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W = ?%J%%EF*%’?&%‘?E{%J—?&*W % .18 9 4k & 82 (Chlorogenic acid, CGA) x 37 45 - 69 A % B 47 4F A L & 3t
ZHEBAIZUMOLl > Hfe R A Hoe , RIFREPHRAGEHFRT >N HFMmOCFEA) 0.1.0.5.1.2%
3mmol/L & CGA, e A kG FTENAR HTFTHBEARANLEAR, AHECCAMY RERE , KK b5
(Mitochondrial membrane potential, MMP) .# -F DNA # R 1L b & 5 35 47, iﬁ‘i?}’j‘i 8 [ZUMO1 ¥ Ak &5 4%
BATH . HERAV DI mmol/L CGARBMM A @B TR EHTELF MATEREEMTEREY R
F & T HE 4 & (P<0.05) , % H ﬁfx’:%4&%ﬁ—{’@@\éﬂ(f’<0.05)o 2) 1 mmol/L CGA & #2 41 #§ & = B
(Malondialdehyde , MDA 7K -F & A& (P<C0. 05) , ) B A2 4L 4 3 4L B (Superoxide dismutase , SOD) Fo 5 it H ik 1T &
1 4 B ( Glutathione peroxidase , GPx) & H & & (P<C0. 05), 3 42 # & 30 &AL 4& A (Total antioxidant capacity, TAC)
(P<<0.05), 3)1 mmol/L CGA# 2 # # & 7 # F MMP K F (P<<0.01) , 8 R % K 1L T DNA # 7 1Lk &
(P<<0.0D . 1 mmol/L CGA & A 2% % £ [ZUMOL & & ) &% (P>0.05) 42 2 F %K T [ZUMOL & @ &
FFER 4i%~i(P<O 05). % b, Ay A kA8 R ¥ K 1 mmol/L CGA T A 24 7+ 87 /& Bk )6 # iR 5 it A= 48 BAL
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Effects of chlorogenic acid addition to extender on the
cryopreservation efficiency of donkey semen

ZHU Yubo, WANG Linbing, LIU Jiahui, LIU Bohan, SONG Zhangning,

JIANG Wugi, DENG Liang"
(College of Animal Science and Veterinary Medicine, Shenyang Agricultural University, Shenyang 110866, China)

Abstract To optimize the cryopreservation system for donkey semen and elucidate the protective effects of
chlorogenic acid (CGA) on spermatozoa during cryopreservation, particularly regarding the distribution and
expression of the fertilization protein 1IZUMO1, this study supplemented donkey semen freezing extenders with
varying concentrations of CGA: 0 (contro), 0.1, 0.5, 1, 2, and 3 mmol/L. Post-thaw sperm motility parameters,
morphological characteristics, and antioxidative indices were assessed to determine the optimal CGA
concentration. Additionally, mitochondrial membrane potential (MMP), DNA integrity, and the expression level
and localization of IZUMO1 were examined. The results indicated that: 1) The group supplemented with 1 mmol/L
CGA exhibited significantly higher progressive motility, sperm viability, acrosome integrity, and bent-tail rate

compared to other groups (P<<0.05), alongside a significantly lower malformation rate (P<<0.05). 2) The
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1 mmol/L CGA group showed the lowest malondialdehyde (MDA) level (P<<0.05), while superoxide dismutase

(SOD) and glutathione peroxidase (GPx) activities were markedly elevated (P<Z0.05). 3) Supplementation
with 1 mmol/L CGA significantly enhanced MMP (P<<0. 01) and markedly reduced the DNA fragmentation index
(P<<0.01). 4) Although 1 mmol/L CGA did not significantly alter the overall expression of IZUMO1 protein
(P>0.05), it notably decreased the rate of abnormal IZUMO1 localization (£<<0.05). Collectively, these findings

demonstrate that the inclusion of 1 mmol/L CGA in the semen freezing extender effectively improves post-thaw

semen quality and antioxidant capacity in donkeys, enhances mitochondrial function, preserves DNA integrity,

and contributes positively to the proper localization of IZUMO1 protein.

