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FBI1E Hwm

T v MIFOSF 7 AEFINA LIS, BE LREOHE CRE RFEAETHD
T LA, BERRKE S ERBWVBEIGEANL, ERBEETACRBET AL L LTRHIAS
NABELREREMTHS, £/, BERKIRSEETFHRET v MBERISHh, 9% b %
O L FIRITINEER 2B THNT 5 Z LB TFRERS, X REROP, Ty M
R ONEHIRER. BE LB RREO D, ERMIBIT DD FTO MR TR
5w FOEEKD D WIZIREREIC X DEEREORE™MTOATVWS, LiL, BEEROR
LBV THER TR 2T OBBREERMIIREEZALIZES TR, Zhilk. 7 b
BFOBRBREENOBRRIIAE L 2o TRV, TOEMNEATRIZZE, BAROEE
IR B,

5y "REIFOEBHRERFEREIC DWW T, 2001 4 Nakatsukasa et al
(Reproduction,122,463-467) 12XV 5 7 b — RINERIRIEI D BAFE S . AiAZ: 10%A1th O iE
O TFEFEICEAL, EFEHTWD, ZOWRERT v MEEBETIC L 2ETERIC
B4 200 TORIPITH 20, HIREIREFEOBHICHBE L THEIZEY,., £0O®%, 7
n—X Ran=— fHRHR, Ia—F Vb FTUAV 2=y I BLOGFP 7y METF %,
57 h—ANNEREREAOCTHEERTFEL, ATBRBICIVEFEESLLLRELTEY,
BR AN TEBREERIL. BENYROBRRIRE~DSHEBTRETHZ L LTWS
(Nakatsukasa et al., Comparative Medicine, 53, 639-641, 2003), LU, HiERAER O
FOEFEME, BRI IOSHERMEO TEVWEWVWHIBIBEZELTEY, A5, (RERT
AW A 2RI BREIIRTZ RIS LR 22, BLED X 512, 2008 FIZB W TH,
F v MEFOBRREFERIERLINTELT, FORBRFEORRBIIEERFFHREEL
LTE->TWA,

FZTARTIE, FARBLs 7y PETEERFEORRE LEFBTICLS
A THERS L AR HAN OB L B E L TEREIT- T,

F2E Ty METHREREROMRE

AETE., HEFRECHREHLEDEIBVT v NETFORBRBELHE T LY
AL Lz, £9. vV ARFOEGERERE LTHOLN T OERDT 7 4/ — 2%
BRERER L LTHY, ThE2ERICRGFRORBERZ ZEIC L, E0OH, £l
Tk, SIEEEOEMA, PBS H5WIFEIEZ VT R-Y S —EREBRK (modified
Krebs-Ringer Bicarbonate ; mKRBICEZRZBED T 7 4 ) — A EM UK EZ 1 RFE
gL UCTHWE, 2 REFIKIT, 22 1 RERK EFROBFBREZERBMA | iRIEER
PICE TR L, B TIX _37°C@?E7K'C“ﬁﬁﬁb\ EEMEEREL., SEOEFEIT
FITC-PNA CTHIZ L7, R 2 TiZ. ER1 OKR CRMEORBFOESHELIBD O
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BEDS 7 4 /A& -mKRB SRR E 1 KERKLE LT, 2 RAERICEEREAR
ELTHRL —BEMICHE SN TWAHRBESERED 7 Y Eu—)b 25 I3k Nakatsukasa
BT v MEFORRBEESNCA V. Equex STM M@ % OEEMER X CEEOER
WRIETEEBIZOVTRMN Lz, ER 3IC, 774/ —ALSOFEE (bbru—2, 5
g h—A, 757 b—ABXUTNVa—2R) ZHEMULIFFE-mKRB RFEE 1 RARIK L
LTAW, 2 RERKIZENEN Equex STM 20 LR E iV iz, £ D, ARG RAR
BT OESE, SEOERME, 8XW37CT 3 BRIIME L& 0E S0 REHELIC
RiETEEOWTHAT,

