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Abstract: Objective: The protective effects of hydroxytyrosol from Phyllanthus emblica Linn leaves (PHT) on CS,-induced

testicular injury in mice were studied. Methods: The experimental mice were randomly divided into control group (distilled
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water), CS, exposure group (50 mg/m®) and PHT intervention groups (450, 150 and 50 mg/kg). The exposure group and
intervention group were exposed to static inhalation for 2 hours a day, 5 days a week for 4 weeks. The intervention group
received PHT intragastric intervention every day. The exposure group and the control group were perfused with distilled
water. After 4 weeks, the testicular organ coefficient, sperm quality, superoxide dismutase (SOD), glutathione peroxidase
(GSH-Px) activity and malondialdehyde (MDA) content in testicular homogenate were tested, and the pathological sections
of testis were observed. Western blot was used to detect the expression of apoptosis-related factors in testis. Results: After
the intervention, the testicular organ coefficients of mice in the medium and high-dose PHT groups were higher than those
in the CS, group (P<0.01). There was no statistical difference between high-dose PHT group and control group (P>0.05);
The sperm count and sperm motility in each PHT dose group were higher than those in the CS, group (P<0.01), but lower
than those in the control group (P<0.01). The sperm deformity rate of each PHT dose group was lower than that of CS,
group (P<0.01), and there was no significant difference between high-dose PHT group and control group (P>0.05). The
pathological sections of testis showed that the morphology of testis in each PHT dose group was improved compared with
CS, group. No significant difference was observed under microscope between the high-dose PHT group and the control
group; The expression of oxidative stress and apoptosis related factor protein showed that MDA content in testis of each
PHT dose group was lower than that of CS, group (P<0.01), and there was no significant difference between high-dose
PHT group and control group (P>0.05); The activity of SOD and GSH-Px in testis tissue of each PHT dose group was
higher than that of CS, group (P<0.05), but lower than that of control group (P<0.01); The expression of Bax and Caspase-
3 in testis tissue of each PHT dose group was lower than that of CS, group, the expression of Bcl-2 was increased (P<0.01),
and there was difference between each PHT dose group and control group (P<0.05). Conclusion: CS, can induce oxidative
damage of testis in mice, and PHT can antagonize the testicular tissue damage induced by CS,. The mechanism may be
related to the strong antioxidant activity of PHT, which maintains the activity of some antioxidant enzymes, alleviates the
oxidative damage and reduces the formation of apoptotic factors.
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IR R, LA 1:15 g/mL B9 BB 0.1 mol/L
FY NaOH AW, 7£ 80 °C T, $#2£HX 60 min, 3575 PHT
MY . BRI DA-201 KFLAAE, R
W 6F 58 BEF 925 X PHT A EZ AT 40 2 4l 4k, 15 51
PHT 2tk (ILJ5@7FR PHT) o
K B HPLC #hFRiEIN%E PHT B9 & B, SL06 4%
fF: CEFE N C g #E(250 mmx4.6 mm, 5 um), A1
25 C, LA (0.2% K12 )-7K (10:90, V/V) iy
mshAH, BAEESCA 5 ul, i 0.8 mL/min, 54K
KR KR 280 nm. % HPLC A&, PHT R 0445
BURHK 0.72%, glifb)5, PHT 258 79.31%.
1.2.2 shiordd M52 B i i@ R IR 4 7N B
FARERENLT N 5 A, GFEXT IR . CS, JLBE4 M
PHT =;(450 mg/kg) . H1(150 mg/kg) . k(50 mg/kg)
TRl (2R 2550 AR PR PR R 4l R TS g s )
ZH 8 Ho B A i rh B B 24k S5 19 PHT LA
ZENRIK Y IE I 4.5, 1.5, 0.5 mg/mL 3 Fhk &)
RAE R AR T . E T RTRR/ DS
BUAER, B H/NERIRE B 4558 10 mL/kg, PHT T
WigHAEH 9 WFEATRE B, X BRZH YL 75 4H 2518 7K e
B . R, JeBEgH Fl PHT 455048 T Hig R Er =N
ARYLTE, 7EHE B 24K 14~16 BFYLEE 2 h, 35 el
5 d, HEH M YGLERT e deREsE 4 JE L SEsS /INER
FURE T IR A SN PR Vil FH 2 B 2w il B
1.2.3 SIUERSRFTTE 4 JES, /R E B
AR ANE S, . B RIEALSE, FFr BB /N FLEE L
FREE, iCREAE R, SRR RBTTHE =)
TR
S2UE AR R H(%) = 52 LI E /AR x 100
1.2.4 fEFREINT
1.2.4.1 F5FIH80 76 1 mL A= BREL K rp 8y me S22,
TRATHSS B . BIBUE T 60 °C /KIGH iz
B 10 min (kg FIET, BUR B i T i 40 i3
BN AT PN, F LT Al T 80 B e T A
PS5 AR O RS PORE AL TR AR TR WO 1R
TFHL
KT S8/ mL = SR TR 8 x 5x 10x 10°
X (2)
1.2.42 KFiEsh®R K TFEBWEET LR L, T
37 °C /KB EE 10 min, RS T A BB, 7525
AT, BTk -2 M e R I 2 A3 4R, Y
WAEE N A, EELETTEL 200 K H TS SRS R
[ R AT
K TSR (%) = 7% sh%0/200)x 100 X (3)

