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= Abstract =

This study was designed to determine the relationship between sperm acrosome reaction
following ionophore challenge(ARIC) and hamster ovum sperm penetration assay(SPA) as
assessment of fertilizing capacity of male.

ARIC test and SPA were performed in 23 fertile and 19 subfertile men.

The results were as follows; Sperm concentration was significantly higher in fertile group
compared with subfertile group : 114.6+64.40 vs 61.3 +46.50x10°/ml. However, there were no
significantly differences in seminal volume, motility and motility index, respectively. There was
a significantly correlation between spontaneous and induced AR in fertile and subfertile group,
respectively. ARIC value was significantly higher in fertile group, compared with subfertile
group: 12.01+5.57% vs 2.62-4.96%. Both Penetration rate(PR) and Penetration index(PI) were
significantly higher in fertile group, compared with subfertile group: 97.4+£7.40% vs 64.9136.
20% and 544288 vs 1.5%1.47, respectively. The Positive predictive value(PPV), Negative
predictive value(NPV), sensitivity and specificity of ARIC test (cut-off : 8.5) and SPA(PI cut-off :
3.0) in predicting fertility were 95.0%, 81.8%, 82.6%, 94.7% and 95.2%, 85.7%, 87.0% and 94.7%,
respectively. There was no significantly difference in predicting fertility between ARIC test and
SPA.

In conclusion, ARIC test was shown to have a predictive value for fertilizing capacity
comparable to that of the hamster ovum sperm penetration assay. Therefore, ARIC test may be a
simple and cost-effective addition to existing semenology instead of SPA.

Key Words: acrosome reaction/ARIC/SPA/fertilizing capacity/predicting fertility.
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N B

T o)A 224 (micromanipulation)e] WM o
2 4 GHEY A8 QlolM E71HN &
77 et E 3 ik a8y G EY ] AU
B EAGLE o] drAEY 8 gER o
5L YA T oA 7R = ] Fg Aol

A Alsemen analysisy= 2 :;7)1ZF FA 9
RAATHRRE AT 7 2AAE g AHEFHo
ot BEAHA FYHA 2P E Ro|A T A
A 54 2EE Ad FAlo glolME Hd
AAEe 2 Bl dS Fohy: AL &L
53 Aol

olf 3 EAFoR A3 AR Ji5§
Brrste WHEC dWFEHA oy,
Yanagimachis-(1976\1)2 A7+ ztel 7154 &
AEE Hr3le $Y 3 human sperm zona
free hamster ova penetration assay(SPAYE- 7j 3}
ot O F o AFAE 93 SPAY 9184
(falsc-negative) A7 X SH AT He JZE
E AdEE iR 4% Y 23E &
ol A HAEE It AIE Ay
Eo] d7go we} HAle] JEEE Folz gl
th(Aiken et al, 1984; Rogers, 1985; Hirsch et al.,
1986; McClure et al, 1990; AXE %, 1991).
2} SPAE Al A Auliert o
(Johnson et al,, 1990), WAE] Walo] AEFH A%
o] Ao J)Fol FiEE ¢dE AYa
A

QLA FAA T4 5 Y S (capacitation) 2
# A¥t-2(acrosome reaction)ol Bt UHL W3
HA L AR dA%Y FHFHE FodH
Hrh(Bedford, 1983). Ao HAH-S&-S Ut
A Aok A3 = G ¥ Y
A giByrd and Wolf, 1986), oocyte-cumulus
complex(Stock et al., 19891} 3£ <l(Zaneveld et
al, 1991)3} 22 AAEE Fatolx &5k
F7rE 9, AAMF 2189 A BHs-&
(spontaneous reaction rate)¥} W]il3}e] Aajz =}
ZAol o8] oprls+= Wh-$-&(induced reaction
rae)Y =9 Zolrt AAke 7% Hrtel ol F
8% Yn|E Zrerh(Tesark, 1989). A& 9
HAEYS A9 A A AAng
LA i v A o, o)H Ay

2 A 74 52 wHez 38t
(Calvo et al., 1989).

olo] mat &g AFAEY 3 FF FH9
A 2420 AR AN s AF =4
ato] Azte] FANE Az At A& 4
Tae S Yol e Yo
&) 2853 UrHCummins et al, 1991; Fenichel
et al., 1991; Pampiglione et al., 1993; Henkel ¢t al,,
1993).

