A 7 £ 1, DADS
YE R o ar PR U RR VS PR AL A4, B IE S mT {2 if
N S NN S N N - R R N SR
=17 {H DADS 7 58 5 B KT A A T T AL
HIWFFE I H AT EE

ARWFSE RN X G2 4 Gy FREF/INBUAT 3 il
PIAENE /NG b B 40 B 25 6 K 15 1 T B, TR] )
TE Al i T, ARV LY DADS Ab3UINR
HB AT TE— 5 T2 BE G2l i 5 5 | S 1 3k — 2 bR 43, )
AF s — o7 47V FH 2 vl B AR P X 3% ) Ry
TESRAGR I | 55 510 DADS Balisb 3/, H
K06 1 R IR SR A LU AE B 4O 3 BB 25,
7668 S 0T LB S %) R A1 S8 L 2 ok - 0 ), 34

Fz 2 DADS R/ 2 I EAL RS E RS (2 + s,n =8)

Tab.2 Influence of DADS on the activity of testicular antioxidant enzymes in the irradiated mice

Cﬂiilis SOD (U/mg prot) CAT (U/mg prot) GSH-Px (U/mg prot) GSH( g/ mg prot)
C 5.33 +0.37 4.17 £0.43 2.94 +0. 46 0.69 +0. 05
HD 5.50 +0.33 4.30 +0. 49 2.65 =0.36 0.72 +0. 06
IR 2.66 £0.42” 2.08 +0.34” 1.15+0.32% 0.35+0.03*

LD +1R 3.52 £0.29* 2.99 +0.31* 1.57 £0.24* 0.43 0. 04*

MD +IR 3.60 +0.27* 3.34 +0.58"* 1.76 +0. 35" 0.52 +0.03*

HD +1R 3.81 +0.80* 3.60 0. 46* 1. 83 +0.30* 0.54 +0.03*

.5 CHMI, P < 0.05; 5 IR AL, *P < 0.05,

Note. Compared with the group C, *P < 0.05. Compared with the IR group,*P < 0.05.
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