1.2.43 KFRIER T HEsA LE 1 Wk g
WA, CE T F AR TR, B . TR, SRS
JH 2% LT3 (4 1~2 h, FiK shyede . =6 [ 2RI
T3 A, S AT WA R4 1000 545 1 Hh I I R

& (D

TFHL RS FRIE R,
¥ TSI R (%) = (BT FE F$/1000)x 100 =, (4)

1.2.5 SRR LY mEg HFERII LT 4%
Z2 IR P [ o 1 S L 4U& A 0.5 mm<0.5 mmx
0.5 mm MLHZ B, 2 H I LU I . YR i
J&, KA HE Yetadiihil i, L S2 AL FILH L 1A ARk
1.2.6 S2IALHZVEALNBAFR AR B —80 °C TR
TEE2ALH LY, A 9 f5TA A FiER /K, B T oK kAT
SIH, FEATUFEE, A 10% L) . AR ES Ol
3000 r/min .0 10 min, FFULHE, B _LIEWR I 74550
FEARI A o Fi B F & U B A I MDA, SOD Fll
GSH-Px %5:45F5.
1.2.7 S2ILAH L P IHT A S TR A0 IR T 1
Western blot SZEGZ: IR R 12022 B4, 204U FH T
& 14 PBS PE¥: 2~3 ¥, ML 10 f52H SUA T 224 it
WHAT 21 B SR e i SR B, i vk 3
fi# 30 min, BEFE 5 min 525 — IR IRH 58 28
12000 r/min, 4 °C, &5.0> 10 min, W& i, Bl 85
P, SR BCA R S0 Pk B . oEATHRL K .
PR BHEASE2EIR)IS, LA —PT Caspase-3(1:1000 F7
) . Bax(1:2500 F#e) . Bel-2(1:2500 Fiks) . N
L-actin(1:2000 F5BE), 4 °C vKEEE & 8 W A
TBST BEE 3 ¥k, ¥ 5 min, #R Ji5 il A HRP-IgG
(1:2000 %), I 1 h J5EE PRV R, EERE
AR R GRS I A B R Ja s 5o i, LA EH
5 p-actin JKEE(EM HLEZIR H W A MAEXTGA
1.3 HIEAIE