B a7E B8 2959 AdH FF AA9
Ao} AAPPYS HAFRE A% EHoE 719
dAT AYFEA AEe EE BAYGETE
ddez A HANE FEAAY  calcium
ionophored]] ¥Fg-8tof LehLtE kel HA NS
(acrosome reaction following ionophore challege :9]
3} ARIC, Cummins et al, 1991) A =& ZA}sto
SPAS}e] AJadA 9 A A AAE BA
o R4 FEAE et A AAFAT

Chat o
chet

£ a7 J2 1d ol 94 w3t
oA YA FEe] gl dd 1883 B
A AGTFR AER A= A4Fo] Y5E
4 59 % 3% JH(fertile) FAHT o2, 4
BHE AU AFA AEAVF-EDA dak 9
Ao 71AHA @& 54 AW 997 357]0]
4 50%0)ate] Az £A3E&E vEz 9
of A9g 108 F 1938 & &Y (subfertile) G
o2 Aejste] A7 Ao & ddch

2. ol wiy

(1) SPA

SPAS] Al8 WY& o|n] B woA 2R
vte} 2o(FEY %, 1990, AZA & FEH,
1990; 2187 5, 1990).

1) Xt e

AHE AAE A4 3083 LSk o
se A9 F AR E FH3re] Makler counting
chamberE o] &3t} Ao Fk, ¥4, AE
) 2=(motility index, MI) 58] Quba 9l A oh71A}
g AlgstAeh. Axpe] AEAFE o] 811(1984)
o] AR AEAF ZHFANA FA] £FH
(kinetics) 7} &g (motility}& ©]-8-3to] 73T

i

50}
4 M

>
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a7 3 AL Este SPAR-E Ntris
(hyfroxymethyl)methyl-2-aminoethane sulfonic acid
(TES) 211mM, hydroxymethyl aminomethane(Tris)
96mM, dextrose 11mM, 1% penicillin-streptomycin
| Aol 20% A A B3 (hen's egg yolk)S H7}
3} 3. pH 7.4, osmolarity 290-320mOsm/kg o 2 =%
A3 TEST-yolk buffer(TYB)9} & #H] 1:132 A A
3 BT o EFAL WFTAA 407A
AAB WANA 2N TG ALudar] 4
A9 £A4%He] IS B 1 F A
TYB E3194-8 03% HSAS /3= 37T9
Ham's F-10 3m = £%3}o] 600 GE 587F 94
2t Axde AASn @e Ax
(sperm pellet)ol] 0.3% HSAS ¥-f3l Ham's F-
10 13 Z%3}e] 300 GE 1087 23 94 %
Jath o F 3FAL thal AR Be B
247 o 1.0% HSAS 33 Ham's F-10 0.5-1ml &
F7}et 1.5-2A1 7k 5 <t swim-up A] 71T}

2) SHOH MA WAE xie] Fu|

BF 121638 ¢ B2HE o2 s
FRES Adstel 53T AA B8 WS
FH . P2 E v 124200 H ool 2

E=EANTH B H3AL F estrus F7)
A 14# PMSG 35IUE E7}F W2 FAsHa,
estrusF7] A 34A 9%, hCG 35 [UE E7}
W= FAbsto] Fuj g FEFh hCG Fof 15-
16X & 7A=Y (cervical dislocation) 2. 2
2B E AN, 5FE ol &4, dH
R ATE =E3AA AREAS AAT F ¢
@S AAse] 03% HSAZ FHd
Phosphate Buffered Saline(PBS)o] &1 vk A
of Ho} YA §7 F AA A¥A Hol A
GAYYRE ddgdozRn G (cumulus
complex)7} EF#UeA ot drAE 01%
hyaluronidase S ¥ 331 PBS (+0.3% HSA)o| A 5
P E AA3, 33 AAF F 0.1% trypsin
X838k PBS (+0.3% HSA)I A Yl E AA3
3L A 33] A H gt

3) =3

152712k swim-upA| 7] AAE i F A &
T4 AT 1x10%ni0] HEE "] 37T,
5% CO, v} 7] Wl A sample™d 107) ojiFe] &
g AA d2E A9 0.3% HSAS ot
Ham's F-100] A} 3.5A] 3% v Fato] =4 A 71