Keywords chlorogenic acid; donkey; semen; cryopreservation
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SHAL RIS, By 26405 Wy BREBE 78 24 F iy % 3 R
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CGA J2& H WMk iR 5 25 Jé IR 45 & 1 1 1Y) B 2 e L &%
HEAN IR T ), R 5 A h
BE R, M R FE SR R0HT B AR TE M . E A TR T
AR AR TN 100 pmol/L CGA 7] i 2 i E 4 1
T 2 4 TR S R KA RS R
150 pmol/L CGA 7] 3 i F A% 4 1k 7 8 L 32 T B 46
TR RE 1, B M R J5 A 115 56 M DNA 88 M, N L
BN 5 42 = 22 I R0 7E ORI VR AR R T R
fin 100 pmol/L CGA, A D F& ik 3% M % (Reactive
oxygen species, ROS) , Jf Bl 3 fif 75 Jo5 K 1 2 kL A i
HL A 7K
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1 MRERE

1.1 REHYRBERE

IR e L T4 A D ) 55 09 6 Sk AR L PY
PR AT (5. 44 1.2)% , Bt BE 2 W (A ks floH: | 2 M
fiE LA, SRAT I R] S BEPEAE 22 (4—6 HD . il ad BB
XA HATRERCREE o A Y B[] PR 48 h R —
YRS WL, 309 1) S it s A ] 3 5 L L O o s A &
B AR RERG 3~4 K o BEOIRE T35 50 1 6 1
G3RCE 6 AU EERRE , 43 SME S AN Rk EE CGACO,
0.1.0.5.1.2 13 mmol/L) ) B 1 15 % B (41
=6, R T A o KA B WH IE 40 U8 K
WTC 5 W) S S B EEL R FIESIE R B
TRBIZ=50 mL A T % =1 X 10°4~/mL, [a] FHkS 7 1%
R E70% L B .
1.2 FEKHA

AR FLBE RN AT R AR TR
HEPES. H il . & 1 5 % 9% B9 i 1ZUMO1 $i &
(HPA038104) ,a-TUBULIN (T6199) 4 4 4 iy
Sigma A " . HRP #5 i 9 " $1 & 1gG — $iL
(D110056) W [ L i A= T A= 9 T8 B4 A7 FR A A o
HRP #3289 % 51 /b B IgG — Ht (RS030213) 1 A
Immunoway 28 & . CGA(C8960) 4 T 24 fift W K
T AR AR &Yk AL R ER AR
Al o MMP. SOD (Superoxide dismutase, SOD) .
TAC(Total antioxidant capacity , TAC) £ il i 7] &
¥i 8w o R A BR A F] . MDA GPx it A
b &L (Catalase, CAT) 2t 5] & ¥ g 7 L g 38
BREWEARBAY A R . TUNEL &5 ) £
I | Elabscience 23 # o & % J¢ IZUMO1 $i &
(ab211623)Wg H Abcam A #l . Alexa Fluor 594 F1ic
B 2E B R 1gG 4T (A-21207) 9 H Thermo
Fisher Scientific 23 7 o
1.3 PR KRRBE RN EE
1.3.1 & iRbH

Fr B & BE 12.5 g AL B 0.75 g M T B
0.75 g. ¥ B MR A1 0.15 g. 7 & B 48 0.205 g.
HEPES 2.38 g. % - § % R 250 pL, Jin i 4l K =
250 mL, ¥ pH 6. 2~6. 4, i 38 J5 N 25 1A AU G %
TRAT, N FERIAR RV . 78 5 il 4 BV rh AR B 1L 43

S 5% BP R 5% H o 1 3 20 min )5,
4°C,12 000 g & .L» 30 min B E 1%, 0 ¥ R B o
TE il A % RN Y VR R TR P 4 ol I A [ e i
CGA(0.0.1.0.5.1.2F13 mmol/L),4 C&H .
1.3.2 Mk Ak Bk

B R SR W LB 1 1R L AE22°C
600 g £ 0> 10 min, 5 &, AR R BEIR 2 .
P BT 22 ‘ORI TR 4 “COKAE 2212 3, 99 1l
30 mniBA — W . MWHEERIN4CH, PR
0.25 mL ¥ A 41 % . 40 % B W & i 3~5 cm,
—120 "CHE 7 15 min J5 AW A4 - ¥ ¥ 10 min
Ja B, 37 (COK AR R 15 s, T J5 24 .
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DK T2 3h Z 80K FH T 50U 4 B RS W4 A 4
(SCA® CASA System, P43t 4 MICROPTIC) ki il
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Ut HAER IR A, BT S IR UAE 1026 f
IR MO S 15 s, 3 K vk e A AR KT L 1K
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H o 1000 4% T B8 W8 42 T, I 11530 THU A4 8 G
THCH B FECA T .