SR EAE Y DL YRR v 25 (=) RoR o SR
Excel YEE, SPSS 25.0 A4 TEe 1T 24434, 24 1a]
LR FHEA R R I 225081 220 TR e ELESHST,
K FH LSD Kx 56, P<0.05 A ZR BHASITIHE X,
P<0.01 HZESHEE.
2 GBR5SH
2.1 EAPESHHEH

e 1 0l 1, CS, Yerie 2R RECHXT X
REZH R A 35 (P<0.01), ULHATE CS, M EETEMEH
T, /NS IR 2L TR ASPESESE; PHT & . hisl e
XN EREE LRI T O VR, B o 3 v T /N EE
FUAERS 22 B (P<0.01); H PHT =578 2H /) Bl EE AU
N SRR R BOKV- R B, RPZH 8] AN F1E
geile# 2855 (P>0.05) . BiW] PHT X CS, Bl 52
FUIG LAY E FH S B AR
22 KEFREWRN

2 2 AT, YergaH S50t BB A L, b T30k
A, KT SRR, TG TR T, —E A8 ek
B 35 (P<0.01) . £8ad PHT THUS, 855724
S YRR AH b, R T B AR TS SR A B T AR
MR (P<0.01) , K T BRI 5 T Bl oy b 25 (P<
0.01), B PHT W] LI ZXZEf# CS, P e nitsE i,
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F 1 PHT X} CS, Y/ RSB HNE 7 R AL 520 (n=8, x:+s)

Table 1 Effects of PHT on testis and organ coefficient of mice exposed to CS, (n=8, x+s)
e o2y £z

Fik(g) Hik(g) eSS 25 (%)
ot 41.3+4.9% 0.278+0.041" 0.67120.020"
CS, 4 34.6+3.9" 0.1660.035" 0.476+0.050
PHT{ILHI 21 35.9+4.7" 0.185+0.021" 0.517+0.034"
PHTH 21 38.8+6.17% 0.232+0.047"# 0.593+0.042"%
PHT/ I 40.5+4 4" 0.2710.033* 0.667+0.017%

T *FR 5N R HP<0.05, ** /R 50 FEZIAR FLP<0.01; #3518 5 CS, Y 41 HLP<0.05, #3685 CS YL B 20 M L P<0.01; F22~34 ]

# 2 PHT X} CS, Jeig/IN UK T it 195200 (n=8, x+s)
Table 2 Effects of PHT on sperm quality of mice exposed to CS, (n=8, z=£s)

axdil FFitE(10%) T IEEI% (%) TR % (%)
X HRZH 18.02+1.00" 92.23+3.46™ 2.17+0.75"
CS, Y84 4.59+1.37"" 47.50+2.47" 23.67+3.78"
PHTIH 21 8.26+0.84* 62.67£3.727* 14.33£1.97"#
PHTH 5| 2 12.31£1.19™* 66.57+1.92"* 8.17+1.60"*
PHT 7 4 15.16£1.38™* 80.07£2.48™# 3.83+1.47%
ek TR, mE, SXTRRAAHEL, PHT &5l 25 XL . 7 PHT PTE LRE IR 1, S2L

AR TR AR R B 25 5 (P>0.05), BiIHFE PHT
AR AR ERTT, RN TR T a0 o
2.3 EHALFEYA

3 3/ BUSE L4 40 HE e (g€ PHT X CS,
1Y SR AL G s, 25 SR an & 1. AR 1(A) AT
1, X BRZH /N EREEALAR NG LRSS, Hh 44 2 Rk
WEIRITE , Z5F0 SE ST, 45 PN S 3er 240 At S 25 Z A= 4
ELHES R, AT LA K B I BeAm g, S 9 AT DL i
o HE 1(B)ATHEL FE CS, MEETEET, 8230
I ZHORS A 22 48 FH H BSOS FLUDRR, Ak T AR, 2B
i 2 250 R A s PRS- Al 480 B /D R X
MRZH . ARG AN MIHES ZEEL, S8 s mT IR A
KEARMUBE 7%, DaH CS, XHHErEsh i R B T H i
ArtdEE. K 1(C. D, E) A AL 78 PHT {39 1EH
T, HT AR I AR T AR B YRR, I PRS- A IR
A 5 T YL ERA, AN A HES B R, B
s N AT DLRGAE 7. DAz T, /NEER AL LU
BARRN Ty B 1(B) I PR T 4n ik
EFARIER . UWLHAREFIE PHT X CS, Frig siag 4
FATEERA WOHAE I, /N S L 4B S IR T

