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= Abstract =

It has been reported that the Ca**-ATPase and the Ca**-Na' exchanger play an important role
for the regulation of intracellular Ca® in somatic cells, the Ca*-ATPase located in the plasma
membrane helps the Ca® concentration in maintain low [Ca*}. Roldan & Fleming reported that
the spermatozoan Ca**-ATPase plays an important role in the capacitation and acrosome reaction.
We used to assess Ca’* changes by chlortetracycline (CTC) patterns in the capacitation and
acrosome reaction of human and hamster spermatozoa.

In the present study applying quercetin which has been known as an ATPase antagonist, the
enzymatic effect of Ca”-ATPase on capacitation and acrosome reaction was found to be
remarkable: a significant increase of the transformation from the original type to the B type and
the AR type of spermatozoa. This finding suggests that Ca®*-ATPase play an important role in
the efflux and the influx of the Ca®* which have been known to be an essential factor for the
capacitation and acrosome reaction, and that the inhibitory action of the Ca”-ATPase might be a
prerequsit step toward the capacitation and acrosome reaction.

In conclusion, this study suggest the considerable evidence as follows: the increment of the
intracellular Ca™* concentration occurred by controlling the slope of Ca™ concentration through
Ca’*-ATPase activites in both the intracellular and extracellulr fluid may be important procedures

for the capacitation and the acrosome reaction, and finally for fertilization of the sperm and
ovum.
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W23l (internalization)7} B @ 3ttk 4eA e
ol A7 Aol tigt AN HXW, 9 Ca¥
27t AT FAo |27 4EE vE
N F, $3F A5AF MM e B %9
< B8E 3 FA N, AAukgn £33y
AEH B ¥ Ca'e e R dvtn Hay
Row aw BHjEE ZAER ute] Wl &
ol 383 &L 3= Aoz gt (Fraser
1987). =& Aol $EA =, AH =Y H9F
o BAANN EFAHS BolAY dAte Euo
2 BH37] HelME & e g drta ¢
I 9+ (Yanagimachi, 1982), 4% & A=}
Adle vtEA AN a3 45 3
< AAoket sted ol ME) Ca™ol
< FAAA AR S dov)A dn
Ha gon, & 44 2w Ca*o] A
A & wjR o A ¥ FAI7 T} Ca*o] HItE
A v AR A &H o2 Ca*ol HrtE
i FEHoRw £HFHE 5 Evdn B
35 31 91t} (Yanagimachi, 1982).

ol & A X, ¢ Ca* FETFHjE w9
o FETulrt 27| Kol Ca-ATPase9}
Ca™-Na'exchanger7} 4] ZU) Ca¥* %ol 2.3 7]
€ dtn e 53] Ca*-ATPased] 7| %
o &l & A7t BAzm e} Ca¥*-ATPase
£ AAXE (somatic cell)o] 4] A Eute) 9 x|8t1
Qom Ca'g MENRE WEite 715S T
EA AEYR CMEEE WA RAT F AR
% 3 7% g9sn did 479 FA2
W3z P Qo)A Ca-ATPase FAE 23
A7E BAE FARAL I 4% GEATLo]
FolAl = AHE 2 n|fo] & o Ca-ATPase 58
g Q&E dte A2 UYERc) (Fraser & Mc-
Dermott, 1992).

. 2492 chlortetracycline fluorescence &4
(Ward & Storey, 1984)2- o] &3} A7t 48 &
7] 18 71549 Seo) a3} wAY Watet
Qrh} Q@] Erte TR, 0|2 Ca
o 270] 9y AT} F2AR CP*-ATPasest
& olm e ARAe] Slom CIC ¥Ad] Yo} A}
B3k W2E Abole] F (species)el] TE 2ol ol
AE7HE FohunA .
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W E Tyrode's solutiond]] 1.8 mM CaCh2 3
JEA A s 2 AFEEIHA T} (Roldan et al., 1986).
Calcium-deficient medium< CaCl,& H7}A|7]A|
&1 HET EA st Fn| g Ca¥ (20 pl o] )
& mAsk 2FAch WA FREGE 280
mosmol/kgZ ZA 31 pH 7.5~8% X3t A}
43t 1.8 mM Ca* 5= §94& TEY] A8l
22.5 mM CaCl; stock solutiong WHE F 230 ul
Calcium-deficient mediumdl] stock solution 20 pl&

H7heted BERt
M2

Abgel 2 072 FAAAN F5& 3
A& F WHOS| 7)Ed| W} g & 2Abska] A}
4359t} 4 L mini-percoll gradients (Ord et al,
1990)& AH&-3te] A3t A 2olM SEFt
600 goll A A £l F 4542 AAst AA
o A2 WAE Holste] Al A E2A
2 F oA HiRE "I F 5% CO, 37Tl A
A del b swimup AZATH AAEEE
haemocytometerZ ©] 83t} 5x10°%mlz =% 8%
T oFA Ae BAY 5L WA 80% o3
& YTk Y2E FRE P LA 2o
AR FEE 9 3.5x107/mlZ =439t}

