Morphological and Functional Analysis of Human Sperm in
Human IVF

B A4ALEL 44E L EYATA

HF =2 Ad
=1 =) =

B0 BE BT A7/ WAHWA B BE T ¥R FF Q902 AP dHRY
o] AA B F¥9 o 50%, AA AEI A Y 5~10%°] g3t AL oln 2 A vt
s 2o}

QAo Bel s1% Axke A E GAl) Hd FAE A WA sen s
AAHTh GARY S AAHEY Yol Fa% AHE AEok B0 (rapid), ¥4 & o
(non-invasive) 7 A & (cost-effective)e] o] o} Ft}.

A A} (semen analysis)= FAEUST S Zdte T3 71 & HAtelw, vmA §olstA
ANBE e AE S IR o A A 10~15%2 8 5 e /7 2 s
m2 A ol AL Bute] B@ 1A E BESAY Bast Utk 2H 8 B g
e GAEYSE Adste 713 583 718 A A A HMute] #sf Agstnzxt
g}

M

II. Mol Z4Al (Semen analysis)

Al HAAFE Yt A9 5 AALR UE § o At FAtelle F A A, WA, <F,
pH, A2%, £54 FAe 8 &, 54 344, 34 g8 5o digd BXE& F2 Agsiy F
2o o228 AFE A YEA 7] (Computer Assisted Sperm Analyzer; CASA)E o] &3t ¥4 &
A @stetn 5 Zj*}i*— A 7%, A FAA AE, F&he] AstetA A W A2}
F3%FY A 52 & & Uk

1. F oy x4

4 A= AR AFHA] nirt F AR S (semen parameter)7} Al gF H o] & YER B R F
B AAe R HAALE 71Eo 2 sl 25 744 0 2 23] o| 4 FHA}s] o} g} (Poland et al., 1985).

1) =272t

FEAE HY HA Ao T8 IS vz @‘ﬂitﬂ = 5% F 144 594714
Az =718k, 282 % %1 B AAFE 15%10%ml, Z ) 2L 0.5 mI¥ Z71ec) (Schwartz
etal, 1979). §&7]7tol 4 A, L A} 718 FA F7} %‘—7}5101 AME AR &g
oA vt 1B FE7|EL 2~3U0] A, o] HH o2 FAE AHY B S A
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23 AU WolE FHA3F 4 YT

2) Mo &M FHHD MF 7

(1) Tests st =%

A AH = dutzl o g 2 (masturbation) 2 & sterile plastic container (120 ml)o]] ¥ =&
g}l B3] 98 o2 A3 condom FAE Fole GA7E TFE O 7] dEd Y
AH &712 Ad AHgdM e dEH, FY A &7l 7hed LEHA GA B2 FA T4
2 BEs Al AL S50 NPHDE WA 2Ee Fols Beste, 45 L& 20~
257Tolt}.

(2) M E N 24t

AL Y HAE AP § e AF4 7Hrtol oA AFHste o] vt st HAM
g 2 FHZEEH A =83 n ART AY AH AL IS vtdste Aol vt
s, Y AFH N E& S F F Av videod BAE FHd £oF Y AH7F BEoMsd @
Ae AY AFH L Fdo B AAT FYE 7HE F UAERF SxpelA F AEEA F
oA aFH F 1AL olUlell AAMEZAR] 7EH A gt

2. 8otX HA} (Macroscopic Analysis)

BAe) EaA Asz FAF, 42, 43}, pH, AZ2E 2 WAZE o F o] 4P =
AL w B o] F, 93 Al ol &, FEIITL AFHAIZ, A A dE 2 AFH
AR ETE VST F A9 B3 HFE BAHIT

1) o3&} (liquefaction)

AR E Aol E gojgl 2 SnH ATI} 0% oo FEEHA = AL TIH, 1413t ]
gol 288 Ale vAMoE F3A Eo. FYL AEHEA T A3 (seminal
vesicle)ol] /| ¥H| 5= & 4Q) protein kinase?] J &0 2 a7} H =4, AFEA] o] Ao HA
HA 48w Py 7% FAE A 5 Ut 18 YL AP (prostate)o| A £
B 5= gula B8] F 49 fibrinolysin, fibrinogenase, aminopeptidased] 93] 3= 22 308
ool B3t¥]z] kL dole AP AN 715 FlE JA3HA |t

2) M= (viscosity)