ZHL ) T A5 31 B B G
2.4 PHT 3H/REZEHALE U IBIEFRRISN
ZERANER 3 s, SXTRA LY, CS, /R EEIL
ZHZ! MDA &= 35711, SOD. GSH-Px 7% 4K i 35 4%
i (P<0.01); 5 CS, Y4l b, PHT /. H 5=/
FREIUZHZUT MDA & EEA T FRE, SOD JEMH:A1 GSH-
Px 3 PER S 2 T 5 (P<0.01), {5440 7 MDA &
AT SOD 176 M A8 b 5 HoAth 195 4~ 751 o 41 R 45— 2L
(P<0.01), GSH-Px #2555 AN JEAR 2 3 (0.01<P<
0.05), {H 45751 H 2H ¥4 2 B o 10 i) B A A3 493 10 380 R 5
4 PHT 155 48 2 450 mg/kg i5f, MDA & 1 5 %
MEZH EE, S22 5 (P>0.05), 8 PHT HAA%:
UFIIPLEALRE 1, X CS, T B LA —E 1)
HEHE
25 PMRENALFHTHXEFERNRIEFER
PHT X CS, Jea8i/NREEALLH L P T AH I R 5
T AR T TR 7K - RO i DL 4, HIER I AR vk I UL
K 2, SXFRELHAREL, CS, YeBE4H M PHT H . IG5 &
ZH S2ALZH 41 h Bax Fll Caspase-3 iAKW 35 T+ &
(P<0.01), Bel-2 F ik i AN (P<0.01), PHT &

AT o \ UL ; e - ok . AN
(A) X R (B) CS, UL #: 41 (C) PHTRF 20 (D) PHT "2l (E) PHT i 2

Bl SEAHBUREY] (200 7%5)
Fig.1 Pathological section of testis(200x)
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%3 PHT X/ AL SUA M RHAR PRI RN (n=8, xs)

Table 3  Effects of PHT on oxidative stress in testis of mice (n=8, g+s)

il MDA (nmol/mg prot) SOD(U/mg prot) GSH-Px(U/mg prot)
X ARZH 0.76+0.04" 436.35+2.65™ 270.85+3.85"
CS, Y841 1.9140.02"" 344.81+4.29™ 171.08+3.49™
PHTILHI =4 1.67+0.06™* 369.96+1.917* 181.05£2.26™*
PHTH &4 1.39+0.04"* 393.97+1.76"" 210.33+1.92"#
PHT &4 0.82+0.04" 422.80+1.58"" 238.49+2.43"#

K4 NREIALUP I TR T HE A RIA K (n=8, x£s)

Table 4 Relative expression level of apoptosis-related factor protein in mouse testis (n=8, g+s)

I3 Bcl-2 Bax Caspase-3
X HEZH 1.40+0.04™ 1.26+0.02" 0.82+0.01*
CS, Y3 0.94+0.04" 1.84+0.04" 1.34£0.04™
PHTILH 520 1.01£0.04™ 1.83+£0.02" 1.29+0.03"
PHTH &2 1.10£0.03 " 1.64+0.04"* 1.14+0.027*
PHT= 21 1.304£0.02"# 1.35£0.03" 0.97+0.06"*
1 2 3 4 5 TR, E A e N R s EE T E A S

N, e Bel-2

-— T -
- . - - ' Caspase-3

e s o o m—
K2 /NERESEALZH P A AR G 1 B A I B L Tk P

Fig.2  Gel electrophoresis of apoptosis-related factor protein
expression in mouse testis

T 1 XFREAL; 2: CS, Yo 4l; 3: PHT &7l ; 4: PHT ol i
2H; 5: PHT KIS 4L.