FORE, WThOREDT 7 1/ —2F@BMAK, 3L PBS JRHEE) IcimLx
BA . WRERMEOR T OEEMIIZED bR, UL, 0.IM 57 4/ — A% IFE
-mKRB BEICHEM L8B4, BRERIOETOESENED b, BEOEFRELHEVVE
BRLE (&1 ED, 2RAFREOHGHERER & LTHWZ Y Er— A 8NKIZBNT
. WTHhOBEICBOWTHEBMRZ OB FOESTEB I OEFOEF®HIIS ) e — L%
FMLTOARVWROMICHE L TET Lz (R2.A), —F, 1.5% Equex STM % HifE{R#
WE L LCHWERE, BfR% OB+ OEBER X OERAOIEFHITRML THRnED
ECHBR L TCHERCE WERRD b (X2.B), BEOKETIE, 774 /—ABLT
b Loe—ZRERMNL 7298 E-mKRB RFRE AWV TREF 20T 5 & MR OESER
JORBOEEMIE, 27—, 7527 b—RBLUI/ NV a— R HEMUEROEIZE
BLTEWMEEZRLE (R 3), 774/ —ARNMEOBMESE OB EEEIX, 3 FFREM
BLEBIZBOWTHMOAEXOMIZHE L TEVEZERSLE (K 2),

P EDRKRENPL. Ty PEFOIRBEI VP LRAFRKOES L 2 2 BERERE LT,
01M 574/ —A%IE-mKRB ARICHEM LERTFREPACTETREE LEEE ®
RBIZBVTRLBEVREAE LN, 2, 2RARKROFEERERAN L LTSV En—n
DEIMEITRD b ho7288, 1.5% Equex STM # AW {R1ER I, BEgOESMTS
fEEE, EEOEEELEVELZTRTIERBLNC ok, 5L, EROLKRICE
WTCIE, 74/ —ABT v METOERBREFECRAEDTHLZ EFHLNIIN, &
NHEOZENDL, § 2 B THBRINEERARIT, BERESCHEBSILE &V ) §EY
HRL., TXALX—EECHI N EAEVEB LU Y ST mKRB Wiky &
RE LEREFEREZ AW LT, BERTOBFOTRAX-REBHERDH 5 VIHMEES L,
B EHOTRNLX—JRTH DL ATP EndEm b, £ ATP ARk OESFHIC
FIR S mREMED b B LR SN, BLEDZ LD, BRI T OESIRECUERE
DREIZEH 5T 2 = 3N —FER T O/EABFARA T, MR OKFOESE
CAETFENHETE D LHRBRENT,
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EIE FTEBRD IO X X —FIA - s OMHIZ X D BRRITEOBER « A%

AECI, . F74/— 3« PE-mKRB REFRIZEENH I Va2 —RX, EAE Y
BBIOLBICEHL, =R X—REL LTEBRRLOEERTHIZ L L, 2OKHEE
ErETA I LFAMIC, Fa—R, EAEVEBIOLBEOWTRIN, HBE#RD
EEE, TRAF—REEERLI Far R THRECEE CHIBRHER. BIUEK
AR DEBMEICRIETREBIZOVW TR L, Ebi, BFroESRELHET =L
X, T72bb ATP ORFE~OTMN, RBEHOEIME, BEHE RS X OREMAF
% OEEMER AR RIETREBIC SOV THRF L,

LR SR VREE TR, PREOBTOEN, BENSE. BIURMEOE
BN ABRE SDERFR CLABE LT O OEICHR L TEWMELZ R L. (M3.AB), %
7r. HLEROBHMEN 32.37 mM 225 L H1T, 774 /—A « JiE-mKRB {REHRICH
MUHEE, RO TFOESHEIX. ABEZFNL TV ARVROMICHE L THERICHE
VEZSED b, BRGOESMELEbEVVELZ R L (K4.4), S5, 32.37TmM %
AR L ROBENERT ABE STV ROMICHE L TEHVWELZ T L (K 4. B).,
—%. 1.85 mM ATP % 5LBRIRINT 7 1 / — R + JRE—mKRB REFERICEIN L 7= 5E . BifE
HOEBMNRE LM ETEZEBRD LN (K5. A), 1.85 mM ATP Z#00 L 72 KD
BEOBENERIT. JREOECEBR L TEFRERERRD bR, BVMEERR
FEMNED ST (5. B), 1.85 mMATP & Fi L 7= KO BsE % OEBET, ATP
WRME O HE L <, 3EERINE L2 B VLT HARICAVEREZ R S (B
6).

