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Comparison of Sperm Morphology Evaluation Using Strict Criteria, Acrosome Reaction
Following Ionophore Challenge and Zona-free Hamster Ova Sperm Penetration Assay
as Prognostic Factors in Diagnosis of Male Infertility and In Vitro Fertilization

Shin Yong Moon'?, Buom Yong Ryu’, Myung Geol Pang’, Sun Kyung Oh'?, Jae Hoon Lee’,
Chang Suk Suh'?, Seok Hyun Kim'?, Young Min Chei'?, Jung Gu Kim', Jin Yong Lee'

Department of Obstetrics and Gynecology, College of Medicine', Institute of Reproductive Medicine
and Population, Medical Research Center’, Seoul National University, Seoul, Korea

Objective: This study was designed to investigate the interrelationship and clinical usefulness of
sperm morphology by strict criteria (SM), acrosome reaction following ionophore challenge test
(ARIC) and sperm penetration assay (SPA) using zona-free hamster ova as prognostic factors in in vitro
fertilization.

Materials and Methods: Semen samples were provided by 83 patients undergoing IVF. We first
evaluated the differences between normal fertilization group and poor fertilization group on three
andrologic tests. Secondly, we analyzed the relationship between the three andrologic tests and in vitro
fertilization on IVF settings. Finally, we evaluated the effectiveness of the three andrologic tests as the
prognostic indicators for fertilizing ability.

Results: The fertilization rate of all men in the poor fertilization group was less than 30%; but there
was no evidence that this poor fertilization was due to oocyte defects. The results of three andrologic
tests were significatly higher in normal fertilization group. Fertilization rate (%) in vitro was highly
correlated (p<0.001) with % normal sperm by SM, ARIC value (%), and SPA result. By using
Receiver-Operator-Characteristic curve (ROC), we evaluated the effectiveness of these three tests. The
sensitivity and specificity of SM, ARIC test and SPA in predicting fertilization potential in IVF setting
were 76% and 75%, 84% and 90%, and 76% and 95%, respectively.

Conclusion: Our data suggest that the three andrologic tests can be reliable tools as prognostic
factors of sperm fertilizing ability. Among these test, ARIC test and SPA gave more accurate
information on fertilizing capacity. ARIC test was shown to have a predictive value for fertilizing
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ability comparable to that of SPA that appears to be a simple and cost-effective addition to current
andrology laboratory. Combined application of these three tests may give more information on

predicting sperm fertilizing capacity.
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1) Ipietes 3 AHeed

tl/d A}l -] GnRH agonist (GnRHa; Decapeptyl,
D-trp-6-LH, Ferring, Malmo, Sweden)S A}&-8F %3]
71 A71F AL AAsle] FFREE AP
o FFHEFI)A 94F7) A3Y 23 849
AQ3to] LH, FSH 2 B, 358 SAs30m, 4
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AXAHAE AAE F AAEC 4337 A
3] FHBVR-EE AR oH, FudiEAd e
FSH (Metrodin, Serono, Switzerland)& AF&313(t}. o}
) FE A Zshs Fg A 2192 3k, A
3dollE 2.F 6419 FSH 150~300 IUS &£83FA}
hHA #xbo] dAay JH 2 €5 E, 559
e} s ehh A %9 $3& P 7
HERE AeYREE 9% B, 559 24 289
HAARE Aldste] G AAS BESIgIT $AYE
2719 HF A7) 18 mm ©]’FolAY 16 mm ©)
A0 GEI} 37 0]} HAEHUEA EF E, EI)
A% 53, 474 10 mm o9 ¢ ¥ g3
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A AAHAE A HEATE HAbe) AEA S
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(2) Diff—Quik 4

Astel AR 16 ulE micro-pipetteS AHEEA 70%
ethyl alcohol® A&, 423 &glo]= 9o Hoje
A F coverslip® A5t 9FA Wz AL A
ZAF HxE £H0|=E Diff-Quik FHd (B
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(1) Stock solution?] M=