DR T A BRI IKE S TS
KB W KB W 7 RbE 1.0 g/L + 4 B R A
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18 37 “CHEE 30 min Ji i UK F, 400 £ 45 T 1H 4, I
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TUNEL AR 7805 K 7 S 800 A 73 T E .
1.4.3 #iE KA

W R J5 AR IR UK R TE IR R, A i &t
4% Z B EEE 2 15 min, 0. 2% TritonX-100 i %
10 min, 5% BSA £ 4] 90 min. {#i ] IZUMO1 % $t
R (1:250)4 “CIFE L7, A Alexa Fluor 594 F#ic Y
W 2EH % 1gG —H1(1:1 000) % W8 7 45 min, PBST
PEWE 3UC, FEYK 5 min, DAPUBEE 5 min, i FI 8 & 226
AR (Leica, DMi8) W ¢ 45 5L |
1.4.4 HGR P EIpiE

ARSI B AR ZE ol & 28 1 5 min, B AL B
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vk {¢ (Bio-Rad Laboratories, 165-8004) 130 V 18 J&
17K 50 min, 2K f& IR B 22 38 38~ T 7% B CACE,
FW606) A 20 V FR ¥ 1.0 A 2 + 5 % i 15~
18 min, 5% M BE W5 ¥y -TBST &f 4] 12 min, AR ¥
Maker 4% 4 ¥ B 87 5 1ZUMO1 C 25 39 ku) Al
a-TUBULIN(Z 52 k) BB 4 o 43 I A AH B —
Hi (IZUMO1 % J8 ,1:2 000; «-TUBULIN /)N B8,
1:2 00004 Cit M , TBST ¥ 3K, 4% 10
min. 43 AT B 50 (HRP #rid 9 P e 1gG, 1:

*1

2 000; HRP Fxid 97 41 B 1gG, 1: 10 000) % W5 &
2h, TBST F-R¥ES 3 K, 4K 10 min, #FH2¢ 61k
2 RGBS AR AX CEE G L TP-K600) 1k 2 & % 5%,
Image J 73 H7 K BE1H .
1.5 SZitoh

X i Microsoft Excel 2021 % 4 %t i, 56 %k ¥ ot
(TR IEZ 3% BN S E ) S € A2 VR =N
70% /N T 3000, W e E AT 7 O MR ROIE 5% % 4, LA
W7 2255 Bk . SR SPSS 27. 0. 1 #1748
.

AN TR BE CGA XA Y 50 R4 484k g ) Y 52
M 45 LR F LR 2 0 22 0 B ARk AT SR R 2
Fe 48 ; CGA X MMP . DNA 5¢ % % LA &% 1ZUMO1 &
F 4D 52 ) DU SR 0 S BE AR A I R AT H AR 45 AR DU
S {E 4 A5 1R (Mean = SEM) 7, DL 0. 01<<
P<0.05N#£FEF ,P<0.01 N EFWEFH.

2 BREHSW

2.1 AERECGAMIFAEBRARNITM
Y2 1 A] 1, L6 B BE VR Th S in 1.2 Fi 3 mmol/L
CGA, TM ¥ & 3 & T X B4 (P<<0.05), = H % 5%
ANEZFEP>0.05 ., 1 mmol/L. CGA &b F2H ) PM .
IR o0 TR 8 e RS B R B
T H A 4% kb F 41 (P<<0. 05) , T W 1 3R i 25 ik T H:
fib £ 20 (P<<0.05) . 45 R E W, 1 mmol/L CGA Xt
KT TM . PM |5 JI5 5 B B0 000k 58 36 SR 359 4 I 3%

FERE CGA X IP S H 5 @R 2

Table 1 Effects of different concentrations of CGA on the quality of frozen semen in donkeys

A6 I 48 A

2 JER ¥k % / (mmol/1.) Chlorogenic acid concentration

Indicators 0 0.1 0.5 1 2 3

T™M/ % 80.87+1.97° 81.3540.34° 84.1041.12" 88.38+0.58" 86.23+1.69" 85.9940. 14"
PM/ % 32.36+0.25  34.254+0.61™ 37.03+1.31" 41.15+0.83" 37.27+0.84" 36.07+1.83"
PRy =5 SN /O
@%?E.J}..};/A 64.49+0.76° 67.3740.84" 67.7440.77" 73.87+1.72" 65.64+1.15" 65.57+0.63"
Sperm viability
T 52 s 2
ke 3.:% . 66.23+1.84° 71.0840.64" 73.97+1.04" 80.62+0.24* 73.71+1.63" 71.60+1.23"
Acrosome integrity