FIEZHAY Bax ., Bcl-2(P<0.05) Fl1 Caspase-3(P<0.01)
PRI S X IR L R 25 57, 33X — PP R FARXT
TRV 2SI G4 G 5 CS, Y ditH L,
P S T T 2H SR AL 4 Bax Fll Caspase-3 32
IS FRAIC, Bel-2 ik i = (P<0.01), HE
B FRAISC R . UEIH PHT 0] LI SRR 40t
JATZ R F (Bax Fll Caspase-3) FFIL, [FB AT LT
IR AN TR 7 (Bel-2) iU 2E3K, Bl PHT BEAZ X 52
FULHLURI LR
3 Hg54t

T N TR A R S ) SE 0T o8 22 I,
A AR TS PR B ) — e fl g ) S S s S (i) M
A RGN TS O PEAEFE DI RE S H2, MPLA
K] CS, B, 23X S2 ALl gl = AR e PRk,
5 AV S AL AU A5, FERATORS 75 i, 35 58 S
BIRAR, Ak, SN AT EZ B2 4T
PSCTER ) ERiERe) 58 L CS, Fis T3 A
AL PN DNA #5455 ] GE 255 | 29 BT 5 R G 11
g1 oW ) o O S o ) (TR = WA e = AN (s S B 2
WFFE IR, CS, YEF TR B2 AL U K A S A
FEARREE F RS, TR NP AL R SERE T ss ok 4

FRALm R EAT W PR LTI RERT, H BT AR
AERE S A T EE IR S A A 2 iy 25 P SR
HY B 3R, 30k HAE S AN 3T B v R
PR SRAL T SR . ASSCIG R, £ CS, YT
14 70N BRSO E % 2R BORORS 5T i B Il RRAIG, A
PHT i), ol LIFEHL CS, YL FIrEur /s B 7%
HERIE BIR R, /N BURE 7B 2R 0038 0, 2%
/INERER AL SRR B, I H A TR ARoiiE . 1tk
S, ARWFFELE IR IR, CS, Yedidlh MDA & T,
SOD Fl GSH-Px 1M T B, S2 ILZH 2R B A Ak gt
153, RAAFEFIER PHT $5PL CS, J&, 2314040 MDA
& I, SOD #1 GSH-Px % J1 FHEr, #2725 PHT 1
DITEAR N AT P T e AR o

CS, Al LA i, SRS R A i 2kaE
J1FRE . NE BTt A A R MERR, S AL ZH 4 R A
EALG, P EEfEAN E To K ik . Bel-
2 S Bel-2 JFUm LA I nfid r=4, S Anfr G ie
PERF . Bax J& Bel-2 JE R S35 Hh 4 i 8 T fe b 3k
A, Bax B9 BE R AT 45T Bel-2 BP0 i fdi 40
ME#ATFET, M Caspase-3 &4 T3 B P £ 22
LR BT UIEEEY . CS, YL /5, Bax F Caspase-3 11
ik THE, Bel-2 IIRIAEFFEK, Bax, Bel-2 222
TELALAAS MIER T DX IR FE D158, Bax 25 [ AT Af#ZL
BRI LA, R VEAR (3 C R, 4t
Z RN TAF S WAEHS, [ Caspase-3 1R IA T,
T Bel-2 25 A9 238 T DABH 1k X — i 2B, 7E
PHT Py T, {4008 17- 5+ Bax Fl Caspase-
3 RIS E FIE, (EFAMAATE R T Bel-2 IR IAE
ThE, 5 CS, Jedpdith, b SRl 2 A S
B (P<0.01), #7% PHT 1] DR EFEDT CS, Fratsd
AL, Tl AR T R R

25 TR, R WM i S s Y CS,
if, SR ML= A= 3 2 1) MDA, I8 5550 A AL G
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Pk, 2PN A4, (# Bel-2 A1 Bax FIKRA,
e PG Caspase-3 R 7, S & AW T, M
PHT B AT HGR ARSI ARG TR, HX A i BE s
BRAE S FEPTUAEALRE i ot o K HAEH T CS,
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