Chlortetracycline &3

Z79H S Ward & Storey (1984)¢] 32 W
FA7 ALEeeh CIC 92 buffer (130 mM
NaCl, 5 mM cysteine, 20 mM Tris-HC, pH 7.8)<]]
750 umol CTCE o] ZH|3lx 10T, Y4 olA
B#H F ALY, A 294 7] 23 slide glass
o 10 8 YA ATl CTC £ S Y7 2 &
e & P NHo R 12.5% paraformaldehydeZ
0.8 Wl ¥ T 2 E§A 71t} Glycerol: PBS (9:1)
o] =91 0.22 mM 1,4,-diazabycyclo[2.2.2]-octane F
Weg golmy 2 48 & cover glassE G
mounting 7] F 22} BRSAY Yol B
Z FA3l9. g n] 732 phase contrast®} epicfluo-
rescence’} A2 Olympus BHS &vjdo= #
Z&l9 o). Hg excitation beam-2 405 nm band pass
filterZ X|\} 32 CTC fluorescence emission-& DM 455
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dichroic mirror& 3] #&3atg ).

Z}z}ko] sampleo] A 20074 2] AolglE AAS #
Fato] 37 2 7)) At ERIAC
Fe F5d 433 33 gu e Aoz ¢
BEY5°] dojuA Lz HAV FASF AR
£ vehia, BE F£3A 39| fluorescence-
free band7} UElYE Ao g £3RIEL 31y
ATt AA L 4A g F Aol L, 'AR'S TRl A
o BFe ua YA FE AOZ FHFHEL
AT HA G dojt A Fom BRI
t} (DasGupta & Fraser, 1991).

FITC-PSA =

Fluorescein isothiocyanate-conjugated Pisum Sa-
tivum agglutinin (PSA) stock &2 0.1 mg/ml=
ThE o} microcentrifuge tubesol] B33 3 Wi}
o 20CAA Rastgt.

PSAE S & FAHEHL 600 g, 5 minF<H
AAEYA F HAHE P E ethanol 50
2 oA AEAY. o] detele 4TelA 30
ming- ¢ W AFA 7 F slide glassol] 10 s 21
Sted dojmd $ A Lox A2zAZAT. of 7]
PSAG-SY 5 pE D73 slideE Aolr BA3}
At 127 B 3 slidel= Anal water2 o 219
FAT F A 4T LholM EHE F DABCO
THheS WT & cover glassE ¥ 1 A oh
Hg excitation 9= 450~490 nm= % 3} 312 FITC
fluorescence emission& RKP 510 beam splitting
mirrorE A}-&-31 T,

SAIMz|

Cochran's test (Snedecor & Cochran, 1980)} stu-

dent's t-testZ o] £5}o] EAl5l9
o] &kl A Fodol e A2
z a}

HEzSl Ca™ FEof wE +E5HS F
gt

—

0lo

AAdEAd 2 1.8 mM Tyrode's solution®} 3.6
mM Tyrode's solutionol| A 3 hrss-<F vfFAlZl &=
CTC 23 o= ARFHES DEsI¥tt 1.8 mM
Tyrode's solutionol] A 8] %FA1Z] 743~ B 2] A E
= 60~70L3 | HuFAE Kol 1 o] Fof
© & W3tE HolA = wskth ARE 2 708 o)
Tz A& F7AE B e ol e A=
WebA Ehe QwAe Sgow 4z
(Yanagimachi, 1982; Roldan & Fleming, 1989). 3.6
mM Tyrode's solutiono) A & 60~70%-2 = F&) 4]
B o] A¥= #HAiste vhde] ARE-E 1.8 mM
Tyrode's solution®} ¥ s3] FA 3] Absst= A
< BEE F AU (p<0.05). o] & A= 5
e 5cl ol A2 Cavert F2F o
T2 3ta Y& HoF 1 A} (Table 1).