HAZE7} 22 A A3 AL A3 & 4ot &, Az Y3y 2 £ &
sojof 3t FAo] Aty 43 HPP Follof H]EZA H A HxEE FHE F YA
gt HzeE AAFE 3317 98 RS AF LU10A E5°] 23A A& tubed] F
S ), 52 pipetteS o] §3t] FAL &7 of Yo LTS FAH R BAITH AYA
ol A 22 Bl AAHNS W Fxxrt & FYo] AHEE F 3len, o|d
A% AR EFAY S9EgS 718 = Aok AN A AERE0 52 B5, BAY 794 &
EAL BN old 2, oldle 49 FEREE HAAIZ T Y HALE Aldstodof g
ot 5L AFx59 FHYL pipette o] &, ¥HESt] HxE & AR 4 U

3) Mzt (volume)

Hoyo] F& YHEARE o] &3t EA3M V5L &FFH o3 AA A7AA 2ot (o,
3.7 ml).
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(1) ZaH e

Ay Fe] FAHAE 20~6.0 mlo]H, Z o] 20 ml V| WY W= &% A F (hypospermia),
6.0 ml o]} W= Y Y (hyperspermia)o] 2t 817, Y o] gl& A F = F% A% (aspermia)
ol gt}

(2) 2FWZE (hypospermia)

Aol 20 ml vtk w2 HRE FA AHA A& 8] 2R Bk A folv}. whef
AHAA FYe] A FEE 2HE A 3ATFE dASA dad dE EhA T, 3 g
ERES RS AT EAATE BANAY 2ol FHEY. AR L EXAY, 87
ol ASkEA vlS- UAE FHNA AH3AUE U= FAFL J & F onz grEFHA}
2 gldtodof 3l HEHALMZ FA Fo] Ao AAA o) e AdE wjAEr] As) A
2T AHZ Mol A2 4 AF-E ALt of gt

(3) ct™ M= (hyperspermia)

oA Fo] 6.0 ml o] Fd Wl FE& AS LSS ket o) B HE A F
AHE A M FFAA AF & A =dte 2] o vhgz] ot

(4) FHYZ (aspermia)

Yol gle B2 o] A9 HA Y AMAA AY L EF BA B AL T2 Ao
A2 A T HEQ e 7108 F Joems wix ALy AT v FHA EF
FEE AR F A3 9 7154 & wiA gl of @t

4) M7zt (color)

Aol AL EYsA] & T2 At & X} A4S e HEPe] {9
£ Hv, =340 BRI FHAE Yefdle F e AU GE A2r BE Ffolt 2
Brol] A ddo] 4o FaM Ze ML = hematospermia, W 8 77} b EAEE
leukocytospermia (pyospermia) 52 A4 7] ZH & 44T 4 ).

it

Table 1. Normal Ranges of Semen Analysis

Characteristics Units Normal
Volume ml 2.0~6.0
Concentration 10°/ml 20~250
pH pH units 7.2~8.0
Motility % motile > 50
Progression scale 0~4 3~4
Morphology % normal > 60
Head defects per 100 sperm <35
Midpiece defects per 100 sperm <20
Tail defects per 100 sperm <2
Viablity % live =170

Adapted from Mortimer D. Practical laboratory andrology, Oxford university press, 1994
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5) HAl (odor)

AP Aol A EH] 5 &= spermin, phosphate, lactic acid, @2 Fo g 2la] W& WA 9} FAE
HA7E o

6) pH

litmus paperZ o] &3] pHE 274 310, HAE 9 & 7.2~8.09) ekerda]Adolth Al A A
A (prostate) E-H]E-& AbAJo] 1 A FAl (seminal vesicle) FH] B2 @ Aojng FH A pH
ojd& RAAA 7% FHhE AFT + ATt

3. slo|d A AA} (Microscopic Analysis)

A5} FH3 APH T AALS A Ao S, HujAsto)A] BRI} 7&?@1—% test tubeo]
w2} Y3 mixingdt TF-& <F 5 ule] % -8 Makler counting chamber’d o] B3+ & dn| 7 5}of) A
A= = E A4t} Count:= Makler counting chambere] 2}H-2 Atz 107 1.}]01] z 3=
B Are] ol x10°% F3 & AR TR AdEe, 2~33) ulE S35 AL o HF
AE AR 22 B ). 54 B 54 room temperature (18~24T)oll A A A gt

1) c} ™ X}= (Polyzoospermia)

Al A4t 250 % 106/m1 oldd M2 EUFAS 3~17%5 A 50 o] - =
F4el B ast oA, hREe] A% £3E F7HA717] Bk aA e fAke)
THUE Bkt WA am EE 428