Calcium ionophore A23187 (A23187; Sigma C-7522,
USA) 1.0 mgS 382 ul9) dimethyl sulfoxide (DMSO,
Sigma D-8779, USA)l| 59| #F 5= 5 mM/L stock
solutiond A Z§ ¥ YrjE2 ol B9 eppendorf
tubeol] 20 wl & EF3ho} 20T BEASIFTh A
£ Fd B39 20 ul9 stock sollution®] 4.98 ml
o} Ham's F-10& d7bstel A% % 20 /LY
A23187 €83} thEF O 2= 4.98 ml2] Ham's F-10
o] DMSO 20 W 71t &4& Axste] AHg-sf
At} Hoechst 33258 (H33258; Sigma B-2883, USA)S
Ham's F-102.2 | mgml¥ T2 T3 § <o
F5Y9o] %2 eppendorf tubeo] 20 pl A B8}
20°Co] BEsIich AHg BY £5 9 stock solu-
tion2 Ham's F-102.2 8A35l9 £ ¥ | pg/ml
B Z2A% & A5} T} Fluorescein isothiocyanate-
conjugated Pisum sativum lectin (FITC-PSA; Sigma L-
0770, USA)E 5H/T2 | mgml T2 2R &
gulEsdo] A eppendorf wbeol] 100 wl & 5
&t 20Col R#SITh AH8 Gd 549 FITC-
PSA §4& FRFE Y (1:9)8t9 HF ¥&
100 pgmlZ 247 F A5l



(2) tonophore Challenge

N3t QAL uHE3le] SPAY} ARIC testS A3
5}3.0.7, ARIC test-8-2 0.3% Human Serum Albumin
(HSA; Sigma A-3782, USA)°] 349 Ham's F-102.
2 347 F 750xg2 5E3 ALY 45
B AASIL 3 ml2) Ham's F-10 (03% HSA %)
02 A3 T 750XgE 1083 23 QAR
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3)e8te, Ak 4 3k
2A1ZF E2k 37C 5% CO, 81g7] Mol A) =7} ujjok
sk Mg & 5] Azt BA-AL ukialod 7t
e FF9) 20 uM/L A23187 €% (HE B% 10
pM/L)3} DMSO €940 g 345t 30587 37C
5% CO, %71 WellA] wleksli).
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W & A2 Bfrdo] T3] H33258 &AL
7¥ste] g2olA o T FEE FASHEA 7823}
AT ol F 1.5 ml9] AR} F-f-A-2 phosphate
buffered saline (PBS)2.2 314 ¥ 4 ml®] 2% polyvy-
nylpyrollidone (Sigma P-0930, USA) column $J°l &
BEIL 750Xg2 SETH A EEY) AEAL
AAsIL P23 E Ham's F-102.2 8]45}e] Rz}
EE7} 20X10%ml FA A8 o] F 20 plo)
AR BHAE EEole o] 7o gk HA A
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filter cube UE AH8-31%1 1, FITC-PSA PAol| o)t
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A §917F 443 G449 A, A (equatorial seg-
ment) F-97F AE I FA 27t FEFHOE
AE A, Az §9vto] EAd Azl F Fol
A 2321 T (zona pellucida) B3 2 *3ut
(oolemma)#}9] -§-§o] 7157 A (inner acro-
somal membrane)°] =& 51 AT AEYE AW
e Fivto] A Az v g2 2T
A23187 AT ZztolA] FANEE (%)E At
At

A23187°] Rk-g-8fe] HA yvelhd 4 9le
ARIC value= A23187 A&7 HAWHEE (indu-
ced acrosome reaction rates)oA] thZTFo] A kS
& (spontaneous acrosome reaction rates)2] X}o]ZA
AT BE vhgo] W9kd 79014 counting
7P o= Qate] A23187 AE R HRTo)A
Aol A Uelsdth o]F Aol ARIC
9] &4 (negative) 23 ZA] ARIC valueE "0"O. %
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(1) Zxt M|