Calcium-deficient mediumol|A{ 2] =X & =

An

A A& B & Calcium-deficient medium3} 1.8
mM Tyrode's solutionol] 4 ¥j kA Z & 3¢ BE-&
WREE Holx| ghert ARE 2 180% v FA 7
£ 7% 1.8 mM Tyrode's solutionol A} 8-}z o] &
32 A2 & 4 AU (p<0.05). Fraser (1987)¢)]
w2W YRS Ca™ol wiAl P wix] oA H) FA]F
o} 1.8 mM Ca™ g 2ol A Auj kA1 7 §- Ca™*o
Z3E A oA A&A o2 WA AS-Ert

Table 1. Chlortetracycline (CTC) fluorescence patterns in human sperm suspensions incubated in vitro for 3 hrs

in medium containing either 1.8 mM or 3.6 mM Ca**/L

(mean+S. D)
B type (%) AR type (%)
Incubation time
1.8 mM 3.6 mM 1.8 mM 3.6 mM
30 mins 13.5+1.3 16.5+1.0 14.0+2.2 233+3.0
60 mins 18.8+1.0 205+13 21.5£13 4434+25°
120 mins 10.8+1.3 115%2.6 32.8+21 47.0x3.6
180 mins 8.5+13 73+13 355424 47.0£1.8

a: value with the superscript 'a' differ significantiy (p<0.05), compared with corresponding 1.8 mM Ca™*

suspensions.
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Table 2. Chlortetracycllne (CTC) ﬂuorescence patterns in human sperm suspensions incubated for 3hrs in medi-

um without (Ca™) and with 1.8 mM Ca>/L

(mean=£S. D)
B type (%) AR type (%)
Incubation time > 2 »
-Ca™* +Ca" Ca" +Ca
30 mins 12.0+1.2 125+20 145+21 14.0£2.2
60 mins 10.0+0.8 155+41 163122 21.8+1.0
120 mins 85+24 11.3+1.7 13.0+£3.2 320+14
180 mins 75+1.0 11.0+0.8 13.8+2.5 36.3+1.0°

a: value with the superscript 'a’ differ significantiy (p<0.05), compared with corresponding-Ca”* suspensions.

Table 3. Acrosomal status m human sperm suspensions incubated for 20 hrs in calcium -deficient medium and
then receving 1.8 mM Ca™/L and then evaluated with FITC-PSA

(mean+S. D)

Incubation time No. of samples

Acrosome loss (%) Acrosome intact (%)

5 hrs + Ca™ 10
5 hrs — Ca* 10
20 hrs + Ca* 10
20 hrs - Ca* 10

6.7+0.6 88.7+1.5
72426 87.6+1.8
13.5+3.8 70.9+3.4°
91+14 852+2.1°

Values with different subscripts denote significantly difference (p<0.05)

AREEZL F7A3] ZolEva Rustn 9w
 AAXE fARE 2948 92 + dan
(Table 2).
FITC-PSAE ©] &8 =4 A& Ca L A )3}
4 sle FA7t Frtete A
CTC 233 22 43S BRI oy A8
Aol E CIC F3 3 vlaste] 4oz e ¥
A debev §92< 2o) & Holx &= %t
BE 7 ARE BRFA CTC 3 HoE % o
2 YERT 53] BE A9 F9782) Ao
(p<0.05)E & 4= AU QA E=H capacitation FEj & F
Hohe Aol o 2 whE o] o} (Table 3).

Quercetin (Ca>*-ATPase inhibitor) ZRIA| &

< BF 2%

olr
Job
Jn

DMSO®] 20 mM/L quercetin (Sigma Chemical
Co)S = stock dL ThtE 3, DMSO' 0.9%
NaCl (1:1)2 41o] 10 mM/LE FAA|7] & B=
St YER AT ALES AT Aol ALE-5)7)
95l DMSO: 0.9% NaCl-S o} &3} 5, 2.5 mM
substock §-9]-& TET}. o 7] quercetin ¥ %7}
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200, 100, 50 pmol/LE HE2 AXAEA (1/50
dilution)Z H7}gd}. iz 7% DMSO 5%
7F 1%7t =5 gt 5 hrs 2 3 F sample 2 3]
st BNk Al AAe] A9 AANS (AR
By 3 s o) F FAHQA T} (p<0.05)F #F
& 5 33 BE, ARE EF diAH o= v
F3hsE AFHAM KA HE AL T F
A=l o2 g Walhe £ TS 9o Ca™
of ANJAAEM T2 4L st A7 A
FE T} (Table 4).

Quercetin® A Ate] EEAHode AotE 4TS
FA e ¥ A2 v wate] W Fx7|dE
TE/d 0] Thar Yol E RA T AFAIZEe] v Fe o
£ X 3 (White et al., 1990)9} v} R71X) 2 254
= AsfstAant.