WIZ, v METICBITABEN LB EERER IO XX —0R A L a1
SWTHBHAT 22 L2 ENE LT, RERCEENIUBOFE, HHWEII/ VI —1D
B9 iAL & FZET S 2-Deoxy-Dglucose (2DG) . HLEABAKFEEER (LDH-C) 2FET 54
EFH A — MOX) & M L= B & OB % OEDMH BRMERRICKETTHE L LDH-C DR
HEEHALMMNIT B RER R EEIc L VT L,

FORE, WBEETICRBWT, HE% 3 BRI L - & 2 0EER L OCEREE
. EUDECHE S, BRRENBEELEVERZ R L (B 7.AB), BORE®D 2DG (3 mM)
ERMLEZBAICEVT, ESER L UBEHERIT, MBEXOMEICHE L THRICEN
ExALE (®7.C), —F5, LEBEFET CARIBED 2DG ZiRMLILES. FFE
% OEEM L UOBMBEEEEZ. VWTHhoOREICBOTHXBEOMEICHE L THRICE
WERFLE (B7. DF), LBOFECEP LY, LDH-C % OX 2L WHlE LIELEE,
 BEROBTFOESMEL. MEROECHR L TERICEWMEZ T L (K8.AD), &
BEED 20X (3 mM) ZABMESOHRRICHFM L 2HE. REROBKBRERIT, MREK
OEIC B L CHERICEVERZ R L. (98.0), BRENI L2, ABEFEET THTED
RE—THBEBEESNE, Thbb, ABAFRRCFEET L, PAMEZREL
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Rl X, BFORBESRKE VEBR TALBREINT (M9.A), EHIT 3KE/MET
%E, EEOERES/NESL 20, BEREENE L EHR LI RIBOESE -1 882
iz (K9.B), UL, ABEFRIRICHEELRZWE, BEFEHOLEEITHEVETET S
FE7-ORTET 2 DM B b BRI N2 (9. C,D), LDH-CHLikiZ Xk v #+D LDH-C
BHAAERE LR, BEEBICRET SO TIERS, EROLRHE FRAEHO I b
a2 RYTIZRELTWE (X 10),

AEORE, ABEORIRED 32.3TmMIZRB EHiC, F7 4 /—% + Bi&-mKRB
RIFIRICIRI L7256, SR ATORFOESER L UOBRHEEMEES L., MR OE
BERA LT A2 ERRO O, EHIZ, 1.85 mMATP 2 RFRICEENT 5 &, mfEE
OEBMER L CEFERE LS METHZ EBHLMNIENT, o, LB RERICE
FETHZET, FAHOI bar Y TICBETS LDH-C 12X VBRHER M EXh,
ZORER, THEHMOBHMASE L, EHORIESKEVEFOEBSHERFENDIZ LWL
MZENT, AEORER, 7 v MEFITBWTHLEIX, 7V a—X0U Ve VB E L,
TARNLF—HHE LTATP k07 ba vy FUTICRYAEN, LDHCIZXY e
VLB Eh, BEBY VEBREICRIH SR o TIdRvWh LRI, &5, 4
KD ATP bR T OEHREL L OMEELE L NLSEIRNFTHIZ L EHOMNCL
Feo WEDZ & XV, Ty MEFERERFICBOTL, EREAMEFOESRECRHES
M b SRR & ONATP 2 RFERICHENT 2 Z ENEET, b2, BT oESHE I
BETHEMERF2EEILD D Z N TENIE, BEROESM L AFERkETE S
ZEMBRBENTE,