B3l A NG N-tris (hydroxymethyl) methyl-2-ami-
noethane sulfonic acid (TES) 211 mM, hydroxymethyl
amino methane (Tris) 96 mM, dextrose 11 mM, 1% pe-
nicillin-streptomycin &40l 20% 414 A =EXE
A7}3LE pH 74, AFFSE 290~320 mOsmkgo 2 =
A% TEST-yolk buffer (TYB)9} &34 1: 13 AJA]
3] U o] EF ARG WA 4THAA] A
X8 YZAAA 4243t 54 AL Fste] Hzbe
F3sdol A5HA stk 2 F 4T AQH
TYB £l 37°C2] Ham's F-10 (03% HSA )
3 mE #H7MElY 750xg® 587 AR SRk
35 AL AT F& AR ol Ham's F-10 (0.3%
HSA 3) 1 mE Frlste 750xg2 5¥37t 23k 9
A& 8t o AASEI & Z2}
o] Ham's F-10 (1.0% HSA ) F71514 22
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Fieg AWste] R AA g2 dAE Eh|

Ak F2EE o) 12470t Bl AYE x
EA71H B3] A-AZ F BT A1dA p-
MSG (Sigma G-4877, USA) 35 [UE 27 J|2 FA}
&ta1, AT A3AA 250l hCG (Sigma C-1063,
USA) 35 IUE 57 U2 FARSte s =3}
ATk hCG Fo 15~16A17F & AFETY (cervical
dislocation) 0. 2 FAEHE 3| MA7 3, B3-S Hol
¥Z d#E B39 PBS (0.3% HSA &9)7F &
Pk Aol $70 3 A4 At vy
K& dagozn F1A (cumulus complex)7}
HU2 Al 3Tk A E 0.1% hyaluronidase S
33 PBS (0.3% HSA 3ollxl AlAsIG e, &
e 0.1% trypsing E38 PBS (0.3% HSA )
oA AAS A

Q) 3

M F-HAIZ) ARRE Aol &84 A
7F 1X10%mio] ¥=E "o 37°C 5% CO, #l%)
ol A gt 7 107] ol o] FHul AlA faE ¢
A2} 0.3% HSAE EF3% Ham's F-10904 3543
sjeFate] FAAIR

4) 1%, g o ms

TR F 925 Fgste] A sgdo R 33
AAste] Gt sctaiA J-2E PAEL AAG
%, £7ol= Yol &% (5~10 ulo) mgi} g
WS FF T Coverslip 9 Wl Foll &A%2] va-
seline-paraffin E§A-& G751 Fejojso] P& F
AA "dujgog BABEA I} veER) g
= 22351 coverslip2 A3 £EtolE Yol Y
t}h £Eiol=8 14N (methanol : glacial acetic acid=
3: 00 gol 24417k o] AANZ & 025% acetic
lacmoid2. F4te] g En]7 x1,000 #)-&5}o)
A AR G2 Ul AR oq58E #AEeIch

olwf A=t} FHI EEAAY FAHeHo] Ko
o 3T RAAke] wlE L vdx} AEA Wolx Adg
W AZ7E A 2 35d Fdow IFE =
E dolA Azte] ¢ AT ARE dA AFE
(penetration rate; PR; “gxk7} & 7) ol A FH ¥
T/ FRAAND F ) L dA AFEAR (pene-
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3. FA gel Y 24, ARIC A & SPAS

H2A>HA SE+FE0 ot oA

Zt Aol MAFAA A gl T 43
A AAEE Lol y] $3t Receiver-Operator-Cha-
racteristic (ROC) curveE ©}8-31%1th ROC curve
ol Al At Ztzkel A Vel A AR Pl
Bl9} Pl @ ARIC &S 7[E08 Z747pe) F3]o) 4
UAE (sensitivity) 2 %43 (flase positive=1-specifi-
city) 238 vlusigion, 917%7t 31 Yol
9 AL AN AAFLEE dFde 71E