TS st AT E 299 /A Table 2. Nomenclature for Characterizing Semen Spe-
Hslow A 20 o gAgel 27 cimen
2 4. Pharase Definition
2) 82725 (Oligozoospermia) -spermia abnormalities of semen
3 6 e
:ﬁ A A A 7‘;20 *x10%/ml 2?} 4 uﬂ% -Zoospermia abnormalities of spermatozoa

o A Alel A [o e X Vd
B AAN A drs &S G571 A hypospermia semen volume < 2.0 ml
A5 a7, o]F dde] obd A ,

. _ hyperspermia semen volume > 6.0 ml
& A testosterone, FSH % LHE &4 s} o} . |

_ . agpermia no semen volume
wth 829 AZY A% Y e FRpel P e

- - - ospermia resent in semen
v)s) BA-gA $BAH FA FFgo] pyospermia present
A5 FADTE AAL G4 AR B hematospermia RBCs present in semen
o} o} @} azoospermia absence of spermatozoa

3) 2MX}E (Azoospermia) cryptozoospermia  sperm count < 1 X 10%/ml

237120 A9 94 AYL dAEY & oligozoospermia sperm count < 20 X 10%/ml
sperm pelletol] 1 A 219l §-5-& &<lg}. vt polyzoospermia sperm count > 250 X 10%ml
o} sperm pelletof] A Az} 7} AW AL T asthenozoospermia  sperm motility < 50%

o] &A HAgE AL oplth AR F H 4, teratozoospermia > 50% abnormal form

18 75 ol F& QA T BUH © necrozoospermia  nonviable sperm

A7F At} AW fructosed] FZ S s Adapted from World Health Organization. Laboratory
‘ﬂ‘i} o] WA =1 fructosex FFA el 7% manual for the examination of human semen and

semen cervical mucus interaction. Cambridge, cam-

S UdedEe Ax2, F3W A e G bridge university press, 1992
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g A - HEXEETE

Z+ & (glycolytic metabolism)S W 7] A (substrate) & &-& ). whabA], fructosel] FF 2 A}
AR A 7S 458 & don, fructosert (& A5 7T Aol Aol e 2H
o} ™ fructoseZ} A<= 74§ A & o A & iAot

4) AFH ™ XS (Necrozoospermia)

A7} H& AAA EEA ol4de] e AAAE B AH 2 59 AF7 AN
X g g, 52 oy Aoldle AA EAstE Ar= AR YEH HALE
Al g 3f of gt

5) 7@ M XE (teratozoospermia)

A A A el 7t F5sR] 2 o (debilitating illness), virusol] o] 3+ 7+, & AR W F (varico-
cele), AA (radiation)o]] &} k=%, mBo] HAHYEA| =EHUAST o ¥|FL g9 ZA7 &
o] 1}eb ). Stressi= tapering, amorphorous @ WA <=8 A A} F7bdl] QS v X ¥ w] o] 7]
Y} v| g & FA Bol £E8 F5v T 7T ol /#EE 84 & Ao 1
U, 18RS ol dAE A4Y £ dormR 30~70Y oy MHEHALE AT g
7} Tt

4. M4t g el (Morphology)

Aol Hel & Baslr] Ysted AMEEH & F A H 2 2+ Papanicolaou staining, Shorr staining,
Bryan-Leishman staining Y} 5| 9lon Al©E & A F o2& Diff-Quik G4 93} Spermac
Yol glet.

1) A Sef

B AAs G Re] Bxa A4 Foje] 0BE AXFE el melst Seigic B2
o A7l 27 ¢ Sum, F2 o 2 umo| ™ m2] doje o 45 um FEo|th TR FEle
40~70%2] sperm head areaE *}X] 3} well-defined acrosome-2 7}% smooth oval configuration=}
AR R nFe Aol 1S WE FY FHE 3t WHO criteria (1992)= B4 =7t
50% ol A u] AAe 2 Hriete Wb, Kruger 5 (1988)9] 2l & 943 7|5 9 7} (strict cri-
teria)A] 14% o3& B o2 Wrteoh 44 & F4 FH=E ARt = 71E2 ot & 2ot

(1) head

length 3~5 um, width 2~3 pm
(2) midpiece
@ slender, axially attached
(@ less than 1 um in width
(3 length+= head lengthe] 1.54)
@ sperm head®] ¥FH T} & cytoplasmic dropletse] §l ook glct.