FAT BAEBEELCETFORRIC L SHEERTFROKE - B

BIEE TOFBRT, B, 7y METOZRXAX—EE L LTATP 8O EHI b
2y RYTICBT SRR TORMIZANVLGIL ST, SMEED ATP biFFOEBREL
ZLLALEEIRFTHEIEEWELMNC L, —F., ATP 1%, HEERICTFEETS S
A = ATPase IZ XV KGRI, ZOZFIAFX—PBRNEIERTZ LidohT
W5, HNEOEBOFSEEIL, OBV > TR RBERAE X b, REARRA
WIS, KEFHO Ca2BER cAMP @ LARABNEELTWB LBMESNTWD, 22
TABETIE, 7y FMEFOEBELZEESSZEHOHHIFEMCRFERE L, BT
OEBMEREFHELELICM EXEIZLEZBENE L, 7, BTHAINVI T AL GV
BEL PR IEHERABDDIAF /=A%, ATP 2E5ERV, HI20VEIEDILEE -
F 7 4 /) —ABi#E-mKRB REEICTRIN L2 B8 OB 7 OEEME I T B 2R
L7 RIS HEFARD cAMP L)L E & S HERF T DR & 2 &AM D 7 F 1 7 dibutyryl
cyclic AMP (dbcAMP)% . ATP i”@‘ifi‘/\ HOENEIEDHB - T T4 ) — R - I
~mKRB RIFHRIZIRN U 72358 O R 7 OEEMER X O EOEEHICRIETRE L,
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Ibiz, 41 F /A4 BEWUNdbeAMP 282 hay KU 7 TOEBREE Y VBRI IZ 5
LTWEDENERRDID, TENODHERF%2 ATP- A 57 1 /—X - JiIF—-mKRB &
BRI L7238 OB FOBRBEEBRICRIETREICOWTHRF L,

ZORER. BOREDAF /) ~A42 > 2 pM) ZHEB - 77 4 /— A + JIEH-mKRB
RIFIRICHSN L7356, BRSO FOEBIMIXET L (R4.A), 7. ATP 28
REFERICA F ) <AV B BRM UGS OFRERTR OB T OESMEX, 14/~ 0%
BMLUTOWRVWROEE OMICIZIFERERZREZIRD N1 o7, 1pM DA F ) <A 2
TINX O @itk OEBMEIT, MBE O RICHE L TEWEEZ R TEARED bivk (&
4.B), dbcAMP %% - 57 1 / —R - §RE-mKRB RN L7254 O BRI # 0
7 OEEMEIL. dbcAMP 2 RV R OMEICHE L THRIEVEZ R L (5. A),
—7, 100 uM dbcAMP %, ATP Z & e¥B - 77 1 /— A + JIEE—mKRB R1E& I HM
LT3 a. oMt & MARS DR T OEBIEIL 43.372.8% LB LEHVMELRL (£5. B),
3 BFMHINE L7 t2 DOEBE, FEOREEE, 3 X UERERIEIX. dbcAMP % #9I0 L TV /WAL
KOMIZHE L THBICEVWVEZER T2 28BN (R14), 14 /=4 vrBk
Ut dbcAMP Z N L7= K OBEFRHEEIX. SBEOMICLE U THERZIRD bl
-7 (X 15),

UEDOFRERL D, 100 pM dbcAMP %, ATP 28488 5 7 1 / —X  Ji#E-mKRB
RAFRICINT 5 &, BEHBREOR LITRO bh2ho e, BE%R X OB aamRg
DREFOEBHEREFERE LA ETAZ LBBOOLNE, ZDZ L%, dbcAMP 2%
FOIbary N7 TOBREH Y VBERIGDOREIZEE L2 DTk, BFHO
cAMP @ LRV Dla EAS, ATP %2533 5% A = ATPase 21&EME(L L, BFERTORBFD
EEREZ(RE S, TORE, MEEOESMCAFEIR LS MBI, DLk
DZEXY, BFOZRXNF—HEETHLIAE, =“RXLX—JFETHD ATP, ILITEFE
BEHALEF D dbeAMP 2 A5 bR TR FRE AW CHEET 5 &, 7 v MET OMBEE
MR B2 Z LR &SN,