4 DH, AN o BE

A F 9T H5a] 44T WMoz
38) Aol warel HhebA ¥ AAEL
AAZ F, Eol= $oll A% (5-10u)¢] vi<F
A3} A FAHE £70t}. Cover slip 9] ] 2ol
279 vaseline-paraffin T3 48 Hu &t
sol e ¥ AARIACZ BAHUA A
7t EHR] GEE 254 - cover slip
g Foolzel Ferh Pel=g nRY
(methanol:acetic acid =3:1)9] ¥ o] 24A|17F o] 11
A A7 & 0.25% acetic lacmoidZ @G M3} A
A@T 7 x1,000 W &slA Fake] @y A
% ong BAw. ol AAte TR} REY
At FA A3 (male pronucleus)o] Boly G
Ao} W (ail)7t G AEZ WA AEd
g A7 GAE ARE AoE 7Fgth B
£ ool A Axe) A AF ARE WA AFE
(penetration rate, ©] 3} PRe} & : AX}7F 37
FAFR SR F/FAND F IR E G
A} ZF A X (penetration index, ©|3} PIg} ¥ 3
Ak 5 1 $AAD F 9A P2A

o
=

=8 %
el

(2) Ionophore Challenge

1) Stock solution2| X|=

Calcium ionophore A23187(Sigma) 1.0mg&
38241 ¢] dimethyl sulfoxide(DMSO)d)| o HF
X% S5SmM/L stock solutionS- A|Z & 20uR &
Z3to] ol el AA] 20T BAIT A}
£ 3 B3 204 9 stock solutiondl] 4.98ml 2]
Ham's F-10& H7}ste] & 5% 20 pM/LY A
2318744 AXsn WETLLE 4.98m 9
Ham's F-10¢]] DMSO 20 & & 713} £ A8 FH]
3}

Fluorescein isothiocyanate(FITC)-conjugated
Pisum sativum lectinPSA: L 0770, Sigma)s
ultrapure water2 Img/ml 9] FT & ZFH3I T
100 RBFste] dulgsde A 20T
AHEA] AR BT AL 96 RFE PSA
£ o1.g ultrapure water2 3|4 (1:9)sle] HF &
T 100pg/m 2 2733 F 4T BATL

2) Ionophore Challenge

ol 5ty A NS Sml Ham's F-10 (+0.3% HSA)S.
2 gAg & A EY (600 G, Smin)E It A
Zol8 A A3 3ml Ham's F-10 (+0.3% HSA)L.
2 343 & 23 YAEE (300 G, 10min)E 3}
3 AEAE AAT F pelletFE a3t A3
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<}2] Ham's F-10 (+1.0% HSA)C. 2 34§ & 14
3t swim-up A1t} Swim-up ¥ JE o] Az} §
TS ek, AR FATIES A3 24
7t B¢t 37C, 5% CO, incubatorol| A =7} v k3t
oY F AR FRYe BEsd 44 5%
o] 20 pM/L A231878-A(HF == 10 pM/L)T
DMSOg-<j o2 34 3to 3087} 37C, 5% CO,
incubatorol| A} uj%3tt}. 2} sample 5004 & H) <}
3 30044 2] 80% Percoll density gradient medium 2}
SRR AvA 28] ¥ 5 94EE (600 G,
15min)E @} 335 H& 2 A 82 sperm pelletS-
504 €] 95% ethanol® B A1 8k & 400 A 30871
R Lig= 3

3) Lectin Staining % ZE

T4 F U pipeting 0 2 F EFD HARH
A 2% seol=ol FA AL F AR A
A ] 8}o] ethanold 2wA}zlt). FITC-PSA
(100g/ml) 204l & S0l = S0 BFo] o] &
% 47 moist chambero} A} 1587 A7t} =
For2 g49E¢ AANL FAAD F cover
glassE Qo] HF @A ol A xRt A
4 AERE AU 7729 guolmoA 2z}
2007] oo} FAE BEEHATG. AR FH A
A7 A=A gAY, MALEd FAYE
E A AR ALty BARA7 933 ¢
¥ 7, A 5ri(equatorial segment)i-$} H A7}
AT FARA FEHoR d48 7, A
Sy F-¢jvto] g9 A F oM FA4H
¢l Fauj(zona pellucida) E3 @ gt
(colemma)Fo]  F-3tel 7beg  H AUl Y(inner
acrosomal membrame)o] =557 243 HEy
E Ad A=Y R 948 AR
(Yanagimachi, 1981)¢} v} &= ZF3} A23187
A Aol A& (%)E AN A
231879 ¥hg3Ee HANEE UEdE + Y&
AxLe] A E(ARIC value):= A23187 A &]¢] 3
) 4+-2-&-(induced ‘acrosome reaction rates)¥ T
9] #Aik-8-8(spontaneous acrosome reaction
rates)®] Xpo]2A Ab4 Pk BR whgo) 2y
7359l A counting 7PAAF 02 Q18] A231874 &)
T Bk dz2FdA FAugge] B4 ey
th o] 5 A5l ARICE] &4 (negative)2] Z 7}
24 ARIC valueE 022 97}8rHCummins
et al;1991).