3% 0
TR WY 20.65+0.95 17.264+0.74" 14.95+1.00" 11.69+0.33° 15.10+0.83" 16.71+0.98"
Abnormal morphology
LR TRY
Curved tail sperm 34.1140.79°  37.3240.78" 38.3940.21" 43.33+0.53" 37.14+0.81" 37.56+0.39"

percentage

TE TR A7 BR J8 B3 AS [F] 52 B 3605 22 57 35 (P<<0. 050, JA A Al 1) - 6 3678 22 5% K8 .35 (P>>0..05) . F I,
Note: Values within the same row with different superscript letters differ significantly (P<Z0.05) , while those sharing identical superscript

letters show no significant difference (P=>0.05). The same below.
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PEFHIE A, AT I 25 PR AR I T R P20 590 v 19 SOD (P<<0. 05) #il GPx I 1 /K -
2.2 AERECGAXIPR FRBRMENEENHZ I (P<<0.05), M A ) MDA 7K - (P<<0.05) . 5 X}
MR 20 LA, 5X ML, 0. 5.1/ FRZHAH LG, ¥R 1 mmol/L CGA i Al i 3 #2558 1
2 mmol/L i) CGA ¥ i #F 4  T TAC . SOD Ml GPx ) CAT 7K - (P<<0.05) . 45 R %W, 1 mmol/L
KA (P<<0.05) , & 3 BE AL T K5 T 19 MDA /K °F CGA X 7 1 Bt S Ak BE 1 Rt S AL i 16 39 A
(P<<0.05) . Hoip, 544 H 4 M, 1 mmol/L 4k P THE T, XS 7 MDA A 5 & PR .

F2 ARRECGAMPRERRMANISHRNF N

Table 2 Effects of different concentrations of CGA on antioxidant indicators of frozen semen in donkeys

o 45 SRR M 2 /(mmol/L)  Chlorogenic acid concentration

Indicator 0 0.1 0.5 1 2 3
TAC (pmol/mg) 0.6940.01°¢ 0.7440.01" 0.8040.03* 0.8340.03" 0.7640.01" 0.7640.02"
MDA (pmol/mg) 11.52+0.42° 9.78+0. 44" 9.284+0.24" 7.554+0.08° 9.36+0.31" 10. 4740. 60"
SOD (U/mg) 17.6340. 78° 18.71£0. 77" 19.07£0. 74" 21.4240.57* 18.8940.80" 18.63+0. 80
CAT (U/mg) 2.454+0.19" 3.4540.23* 3.2140.47° 3.73£0.29" 3.2640. 44® 3.1340. 45"

GPx (mU/mg)  255.09415.43° 295.10+17.51™ 317.16+17.89" 404.45+8.58" 296.58+9.17" 293.18+8.69"

2.3 CGAXMIF%EETMMP K ()T LAFE L 3 1 mmol/L CGA 44 MMP )

i L A 45 R R R B S N 1 mmol/L iy fe FEL AL KO i T B, ] 1(h) R, 56 B4
CGA, VRS WA VR 5 5 B 1 RS T T R%C s 1Y A, @00 1 mmol/L CGA B B FH 4R & TR 71y
P E A HE 77, P I B R O B R A DESE . MMP MMP K- (P<<0.0D) . 453 &M, 1 mmol/L CGA
SR A R SRR IE H D RR Y T B AR AR 2 — 4L AN CIRTES/ -5 RV L Ve VRN R A S O S kS
REMMP 8 5, OO R MMP &AL, Rl kiR IhfE.

@

G

LORRIEAL (R SRR (A AU AE (R — Control — CGA
High MMP Low MMP Merge =
8 15— ok

i} HE 4] s 0
Xt HEZH i‘j %o
Control @ 3}

I £ L0l
’ %2
S & 2

CGA £ < osk
£ 8
PR B g

Vs 0.0
Positive control 2 Control CGA
_ 534 Group

() MMP ZE6H 5 (b) MMP H Xt 2658 . High MMP : 2 R0 (4 B A A7 55 5 Low MMP « 20074 I8 i 741 BHME XS I CCCP Ab 3 4
KR 58 A LA A N AR RALFOE S M * 7R 15 % BEALAR HE 2% 52 (.35 (0. 01<CP<C0. 05) , %+ FRyR 22 il .35 (P<<0. 01) o R AH L 400
TR,

(a) MMP fluorescence; (b) MMP relative fluorescence intensityHigh MMP : High mitochondrial membrane potential; Low MMP : low
mitochondrial membrane potential. Positive control: Sperm were treated with CCCP to induce complete mitochondrial depolarization, serving as a
fluorescence reference for low membrane potential. * Indicates a significant difference compared with the control group (0. 01<ZP<C0.05), and **
indicates an extremely significant difference (P<Z0.01). Magnification: 400><. The same below.