7 (cut-off) 0.2 B Th
4. BA 24
A7 Aol g BAIGE B2 student ttest,

multiple regression analysis 52 ¢}-83}%1.21, ROC
curves epistat T2 18- o] 8815k p<0.05¢ A
< EAEHL foAo] v AeE RAEUTL

2 i

1. HAZA

BAAL A7} BYGL B
ARG T 108.7£69.2%
2 BT 69.4117.1% ©)
MDE T 46.1118.7 0]

s

HA A AT 20789 AAHAL Aap HARLS
29412 ml 0] om, AAFE HF 10501771
x10%ml o]tk +¥A BAE HH 4751243%
ojflom, Axt AEAG MNE H1 3091234 0]
Ak

Fg vny W 54 ARG AEATA A
o3 EAGAH o2 g 2olE BT} (p<0.01)
(Table 1).

2. Yxt geje) gL 24

Az defel A2 B A AT AN
AR} el HF 15.7184% ol.on, vAFFA
FoME BH 75853%E EAgH oz Fo3t A
o]& Bt} (p<0.01) (Table 2).



Table 1. Results of semem analysis for normal and abnormal fertilization groups in IVF

Semen parameter Normal Abnormal Significance
No. 63 20
Seminal volume (ml) 25%1.0 (0.8~3.5) 29%1.2 (1.0~6.0) NS
Concentration (x10%ml) 108.7£69.2 (15.0~300.0) 105.0+£77.1 (10.0~300.0) NS
Motility (%) 69.4117.1 (20.0~90.0) 47.5%24.3 (10.0~90.0) p=0.0015
Kinetic 2.8104 (1.0~4.0) 24105 (1.0~4.0) p=0.0153
Motility index 46.1£18.7 (7.5~80.0) 30.9123.4 (5.0~80.0) p=0.0038

Mean=£SD (Range), NS: Not significant

Table 2. Results of strict sperm morphology for normal and abnormal fertilization groups in IVF

Normal

Abnormal Significance

% Normal sperm morphologic features

15.7+8.4 (2.0~40.0)

7.545.3 (0.0~19.0) p=0.0001

MeantSD (Range)

Table 3. Resuits of spontaneous and induced acrosome reactions and ARIC value for normal and abnormal fertilization

groups in IVF

Acrosomal factor measured (%) Normal Abnormal Significance
Spontaneous reaction 9.1£6.2 (2.0~25.0) 74153 (1.0~24.0) NS
Induced reaction 21.8%9.0 (2.0~39.0) 11.1£7.2 (1.8~30.0) 2=0.0001
Difference: ARIC value 12.746.1 (1.8~32.0) 3.9£3.9(-3.0°~15.0) p=0.00001

Mean+SD (Range), NS: Not significant, *More reaction was observed in control suspension than in ionophore-chall-
enged suspensions, the ARIC is taken as zero (not negative).

3. ARIC &AL

FTA T ARIC AAL 23 DMSOTHE A2

T AL AANSELE AF 9.1162% oo
o, A23187 A& op7|d AL PF 2138
1£9.0% oItk FY FxolA okrld w3 =}
B2l Whg-g7ke) to]lE YEhNE ARIC value:
B 12716.1% ©)Ach

HI AT 9] ARIC AL A3 2p2AQ A
B8 7 74153% olglon, ofrld Ak
&S BT 11.147.2% 10T ARIC value:= HF
3.9+3.9% olith

Frs HTE o PLAHY gL EAEH o
Z 79 o7} Q%o ofrlE w83} AR-
IC value:= TAITA 02 93 AJolE BPT (p<
0.01) (Table 3).

A A

-62 -

4. SPA

5T SPA A} UAF AEE PR)S BF
92.7£20.2% olRom, Al IAFEAR PD= B
5.0£3.2% o]tk

v T9 SPA B3} PR FT 47.9433.7%
ol oH, Pl H 0.7£0.9% olAth

FT& Bl uE u) PRI Pl QoA BATAHS
2 {93 ZAolE BT} (p<0.01) (Table 4).