FBOE RIFBTOZHERER L UZHBEOTM

AETIL, BIECHBRICHKE « BiR L7z ATP - dbcAMP iR50 SLBE - 57 ¢ ) —Z - Bf
H-mKRB RFKRE AV THA LB FOZREREER X O REE Ol & B\ VSR 258 S
NBTy MEAZHEOWR - ART2ZL2ENE L, £, BIT0T v MES S
B KL OMKA S AEED, Fifif, HDVIXEBBETERVZEEOZRBERLRORAERICR
ETHRBIZOVWTHRIM L, KIZ, RTEE TOERIZBW T, RFEERTIC ATP & dbcAMP
DEENDZLICLVHEEROB FOESMESM ET A LB RENT, ZOREEZRE
25 &, REREH#IZ ATP L dbeAMP 2T 5 Z L2 X V| EATORKFOEEE % 15
fESH, FfEDH D2 WVITEBR T2 AVTZEAZRBICB O THLIIF~ OB TFRARLTHER
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M ECBBAFEMNRD D, 2T, ZHE~D ATP B X O dbcAMP BB A ZIER
ERDEARERIZRITTHEBIZ OV THHRN L, S 61T, FfER X OHBHE-2 A
TTFEAANTEREZITY., TNOBEFOZEEEFHE L7,

ZDOFER, FREET 2BV TRERDOFEC TERASZTHERB L ORAERPBH LR,
BFERAITFEL, 55.5%., BIEAERIL 48.6% TH YV . IVERMIE~DRARIT 22.6% T
bote, —H, THEHIZ ATP 5 X 0 dbcAMP 2N L7284, B EBAINFR, §iEl
R, MR ~DREARIX, FNFH 75.7%. 66.7%. 33.7%TdH Y . ATP - dbcAMP
BIRMX L Z ORERICERRENPRD D (R 6), RIC, BEMAKEF%2 ATP BL O
dbcAMP FINEHIZ THRASZRBE 2TV SR RSB L OMBRM~DORERER L 24,
JRF~ORFRARBD HNB.9%), £, WBRIIK~ORELRD BI/(0.9%), HiE
REFFEAVTFERNALERRBIC L ZETFRICOVWTRI LR, XREXTH 255t
BT 2B LEA. 6 ILH 30T (50%) DIEXE RN 17 ILOEFRFRD b, L,
REBFEAVTHEFEBRELE 27T ELTIBWT, EXAITHER L UOETFEHE LR T
RV (& T,

UEDHERL Y. 7 v MRS T 52 AW FAMEERITIT, SHEE I ATP + dbcAMP
RWMTHLE LS RHEBIURAERM LAND T EBRHLNCENT, i, Hik
BTERVWHEEICENTH, TOFMMEIRED LI, LihL, REEFEZAVEAL
BRBIBWTHEFE2ESTAILIITETOHRY, ZNLDZ b, AIFROREEY
EfL L, SOARIUBETIZLICEY., LVZRARLBTFORERFEENHEE SN
HEREELTVWS,

BOE BIE

7 v MRETFORGRFECHE TS L2 AN, BTHEREROMTE. HrEd
R X=X —FA - GO, B ESHEELETORRIC X 2BRHRFROK
B« BA%, &oi2, REFEFETOZRREBLOZREOTHEERFT L, Bohi-FERR
FELTO®BY ThD,

1. DT 7 N—ANERERIRDDF IR Ty MEFO 1 RBL U2 RFRIBEOELE
LRRDBERERE LT, 77 4/ —AFMIFHE-—mKRB RFR PR L, 2RFRED
HAER#A L LT Equex STM & W R TRIE L BEIR LT,

2. ABOERKREN 323TmM (225 X951, 774 /—A + BIFR-mKRB {REKRICHM
LSRR ESNE LT, S50, TREZREICBTFOIAX—FTHD ATP 25
JAL7=HE@ - 77 4/ — A% - IPE-mKRB (RFREZHEFE L, £/~ Ty PEFIE
WTHERIE, FREDOI har FUTIZRET S LDH-C 12 X » ERRMEPMEHE I,
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ZORER, TREOHEHE L, ERORIENKE VEFOEEBINMERFINS Z L2
Ll L,

3. 7 v METFOHEBREFECIL, =X VXF—JHTHS ATP ZRFRICEML, I5ITHKF
WD cAMP 1BE%Y FR ST 5 EDH D dbeAMP ZRIFHCHEMNT 2 Z L2k v, @i
woEESME, BIXUOEFEOR EICHEZ)7: dbcAMP « ATP - $BE - 57 ¢ /— R « Big
-mKRB RIFRZ BT L7,