PY2E o A= vk A 2 FAEe] 5
AR z71 fro A Zol7t YA = S e
W 3~4 hrso] BapatA HA ko Tr/lx—i‘ﬂ
F7He Bk 22y *EAde A A Ake
PRIZEA 2 g Q¥ 7 AR = e AR
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Table 4. Chlortetracycline pattern (B type) in human sperm suspensions incubated for 5 hrs in different con-

centrations of quercetin

(mean=+S. D)
Incubation time
Group
1 hr 2 hrs 3 hrs 4 hrs 5 hrs

Control 48+15 103+1.0 12.0+14 85+4.4 22.0+34

50 ut 11.0+0.8 17.8+1.0 21.0+0.8 25014 325+1.3
100 ul 13.54-0.6 205429 26.84+2.1 293417 37.8+2.5
200 ul 16.3+1.0 243419 31.8+15 33.8+25 42.6+2.9

The treatment with guercetin result in significant differences (p<0.05) since 3 hrs after incubation,

compared with control group.

Table 5. The comparison of chlortetracycline pattern (AR type) and fluorescein isothiocyanate-conjugated
Pisum Sativum agglutinin (FITC-PSA) assessments in human and hamster sperm suspensions incubated for

Shrs in different concentrations of quercetin

(mean+S. D)
FITC-PSA CTC
Group
Human Hamster Human Hamster

Control 223+35 27.2+18 250+1.8 30.2+3.3

50 ul 27.8+2.1 29.5+2.1 31.3+1.7 292+12
100 w 323417 37.0+22 3434127 40.7-+2.1
200 wl 403+1.7 46.1+1.8 42.4+42 47.1+6.2

The treatment with guercetin result in significant differences (p<0.05), compared with control group.
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Dok 29 Be £A2 YA 92 B of
o=

Hs SN ve B9TE] Ladn
o el HelHoleke Bag sn Aok 23
A 2 AY) ANz B uﬂ 4% 9% F2
Ca9] f4o) L AR ol FlA T U2
A F Wyl +4% 4T FPozd ARS

Festn FANEE AT e A e o
2 AARESY 4843 2 ZH4= vEgy
(Aitken et al., 1984; Fraser & McDermott, 1992).

Ca®*e] 847N E= Ca™-ATPases} Ca™*-Na'
exchangers7} £ 7| %S @36ls ACE By
%3 gtk Ca™-ATPasex A X9 43 Aute] 9
Aei Qx Cag METo RN A TR Ca
TEE WA fAstEY o3 98 @ A
AA| ZAE Ca™*-ATPase?} Ca* s =5 W34 7
FHTYFN T2 7S Foa LA Y
t} (Roldan & Fleming, 1989). £ A & |\ & Ca™*-
ATPase antagonist$] querceting A}-8-3}o] Ca*-AT-
Paser} 4% A5 MAE dBL A2 g
T (species)?] AHE3 P2 E did ez #ds}
1.

Quercetin 50~200 pmol/Le] FXE oA BE 3}
ARG .28l §97Ql Z7b} BAHYEw o
28 ke Ca-ATPaserl 45 =327 4

Aurgol Qo] E2F AR Cael &7
o 28 715 % $3 9e FeA do
™ Ca™-ATPase 71 5% A eHAI71 & 24 o] ALgtat
Y28 A 25 Qo] ARG FaF 4
94 gARE A2 PN Ak o)A A
of HEw $4% 952 At a2
Sho] Ca-ATPasee] BHE Z7HA171E Aoz @
2 A $h= (Fraser, 1984) & ’“aéﬁri n] Fo]
o} ojeig ANAAE AN Ag Ca
ATPasc7} B 2hslo] A CH5EE ¥
FANA 9% A5AHeR WA ABE Y
o9 ZAeg #dHth F, Ca pumpE 83}

+ Ca™-ATPase7} Caz*igoﬂ Z28% 71%< s
1315& R 7‘”‘"1 BAre] Aol Fag

D}ﬁ]i Z2835h= h:]— Quercetmf Ca”-ATPase

W ggoR BEn HATR FHA A
Ao 24 —r;ﬁ’o‘ g5 OC]TE I & 4 9
& Aoltt.

AEHOE Ca*-ATPases A Z], ¢ Ca™ ¢
FETHE 2T RN ATY Cae BEE
TIHA At $R 5 HERY o vy A

=S Frdta, YAk a3 9% o
e Aoz #dHy, Ald SAAAY AE9
Cs =7t B §A8 A Sole AR FAw
Lo Frsuen v goldA £ T
F Je B0 AFTE & vk A58 B
B AgoA g3 Al ek F2E A BT
9]o] CTC &% 3} FITC-PSA &3 Al A 3814
AA o] LoikAY FA Tgol 94_01»};4 %
ARG AL 71 Aol M & 5% &
2ol 7t A ERIA @gtent AR n&%o] Qo
3 & BY oM E FA4e ol E B
3 & 9ol oA PSAZE AAZIA Rl
Agste vyehe S71dA17F CTC SR 5o 7
=9 FolZ FX4e] ot Yehte Ao
Aggoh
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