& S3 Azl

Student's t-testE A}-&3t] §A Az £ F9
A AREL stg e, p<0.058 EATHoE &
A% Aolrt Yv ALZ FEAT 4FHA
o] BAolr= 37 2 A(linear regression)d} 4
¥ A9 (comelation coefficient)& ©}-8-3} %3 o}

(@) SPA2R} ARIC teste] HMX =H ol chst
ofl 74 x|

Zt AAg e AApe] AA 58 gAd g ¢
A JAEE gobry] 93}, receiver-operator-
characteristic(ROC) curves& ©]-&3te] A=} 2+
o A UERFE SPAL] PISF ARIC teste] ARIC
value® 71EoR 244 F£XHMe U7g%
(sensitivity) 9} 9] %Al (false positive: 1-specificity)d
& graph ol A vlmEtch HA A F .
439 d@Ade glof 45° line graphE VFEME
HAAPE S QA e Ao E BAHY, 717
57 B3 994 o] e AL cut-off valuesE
ZA A} & APl o8] 714 cut-off valuesE
njastg.enl, 7t T glo} PIv} ARIC values
7} cut-off pointBt} W& A 9lokA(false
positive) 2. 2 B F M= A (true positive)

o2 Hrgeh
Z I}
1. HYHAL

7AagAdn B9 AARA Adge
Table 1.0] Qokg A7 7o}

g 23] HARAL A3 UYL
T 26+1.20m o] ov, ARSFE FF 1146+
64.40x10%/m o)tk £ 54 AA= YT 648+
17.70%°) R oW, AW EA]FMDE B 46.7+
17.500) )}

EQEA 1999 BAAL A5 FAge
T 25+1.00melgon, ARSE HP 6134
46.50x10%ml o) QJrt. %A AXE HH 595+
19.30%°1%1 2.5, HAAEAFMDE H
37.4+18.300] g}

FFS HAE o FRes stddto]l BYE
o "3t F2 3 A & 3ktHp=0.0036).

2. ARIC test

Zhdgd s g AR HAwEs ¥
ARIC value ¥ Table 2.9 e} whe} 2}
7teldA 23989 ARIC test 23 DMSO4HS
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Table 1. Results of Semen Analysis for Fertile and Subfertile Men

Seminal Parameter Fertile Subfertile Significance
No. 23 19
Seminal Volume{ml) 2.6+£1.20 2.5+1.00 NS
0.8-6.0) 0.8-5.0)
Conc. (x10%ml) 114.6+64.40 61.3+46.50 NS
(35.0-250.0) (15.0-180.0)
Motility(%) 64.8+17.70 59.5+19.30 NS
(20.0-90.0) (20.0-80.0)
Kinetic (0-4) 291050 2.4%0.740 P=0.0159
(2.0-4.0) (1.0-3.0)
Motility Index 46.7£17.50 37.4+18.30 NS
(15.0-80.0) (7.5-60.0)

Mean = SD(Range), NS: Not Significant

Table 2. Results of Spontaneous and induced Acrosome Reactions and ARIC Value for Fertile and Subfertile

Men

Acrosomal Factor Measured Fertile Subfertile Significance

Spontaneous 83+591 10.1£6.55 NS
Reaction (1.3-25.0) (3.0-30.5)

Induced 20.3+9.08 12.7+7.61 P=0.0079
Reaction (2.0-35.0) (3.0-35.0)

Difference: 12.0+5.57 2.6+4.96 P=0.0001
ARIC Value (0.7-25.5) (-11.6'-9.0)

Mean+SD(Range), More reactions were observed in control suspensions than in ionophore challenged suspen-

sions, the ARIC value is taken as zero(not negative).