4. T v MERERE B VTSR L ORERIRICIE, SRS ATP B X T8 dbcAMP
ERNTAHZLICED ZBRBIUROBRAERENRE LI MEIREZ EEFHLMIL
2o EHIT, A ZRIEHAZRRTHZLICEY, BEEFOZHESM LSS L
BDHEBTHDHZEERLE, LIL, REBTERACEALRBICBWCETFZHEET
B LIETETVARN,

ABRICBW TR ST v MEFEEFRTFERT. THRESED TEWS v MET
EROTEAZE B THADRENRTHY ., 201 s bicgwR IR, AT
BICBWTHHERRERE 25 WRERSH V. 7y MNEEEROMER - RN E LTA
CERTAHLDOEHFIND,
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Figure 1 Photographs of rat sperm acrosomes
stained with FITC-PNA

The sample field of image A was obtained with a laser
confocal microscope. The sample field of image B was
obtained with a fluorescence microscope.

= : Intact acrosome

*===% : Partially damaged

Scale bar = 30um.

Table 1 Effect of raffinose dissolved in distilled, deionised water, PBS or mKRB containing
20% egg yolk on the motility and acrosome integrity of frozen-thawed rat sperm.

— olﬁagﬁr{oast'eon Sperm motility (%) Positr;tt:i::”ing
medium conc (|’\1/|{ ! coﬁgg{on thF;c\;?itr;g acrosome(%)
Distilled, 0 GE 0=0 74 3+2 7

Dﬂ‘;’:ie?’red 0.1 o+o0° . 0+o0 75.6=+2.3
0.2 74.0%+2.0 0=0 76.6+1.3

PBS ) 92 6+23 " E=) 68.3+3 7
0.1 88.3+1.6° 0o=+0 72.0=%+=1.5

0.2 61.6+44" 0=*=0 74.0+3.0

mMKRB 4) 93 3+16 - 60+05" 82 0+15
0.1 90.0+28" 15 6+72" 86.0+=2.0

0.2 78.3+4.4° 46+14"° 83.0+=3.4

Values are mean = SEM (n=3). &P Different superscripts within the same column denote significant differences (P < 0.05).

Table 2 Effect of different concentrations of glycerol (A) and Equex STM (B) added to 0.1 M
raffinose-mKRB egg yolk extender on sperm motility and acrosome integrity.

(A) (B)
. rol Sperm motility (%) Post-thawing Equex STM Sperm motility (%) Post-thawing
" colsclin thpawl ' e - u{".m intact
(%) n ng — %) (%) c n ng )
] 9.0+1.0° 850+1.7" o 11.0+20" 846+24"
1 se6x12" 786+34™ - an
- 1 23.3+6.6 87.0%+1.0
89.3:0.6 y
2 4a6+03" 76.0+30" 89.31+0.6
- . 18 39.3+23° 89.3+0.6"
a 50%1.1 71620
2 be ab
8 1.0%0.5° 71.6+0.8" 28.3+4.4 86.3+0.8

Values are mean = SEM (n=3), respectively. ¢ Different superscripts within the same column denote significant differences (P < 0.05).

—e—Raffinose —M-Trehalose —+—Llactose ——Fructose ——Glucose

Table 3 Effect of different sugars added to the

mKRB-egg yolk extender on sperm motility and %0 1
acrosome integrity. S w0
N—r
Sperm motility (%) Post-thawing 2 20
Sugar intact =
After Post-
. i acrosome(%) g a
g 20 a
Raffinose  91.0%2.0 38.0+4.1" 86.3+0.8" b n a
Q_ -
2] b
Trehalose  91.6%2.0 343+23° 853+08% b
0
Lactose  91.0+2.0 22.6+5.3" 81.3+1.3™ Incubation time (h)
Fructose  91.0%2.0 9.3+0.6° 78.0+1.0% Figure 2 Motility of frozen-thawed sperm which

were frozen in different sugars dissolved in an

c a .