(3) tail

@ uniform

@ slightly thinner than the midpiece
® uncoiled

@ Zole %45 um
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MELEEE

2) | ™AL £ 52 (Abnormal heads)

g AA F 2P dFsA JE 5 A
297} vtz £ uR olth. $H7} 3
£ 38 58 (macrocephalic)2t 3} Aol 5
pm o4, £& 3 pm o o], TR} 2L
2% F 8 (microcephalic)y= Z©]7} 3 um v
gh, & 2 um vjgo|th W vt HE gle
73 - pinhead} Eejn, Zolof ulg] Zo] &
& B A& taperingo] 2} 3t} 23 HE B
o] A <Ful &t FAH3} pyroform head, »} 2] 7}
70 Q1 duplicated or double head 522 F &
o F% 2ol B3 % amorphous 3 EY
oz pEI. oy vAY FEI W
L& 49U oo 2t

(D Primary acrosomal abnormalities

spermatozoa®] &3} #-3} F<QF acrosomal
areadl] abnormality7} ¢ o} 1} acrosome abnor-
mal formation, distribution, attachment?} A2
R

@ Secondary acrosomal abnormalities

damage T+ aging© 2 13} acrosomal con-
tentE A4 8 AV external factorsZ 913} spe-
rm membraneo)] ¥ 87} A A

) Elongated or Tapered heads

spermatogenesis®] F-wk7] ol Sertoli cellsE
a4 gwe Ao

less pronounced elongation; chromatin®] alte-
red distribution¥} €&

more pronounces elongation; abnormal acro-
some development

3) "| & A Z# & (Abnormal midpieces)

2] QoA me] & Ate] MEAH &2F (cy-
toplasmic droplet)o] o] gl vl % AH
(A& BN Z )9 FAZ headnt
tail defectse} FAlo A2 4 U=, FA B4
F71d A7

4) H| ™Al ol & (Abnormal tails)

coiled tail, 90° Ao} mz] (bent tail), A2
7t 270 o] A, mele] dolrt A

» Morphological and Functional Analysis of Human Sperm in Human IVF

Table 3. Method of Papanicolaou staining

(D Procedure of Papanicolaou staining

Reagents Exposure Times
80% EtOH 10 sec.
70% EtOH 10 sec.
50% EtOH 10 sec.
D.W. 10 sec.
Haematoxylin 2 min. 30 sec.
Running water 3 min.
Acid EtOH 2 sec.
Running water 3 min.
D.W. 2 min.
50% EtOH 10 sec.
70% EtOH 10 sec.
80% EtOH 10 sec.
90% EtOH 10 sec.
Orange G6 2 min.
95% EtOH 20 sec.
EA 50 4 min.
95% EtOH 10 sec
99.5% EtOH 1 min.
Xylene 1 min.
Xylene 1 min.
Xylene 1 min.
Mounting

@ Stained result of spermatozoa using Papanicolaou
stain

Region Phase contrast B;:;%}:t
Head
Acrosome blue light blue
Post-acrosome yellow-orange  dark blue
Midpiece pink pink blue
Cytoplasmic droplet  green pink blue
Tail blue pink blue

- 188 -



iulo)] ¥ x| 9% broken tail o] ¢t}

5) o| A% MAMEZ (Immature germ cell)

573 A2 (pyospermia)?] 75 v & AAMES HETE PEsE Fo] FRASIAT F A
EE FHE AL LA gonZ oEE THY & Ye G4 WY& 93t 2o Fas.

lll. Functional Analysis
1. Functional Assay

1) Viability test

A AEYS G4 Y FEoly AFY ejstelr 4Fd M AECE WHE FA Y
&5 Uehd Zelth YF AR 7EHLE &Y 9L S22 A2 od g4 S FF
PhE oo RS F G i o s dulAsiolA 100ut2] 9] FAE Mo & AXE (F
MMz RE Aotde FA (HEA)E FEgT

ol gt G4 WYL HL& MEEZFE Mo} AT &Ho)RA e FAE FEY 5 UA
3, & A X H]go] & o)X Fe AR W &S dA &) WEo] FEE EEH BHE
A & th At 2 olA g ARAAY B YEE EAQ/F HERS F2F oGS
Yyerd 5= 9tk

ALA| g W & ot o Zot

@ Slide glass 9ol 1% Eosin Y 243 A 142 4=},

@ 30% ¥ 10% Nigrosin £ 348& tjsled 4 =1}

@ MEe dn 7 slided] %4 o -Eosin-Nigrosin £ &8 ¥31 UF 5424 &4 =2

Table 4. Techniques for staining the human sperm acrosome

Technique Target Advantages Disadvantages
Triple-stain Differential staining Use light microscopy: Inconsistent stain
of acrosomal matrix incorporates live-dead characteristics
stain
FITC-Peanut (PNA) Outer acrosomal Easy to use Small target size.
lectin membrane Plasma membrane needs
to be permeabilized:
false positive results
possible
FITC-Pisum sativum Acrosomal matrix Large target, ease of Ethanol permeabilization
(PSA) lectin distinguishing acrosomal may increase false
regions, easy to apply positive results
FITC-Concanavalin A Inner acrosomal Highly specific: Small target size
lectin membrane aldehyde fixation

minimises artefacts and
‘false’ reactions

Ricinus communis Acrosomal matrix Easy to use, Extremely toxic lectin;

lectin large target size ethanol permeabilization
can give false positive
results
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@ T EAAAT

@ 1~2% % #u|7stol A 4000} v &2 REL BFFT).