40

induced
AR (%)

30
20

10

5 10 15 20 25
Spontaenous AR {%)

Fig. 1. Correlation between Spontaneous and In-
duced Acrosome Reaction(AR) in Fertile Men.

el g AgHe AL FT 8.3:4591%
ojom, A23187 M2 opy|® HA &L
BT 203+9.08%0}¢tt. 59U sampledi A oF7)
A ur3& 7 AdAel wE-&7te AolE e
W& ARIC valuey 3 3 12.045.57%0] 2t}
Bl 199 9] ARIC test 27 A28 2
AurSe-o FF 101:6.55%010 01, o8
AANSe e FF 127+£761%, ARIC value:

Bt 2.6+4.96%°] %1t}

FE MY W ALY WL @
Aozt QoL oF71 8 W& ARIC valuet=
AQFe] BAZol Hstel felstA w4 vel
W} (p=0.0079, p=0.0001).

HYEH FAT Qo) ALY W
BrlE et AuBA YolAE FaT
5% SAHCE £98 YRVAS Yehin
(P=0.0001, P=0.0001: Fig. 1.).

3. SPA

M3 AT Eeydale] SPA A7 Table 3.
of vebd vie} et

74 A 239 9] SPA E3 YA % &(PR)S
BF 97.41740%01RoH, GAAFAZ(P)E
B 5.4+2.880] ¢t}

HolyA 199 2] SPA A7 YA A FE & (PR)E
BT 64.9+3620%01 0 o0, YA TR F(PD)E
B3 1.5£1470) 20tk

FEe HaTg d GARNFEE D GAHEA
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Table 3. Results of SPA for Fertile and Subfertile Men

SPA Fertile Subfertile Significance
Penteration Rate® 97.447.40 64.9+36.20 P=0.003
(70.0-100) (0.0-100.0)
Penetration index’ 5.4+2.88 1.5+1.47 P=0.0001
(1.3-12.4) (0.0-6.5)

Mean + SD(Range), * Ova Penetrated/Ova Inseminated(%), * Sperm Penetrated/Ova Inseminated

Table 4. Various threshold ARIC levels and SPA(PI) applied to fertile and subfertile groups in terms of capa-

city to predict fertility

ARIC(%) SPA(PT)
Threshold 3 5 8.5 10 1 3 5 7
Sensitivity(%) 95.7 91.3 82.6 60.9 1000 87.0 47.8 30.4
Specificity(%) 421 63.2 947 1000 474 947 947 1000
Positive Predictive Value(%) 66.7 75.0 95.0 100.0 657 952 91.7 100.0
Negative Predictive Value 889 85.7 81.8 67.9 1000 857 600 543
False Positive Rate(%) 579 36.8 5.3 0.0 579 53 53 0.0

40
¥ = 0.8889X + 3.7265

induced = 0.7649 .
AR (%) p = 0.0001
301

20

20 25 30
Spontaenous AR (%)

Fig. 2. Corrclation between Spontancous and In-
duced Acrosome Reaction(AR) in Subfertile Men.

5 10 15

B glojA 7ol Bl vste {935t
A =2 THp=0.003, p=0.0001).

4. SPAS} ARIC teste| =FHSof ot ofA

x|

SPA2) P19} ARIC teste] ARIC value® 7j& 0
2 A% g oA &= Fig. 3.3} Table 4.9]
8.9F A3 gt

ARIC testo]] 1o} cut-off 8.5(ARIC value)E 7]
Foz AASertily)d] W AAA 2 W7
E(sensitivity)= 82.6%°|%1 3, LA S (false
positive rate}> 5.3%°] %1t}

SPAS 910} cut-off 30PN S 7|Eo 2 WPE
(sensitivity)y= 87%°111, $)Y¥Al(false positive

rate)- 5.3%°] At}

F A e 2ol E golry] 918t area
under curve(AUC)E #] 328 u} ARIC teste 0.920)
R, SPAE 09302 FA A58 E A3t
=4 oA F FART #2% Ael7t (T
(p=0.7864: Fig. 3.).

o E
2ol godo) glol FAlE 8.9 (male factor)o]

Azgel Bt d49 $A5EL 458 + 9
= R AAPgel date] Bl AFHY

£1

HAd = durAl H Y ZHAbsemen analysis)
g 5% AAY vx9 540 Bxgyed
Aol FBFS AAs e MY LY 2de=
AR ow, ojst &7 AAHT 7| F(strict critera)
o g A2 FeA A o] ¥ 4
83 48" Fao sdew BFIHAY
(Kruger et al, 1988).