5. JA el 2 24, ARIC AAF ” SPA
2l Melsg 80 ChEt ojHx|t ZH HArE e &
A

A e AL F4H) YoM cut-off 10.0%
€ 7|02 A% (sensitivity) = 76.2% ©I3, &
o5 (specificity)= 75% ©]AT.
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Table 4. Results of SPA for normal and abnormal fertilization groups in IVF

SPA Normal Abnormal Significance
Penetration rate® 92.7420.2 (0.0~100.0) 47.9+33.7 (0.0~100.0) p=0.00001
Penetration index® 5.0+3.2 (0.0~13.7) 0.7£09 (0.0~3.1) p=0.00001

Mean=%SD (Range), *Ova penetrated/ova inseminated (%), ® Sperm penetrated/ova inseminated

Table 5. Correlation matrix among the fertilization ra-
tes, normal sperm morphology, ARIC value and pe-
netration index in SPA for overall patient population
(n=83)

FR SM AV PI
FR 1.00

SM 045™  1.00

AV 0.54™ 0477 1.00

PI 043™ 053" 054 1.00

*** p<0.0001, FR: Fertilization rates (%) in IVF, SM:
Normal sperm morphologic feature (%), AV: ARIC
value (%), P1: Penetration Index

ARIC ZAlel SloiA = cutoff B5S%E 7|E22
DHEE 84.1% ©lA T, EolEE 90% ©]Uct SPA
o] JAME cutoff 3.0& 71F2E UAEE 762%

o], FolEE 95% olith
ANFA & ZF A R AP dEEA

AHE A3E Tuble 5ol 98 A} gk

Z} @7l 2% folgk ATBA p<0.01)7} U
Elston, B3] AdeA&d Z2be AARe U
o}X& ARIC AAtolA 71 & FaaA 7 e
WAL (r=0.54), HAPEZl= ARIC 7L} SPACIA
7V A JERRTE (:=0.54).
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9} A 5k

a3 FAANE AR YA Al
W o4 AR A 4% 2l Fa
Qoloz waussr gk’ wEhd B G 3lo]

A FAZ 29 (male factor)o] ZEREHILH, HA 9

o w2}

$R58L A5 5 e 9 ZAPEY sl
Balo] FFHU
AUk Q) A MAA} (semen analysis)’} B A

58 AAs gy AME L YA B sE%
54 2 oo EAo glojA FRHQ 247}
@o] 437 Ha WolAx 7] Wi At
u]71—E7]. Lﬂo]zh;} E3] 00_1137‘:4,,\], A= B 2ol
AYAE A 24& BY § Jon £35Y
& ukgdsted) WEE Hol Rusa gk’
Kruger 5%& AN} g8 F sl At §
B AAlol Q1M AA FH5-9] Ao], F HA
o] By 2 FHURY AxF L2 A7
2 443 1A A FehE AL 7
o ojste] Hrkste WHE A
Kruger 552 Az} Jej& A2
Feu) 14%E 71E o= AR A
B} 5949 T Gk 7 Aold
Al FARE o g ato| 7t Ve S
ez} 4% vl A5 11]94—’?—7”\]
wioktha Baakdeh A dejel A
o] A3 FH2 AIZE Wl
o] 9t} 1Eu A} e A
7} ol tlgh cutoff 7k °4:r‘?<} o] ‘ﬂrﬂ' Aol
Ho|1 9tk Hargreave 5 Kruger 5
AV ApzA] Azte] Gt 14% 0183
S A)FAAsAA B3 @.?_ &S B 'él‘i’i,
AL HEf7} 4% vkl B fol e 7~8%
gL $ALS Bastgok ¥ Ombelet 5% 9%
2 cutoff Fro2 Bl on) B Ao cut
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