® A gL FA RE)G dudE A2 AFHE A

2) HOS (Hypo-osmotic swelling) test

o] W AXce] WAoR QA ol Y2 W, ARG et FAT BRstE, &
3 A XY HERYG 72 S F 713 why o]t Jeyendran 5 (1984)0] o8] AR o =
=¥ HOS AL A 715 AALE e Agy A}, 583 &Y ZHALRA sfof gt
o ZAFE AAFH7] eksha 71 28h7] 4190 HOS AAL W & ofdlst 2k,

Z 34 100 mle) sodium citrate NasCsHs07.2H,0 0.735 g#} fructose 1.351 g& &3 A] 71}

@ o] $09] AFE 20TAN Lol HHgch AR Zo] & HE

® w7l 7} 231 Eppendorf tubed)] 334 g9 1 mlE Yol 37CollA < SE3t 7h&%c)

@ 9318 Y 0.1 mlE Hrtste] Bulo 2 A He

® FHolx 30% Bt 37Ce BaAstm (22} 1208 0] F X %71]) dv|h ez #EIh

® AAel WAL ne) e Nz FADT

@ 1005} 2] Bk F5ol B2 AAS 2 F ¥ BEAN AR BFSE AB,

3) Immunobead Test (IBT)

Ao 45T 1659 BUE 23 U, A AW 159 BUE 22 A% A2
ol A et SR NEgo] doJUAY FA EFA0] HGY e AL S 4lsA Eok
A2 58 82} &4 (antisperm antibody)e] EAE AP H o]y § 7655_} At Eglojtt.
dutzRl o 2 A2 FAlEe BEYS FAoA 3% EAH] FAJEBT o, A 4 &
Z}ol) A = 20%7} =] 0, antisperm antibody 2] % -2 cervical mucus penetration, capacitation, sperm-
egg interaction, embryo development?] A& 5& & 4 Utk A YU AA FA = A F typed]
Ig A class®} Ig G classE zt3 Uth Ig M &l A EAF g Eo] FA o= =EA
BAAY. FA B EAsHE FA o) h@ Bl 44 H sample immunobead TestE
A8 3=, beads} sperme] ¥+ 9] 2 11 9] 2RE LA 80 4 glch. Immunobead
% rabbit anti-human immunoglobulin®} - -#-Z2 §3}+& polyacrylamide 7822, Ig G, Ig A, Ig M
FA o] EAE o] HALZE FA HAABE 4 don o] AAle Aok 10002 o 3 &+F &
A A Al AFR-3o) AALE &8 A x7t 20% ©] A Immunobead 9} binding 32 o] FA B
gt

2. Acrosome Reaction test

gaed oz HARS (F, HAVE AAZ WA $4)e BA7 ARR F FHelN o
ot A AAre] AANSE B M BE Bol AEHD AN AEH G4
€ 3} Hoechst fluorochrome H 332583} &2 ## ¥ fluorescent lectinS A}-&38}& A o] ojvfx=
7174 ERA Y Roltt. #5L 33 #n|7 02 lectinlabelling® 3 AHE A o). et &
A ZA YEGH AL o o= Foll o, Z ionophore 2 73 H A -5& 7HA]
e 3% H5E AATY 58S H1E Ik ARG A -G} gL of
A AT Aol Fodot
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v.z2 B

A Are A BUFE Addte A HAlelH S Aotk B AAbe A ¥t
71 vl A e AAlolu HA AH] 2 FEAAAH A= Astd & I vt A4
3 38 7l gdol gk FY Habe ©A AW FA9 FAA FELE HAte AoA
AAte] £ 58 & HAlete AL ofvnh 2 o] /LY CASA s A HAte] AR
o] Bol ARHReH, FAe $EEE, APE: 4 54 ol dd g2 BHE
g & A HAck =3 FAe]  Hrte A 2 Vw0l 89 £ Y dFd dS T8
Zdolng oyldA d& A& e R g A7 /Ednd rdde FEEY A B}
& 2dF Aol

in)
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