Glucose  91.6%20  7.0+1.0 75.0+2.8 mKRB-egg yolk, and then subjected to a thermal
Values are mean = SEM (n=3). @d Different superscripts within resistance test at 37°C. values are the mean +SEM (n=3).
the same column denote significant differences (P < 0.05). ab Different superscripts within the same column denote significant

differences (P < 0.05).
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100 4

30 -

Sperm motility (%6)

20

100

80

Sperm motility (%)

100 -

Sperm motility (%6)

60 -

40 -

o
o

(A)

[y o =

O, consumption (nmol/min/10 X 108 sperm)

Substrate Substrate
P L P L

free free

After collection

o
o

(A)

O, consumption (nmol/min/10 X 10° sperm)

0 10.7921.58 32.37 43.16 0 10.79 21.58 32.37 43.16

Lactate concentration (mM)

Figure 3 Effect of substrates
in raffinose-mKRB egg yolk
extender with or without
glucose, pyruvate and lactate
on the after collection and
post-thawing sperm
characteristics (A) and
oxygen consumption of after
collected sperm during
incubation at 37°C for 10 min
(B). Indicates C; control, G; glucose,

P; pyruvate, L; lactate. Values are
mean = SEM (n=5), respectively.
Statistical difference (P < 0.05) in
comparisons to control are marked (*).

(B)

Substrate

C -G -P
free

After collection

(B)

Figure 4 Effect of different
concentrations of lactate in
raffinose-mKRB egg yolk
extender on the after
collection and post-thawing
sperm characteristics (A) and
oxygen consumption of after
collected sperm during
incubation at 37°C for 10 min

(B). values are mean *= SEM (n=5),
respectively. Statistical difference (P <

0.05) in comparisons to control are
marked (*).

0 10.79 2158 3237 43.16
Lactate concentration (mM)

After collection Post-thawing

(A)

O, consumption (nmol/min/10 X 108 sperm)

0 0.92 1.85 3.70 5.50 0 0.92 1.85 3.70 5.50
ATP concentration (mM)

After collection

1 (B)

Figure 5 Effect of different
concentrations of ATP in 32.37
mM lactate containing
raffinose-mKRB egg yolk
extender on the after collection
] and post-thawing sperm
characteristics (A) and oxygen
consumption of after collected
sperm during incubation at

37°C for 10 min (B). Vvalues are
mean*=SEM (n=5), respectivaly.
Statistical difference (P < 0.05) in
comparisons to control are marked (*).

0 0.92 1.85 3.70 5.50
ATP concentration (mM)

After collection Post-thawing

After collection

— 306 —



Sperm motility (%)

Curvilinear velocity (um/s)

Sperm motility (%)

—— 0 = 092 -+185 ——3.70 =—5.55(mM) 30 .

40 (A) * * f\n\ (B)
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Figure 6 Effect of different concentrations of ATP in 32.37 mM lactate containing raffinose-mKRB
egg yolk extender on the post-thawing sperm motility (A), straight line velocity (B), curvilinear
velocity (C), and amplitude of lateral head displacement (D) during incubation at 37°C for 3 h.
Values are mean=*+SEM (n=3). Statistical difference (P < 0.05) in comparisons to control are marked (*).
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Figure 7 Effect of presence or absence of lactate in raffinose-mKRB egg yolk extender
on the after collected sperm motility during 3 h incubation at 37°C ( A and C) and oxygen
consumption of after collected sperm during incubation at 37 °C for 5 min (B and D) by

using different concentrations of 2-deoxy-d-glucose (2DG). values are mean = SEM (n=3),
respectively. Statistical differences (P < 0.05) in comparisons to control are marked (*).
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Figure 8 Effect of presence or absence of lactate in raffinose-mKRB egg yolk extender
on the after collected sperm motility during incubation at 37°C for 3 h (A and C) and
oxygen consumption of after collected sperm during incubation at 37°C for 5 min (B and

D) by using different concentrations of sodium oxamate (OX). values are mean + SEM (n=3),
respectively. Statistical differences (P < 0.05) in comparisons to control are marked (*). Measurement was carried out
using the same sperm as used in figure 7, respectively.

(D)

Figure 9 Representative patterns of rat sperm movement which were extended in the presence
(A) or absence (B and C) of lactate in raffinose-mKRB egg yolk solution. In D, sperm was
incubated at 37°C for 3 h in the lactate containing solution. Panels a to | indicate the turn. Scale
bars = 50um
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Figure 10 Immunofluorescent localization
of LDH-C to the mitochondria of the rat

sperm using goat-anti polyclonal antibody.
The head of sperm was identified by staining with 4’,6-
diamino-2-phenylindole (DAPI). The mitochondria of
sperm was identified by labeling with Mito Tracker Red
CMXRos. (A) Merged images of DAPI with FITC. (B)
Merged images of DAPI, FITC, and Mito Tracker. Scale
bar = 50um.