El1 CGA XIS & F MMP R0

Fig. 1 Effects of CGA on mitochondrial membrane potential of frozen donkey sperm

2.4 CGAXTIPEFEET DNA R8I0 WK %2 TUNEL FHM R & @5 6K 2, | K
K F DNA 5475 46 0 3 F b2 3% 55 3'-OH K ¥ 2Ca) Fr s, BHM: L B X6k B 56 30E T 42 8 05 R A R
fifg ¢ J2 W i TUNEL 3 7 & ok ¥F 2 . H ¥ DNA 5% M, A 2M &R E R, ERBE®RST RN
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KT HbrE DNA#VIbRAE  XUEE g

(@) (b)
DAPI TUNEL Merge
X HEZH SRR
X HEZH Control CGA
Control okl

LRIER
CGA

PR %o B

Positive control

TUNELBHPERS T 35 /%
Percentage of TUNNEL-positive

Control CGA
434 Group

[ IR

Negative control

TUNEL : DNA 5 ffi#5 % s DAPT S T b aki o MORAH £ 400X o (a) TUNEL B8 5 (b) TUNEL BHVER 73
TUNEL: marker for DNA damage; DAPI: marker for sperm nucleus. Magnification: 400X . (a) TUNEL staining; (b) TUNEL-positive sperm rate

B2 CGAXIFRHEET DNARGHIRME
Fig. 2 Effects of CGA on DNA damage in frozen donkey sperm

1 mmol/L CGA, TUNEL FHPENE F A 45 260 0 3% TR 4 R R 38 B 5 X 98O (P TR 3 X5 9%
RT3 (P<<0. 0D, &5REW, 1 mmol/L CGA (P, T4 = X Fl R i B i 9 6 (Py) | % i B ik 7%
R b 2 B ARG - 9 DNA $5i 4% . JE (PO M IC5R % (P o KA g IZUMOL 1 P, 43
2.5 CGAXMFAEBFIZUMOIEB D HRI MM At FAE H E AL HAx oA Ir K (Po~Po) iy H
IZUMO1 J2& i 2. 3l ) A 5 36 1 1Y — b oG 5 5 WEAA . IWE 3MOAT UL, 1 mmol/L CGA &b ¥4
AR, 5 B0 B T A 32 K TUNO /948 B AR & i, IZUMOL 1y P& A7 b o & 2 & T x5 B 4d
KO8 5 LA i/ R R 3O TR L (0.01<<P<C0.05) . #H£%EH ,1 mmol/L CGA fi
K+ IZUMOL 2 F1 43 A5 43 R 5 R a6 2, 43 5 ok 3R THP AR RN T TZUMO 9 1E 5 58 A7 e 491

(2) 1IZUMO1 KT hRE WU 1 2 RS ()
DAPI Merge

S
CGA

xif B

Control

2N
CGA

1ZUMO1 P1%

PR X HE

Positive control

Control CGA
434 Group

Ps

() IZUMO1 H g 9 Je Ye ; (b) IZUMOL & (1 PLE L LS . 1ZUMOT 1 5 4o 68,43 Sy TR R« Py (TR 74 4% A 3 BUR K38 96D (P,
(TR 3 DX €0 ) Py CTo A 3 DRI IR T8 BE 4 08 98D P, Gl BOI IS R P (IR IE) o BORAE #0400

(a) Immunofluorescence staining of IZUMO1; (b) Ratio of IZUMOT1 localization in the P, region Immunofluorescent staining of IZUMO1 was
categorized into five patterns: P, (intense fluorescence at the acrosomal margin andpost-equatorial region) , P, (intense fluorescence in the main
acrosomal region) , P, (intense fluorescence at both the main acrosomal region and equatorial margin) , P, Cintense f{luorescence at the equatorial
segment), and P; (no intense fluorescence). Magnification: 400X

B3 CGAXMIPRFEBEFIZUMO1I EBE MK
Fig. 3 Effects of CGA on the localization of IZUMO1 protein in frozen donkey sperm
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BB RIZACE I E I E AR IR TR
FE B R 1.

& Xt L SRR
Control CGA

0.5

IZUMOLFX ik i

Relative expression level of IZUMOLI

0.0

Control CGA
4141 Group

(2) IZUMO1 K 11 Western blot HLIK 254 5 (b) TZUMOT 2 AN R i8 7E &
(a) Western blot bands of IZUMO1 protein; (b) Relative expression level of IZUMO1.
El4 CGA MR ERETF IZUMO1 EERIEKTF

Fig. 4 Effects of CGA on the expression level of [IZUMO1 protein in frozen donkey sperm
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