52 E°] computerE of§ ¢ HU H&stal
ARHA A A4 wgo] Y} AR &5
Aol glo] curvilinear velocityl} lateral head
displacements} & ZAH oz sFA}H Azl 2
F40) $A%57 & 4% BAY Ygol u1
53 gicHHolt et al, 1985). 28 AR B
% $54 % Fejety 580l FUHE E Y
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Sensitivity

Sensitivity
0 13 1.2
1.0 1.0
3.0
.
.25
0.8 1 0.8 1
*Cut-off
064 0.61 $42
13 ARIC Pl (SPA)
0.4 1 0.4 1
Area Under Curve = 0.9153 11 6] wes Area Under Curve = 0.9314
0.2 1 0.2 1
28 124
0.0 y i v + | 0.0 1 T v :
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity 1-Specificity
P =0.7864

Fig. 3. Comparison of Receiver-Operator-Characteristic(ROC) Curve as a Predictor of Fertility between

ARIC Value and Penetration Index(PI) of SPA.

WA A Hae BYddd o= A
&€ Rolnzg 3% Y 79 AF 8
A& ez gA @

WA Ao} £hshe] A% (zona binding)o]
1} A A ¥k-3(acrosome reaction), £Hu £}
wotne) $4 S g 34 FA 479
= 2EAA 34 59 Azt gy B9 F
8 24 831 g

ol#¥ AL ARHU AR v=Y EFA
< Ad MR Ve, elgapad wA
& 20& Hole dAdA oE Jlse] Ao
2 YUz o 22ER g e A gt
of slol 6 AU AR 7% At d&
#4ol FHA et

ALY 7153 BAEE HAMEE WEeR
human sperm zona-free hamaster egg penetration
assay(Yanagimachi et al,, 1976), hypoosmotic swelling
test(Jeyendran et al, 1984), hemizona assay
(Ochninger et al., 1989), acrosin assay(Koukoulis et
al,, 1989), F&le] HAuk-g B2 (Calvo et al,
1989) Sol Aol A7 Ao ANH BA
R AGFEAA FAE U JSFEE Fo|7]
AT ArpgEoz st} o] EF SPAE
A o] =A% K oi(capacitation), GA MET =
g A AEd 2] §YE I 22 ¥
A F4L AdA Friste PHoR g
AbgH ol gitt ey SPAE o A3EE A
U, 53] A& o] B3ata At A
287 B2 d¥ S AYx Yok A2 e B

FAY A2 =742
Hon Ao #A%H YA #¥ol vtz
Husa ok

e AL A A A Ao 4R
wha} ¥ o (Tesarik, 1985; Suarez et al,, 1986)°]
1} oocyte-cumulus complex(Stock et al., 1989), &
9 o (Cross et al,, 1988) 53} 22 H4ul&d a4
E-o]1} calcium ionopbore A23187(Tesarik, 1985)3}
2o A ES o] &3to] Al A FEAE
T At

ot Izt Rbe] HARAE B2t
A& ol it AA AN & o]-&F
AR FAFA@F] AFHAY Wl HA
AdA FALR ARgsrldE oEE
2t} o3 o] FER U] AAAY HAF
A8 #2F F A Wol AT HALH triple
staining(Talbot & Chacon, 1981), monoclonal
antibodies(Wolf et al,, 1985), 4 A ¢] Z7] b &
4o FzlHo] ¢ pisum sativum agglutinin
(Cross et al, 1986)°]t} peanut agglutinin(Mortimer
et al, 1987)3} zH& fluorescein isothiocyanate(FITC)-
labeled lectins 5-& AHE-3HE Wi o] R H AT
ol WMUEL AFA AoA g 4
A ol & & glon Az dAn|F A4 #FH} &
g ARE AFS vt durH e FITC
PSAE o] &3 FAPL zhasiy A Az
HABZ o] AFA o] =A RuHT Y

L2 fo B ot
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(Cross et al, 1986). A A}2] HAurg it 24 &
744 ZEd 9§& JEE  ionophore A
231877} 4718 AR AP S o] 8T HANE
TAYS O 98 F4 7% AAPE S 8 as)
of 58 Q5 7lee] 8 flo] &g +
Ae AAHA oz g i glH(Cummins
et al, 1991).

2 A7 A FITC-PSAE ©|§3 ARIC testE
AANE A 7M1 BYT AR v
S-(spontaneous reaction rates)y} oF7| ¥ wHg-&
(induced reaction rates)7+2] AR #AA 9 YA =
FT EF TAHLE o4& Uuded, ¢
HHE-7ke) *o]l & YERY = ARIC value: 7Fd
ol A YedE=Z YA AFA e w-§-3f
o op7lHe HAYE ALt /Y5 ET R
3 AABAI} Y-S (Tesarik, 1989)2 &3 2=
At}
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