Table 4 Effect of different concentrations of ionomycin in lactate-raffinose mKRB egg yolk extender
with (A) or without ATP (B) on the motility and acrosome integrity of frozen-thawed rat sperm.

(A) (B)
. Sperm motility (%) ATP+ Sperm motility (%)
lonomycine .
(1t M) After Post- lonomycine After Post-
collection thawing (1 M) collection thawing
0 75.0+40 23.6*45 0 73.9+80 314+36
0.5 72.5*6.1 16.83.3 0.5 78.9+24 31.9+47
1 71.5+6.8 225+14 1 77.4+02 359+17
1.5 67.8+56 136*+24 1.5 71.2+99 254+24
2 58.2+153 10.9+5.0 = 76.6+29 276+73

Values are mean = SEM (n=3), respectively.

Table 5 Effect of different concentrations of dbcAMP in lactate-raffinose mKRB egg yolk extender
with (A) or without ATP (B) on the motility and acrosome integrity of frozen-thawed rat sperm.

(A)
Sperm motility (%) ATP+ Sperm motility (%) Post-thawing
(M) er ost- (2 M) er ost- (%)
collection thawing u collection thawing acrosome (%
0 60.1+48 17.0+21 0 63.3+9.1 285+8.3 76.0+7.8
100 546+6.8 102+1.7* 100 80.0+58 433+28 77.7+8.2
200 s530+22* 157+20 200 71.4+10.7 349+33 76.9+4.6
300 448+11* 99+16* 300 525+151 29.0+3.8 71.4+8.0
400 425+69* 10.3+22* 400 296+99* 141+09* 69.3+7.1

Values are mean = SEM (n=3), respectively. Statistical difference (P < 0.05) in comparisons to control are marked (*).
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Figure 14 Effect of different concentrations of dbcAMP in ATP and lactate containing raffinose-
mMKRB egg yolk extender on the post-thawing sperm motility (A), straight line velocity (B),

curvilinear velocity (C), and amplitude of lateral head displacement (D) during incubation at 37°C
for 3 h. values are mean = SEM (n=3). Statistical difference (P < 0.05) in comparisons to control are marked (*).
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Figure 15 Effect of dbcAMP in ATP and lactate containing raffinose-mKRB egg yolk extender

on the oxygen consumption of sperm after collection during incubation at 37°C for 10 min.
Values are mean = SEM (n=3).
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Ty NMIBEEREETTIOREETINEL TRIHINSIEE
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T TAHAHRETIE., Ty MEFHRBERFZEORRB EHBHETICK
HNLIEM RN ZIEEIN O Z BN E U TERZfT- /2.

TR, (1) MHAD T Y b—AIMBERERITRD D H -
2Ty MEFDOILR, BLO2RFERKEL T, I 74/ —X - 50
BEIED LT R-1) 2 J—EREEHK (modified Krebs-Ringer
Bicarbonate ; mKRB) fR7EHEZ BFE L . 2R FFIK & L TEquex STM
EEELEZ. (2) 9y METOIRIVF—FHEARKICER L.
HEZRMUTZ5 T 4 ) — A - IIE-mKRBEFERERELE LT,
I, INERIIETFOIRINF—RETHDATPEHRMLUZH
Be - 574 /) —R - B —mKRBFEEFHRZEFEL7-. (3) BT
EIEELERZE T 52WEICERBL. B TFHROAMPREZ k
REEDHRD B 2dbcAMPZHM L 72dbcAMP « ATP « ZLER - 5
T4/ —2A - IiE —mKRBREFHEBERE LZ. (4) Tv NFfE
BT EH W ENAZER I TEEERICB N T, ATPSB L UdbcAMP
EHRIMUZZHEEHZRRFEL . PEROGERICHBL T, S0naziE
REFOFBERZED ZERFRICLEZ, S50, HEREET
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HDIEZFEH LTz,
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