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ABSTRACT 


Alteration of the X and Y bearing spermatozoa by a Modified Swim-up 


method and the Percoll Gradient-Centrifugation 


Anek Aribarg, Jrtaporn Ngeamvijawat, Yenchit Chanprasit 


Andrology Cnit. Department of Obstetric & Gynecology 


Separation of X and Y bearing spematozoa for artificial insemination IS a 

popular concept of infant sex preselection. This method is based on the hypothesis that 

"y" bearing spermatozoa IS smaller and moves faster than "X" sperm. 

An investigation was undertaken to prove that the Percoll gradient 

centrifugation ,md the modified sWim-up method can ,tIter the ratio of x and \' 

sperm in sperm prepatations significantly. 

Semen samples of 15 donors were collected by masrurbation and analysed iQ 

record seprm count. motility and morphology using the c.-\S.-\ method. Each semen 

sample was divided on to :; equal portions. TIle tirst neat semen ponioD was initiallv 

kept .1S a control. The second ponion was treated by the method of I-l- step-Percoil 

gradient motile sperm. Identification of x and y bearing sperm was done In .1: I 

samples by the method of double-labelled "FISH" USing specific DNA probes. The 

examination was done blindly ,lfter pooling all slides together and the labelled x .InO : 

sperm were scored bv one person throughout the investigation. Results showed that 

the efficiency of labeling the sperm by specific DNA probes was high \96-99 

percent) in all samples. Ratio x md y sperm significantly altered by the modified 

sWim-up method (enriching y sperm) and by the Perc011 gfJdient centri.t'ugation 

(enriching x sperm). However, the magnirude of change was small and may not etlect 

the ratio of infant sex at birth by anificial insemination. These is a necesiry to CJrr;. 

out a clinical trial of sex perselection by artifical insemination using the prepared sperm 

Jnd stimultaneously identifying the sperm used and sex of the subsequent conception. 
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hivlfl ,H)1':i 11~mJciflo1tftfl~ !lJfli'lU111~fliJmfl'Vi~-1li) f1ln11!~mHlfl~!!f11 !~'W11l~mm6 

mlJl':i oiiJ~,rm'~fI''Ufl-1~1afl'WUI:1::V10vl1a fl'W~iJ!'Vlfl'~vlfl-1f1l':i 1~ fll':i l~ flfl mfl'11l Pre-conception 

dO Q,.I d Q Q,.I <J) .Q.d I <J) 0 Qdd 
mnflt1!f1fl fll':ilWflfl{]'\l X Un:: Y flflfl~lflfl'W ~1011im-1 '1 Um'Wlfl&!\l'\TlJ Chromosome 

. .."" . 
d 'JI 11].1 d d d d d 9 'JId ., <i' c..=J d .:1 """ d '1 'JI., ~ 

n~mWIfl-1f1l':i !umnm10lJ.fl':i':itJlflmm'W-1 !1'm !i1lJf1l'JY1-Jfl':i':i.f1 11i'W lu'W11i'l1 .muml'lJIT'W!~ 

'lJl fl1 'W 11 \l ~iJ'W u~1I t1! 11 1~1f1t1! 'U fl~11ll1fifl iJ fnl'lJ 'l1~UV-J 'U fl~ ':i 10-11'W ~Vl '1 11iJ ~ elll1 m.i \J D'W 

UilJ1nt:Jl\lIWflflflf1!~'W?1'fl-1Ll':i~I~'W~lf1ru flfl (fl.) 'h,iiJ11l11fl':il::;1f chromosome 1"l'lff'Ue:J-J 
u u 

;, 9 'JI., .:1 71 
'1l'~ ~;b'fl'Wlu'Wnm"l!mOu . 

chromosome !"l'ld l::;?1'WWe:Jl~ 

Q,I Q .d ~ 'jI 

H:lmster fliJfl?r\lfl'W n~e:J decondeme chromosome 'Ufl~fl?r\l !W1'i1':i1\l~ chromosome !lifT 
-1 .. q" 

iJe:J~fl'1~afll1'Hli-J fl?rllJl':i f1m1~?1'e:JU 'k~ u~11l11r1fl'W.ul-Jq -J tJlfl1 'W f1l':i'l11 ~-1ulY\l::; 'l~~(l~I~tl 
d II] 'JI~ 

fle:J !~ 

Q d Q.Q. Q,.I 

chromosome ,\Hl-1fl,,!~ me:J1'W~'iW chromosome mfl' DNA probe 

d Q,f ~ 'jI Q.I ll'JI d 'JI 
!~01fl'W fl~::;?1'llJlHl~':i1~1\liJ chromosome lim X 1l1:1::; Y '~':ifllJ '1 fl'W.'il lflfliJ':ie:JUel~ 

~ flO 1l~111~Ll':i::;~'l1~m~ llel::;f1JllJil'W1UJ'Ufl-1r~\11 II~flcil-1 h fl~llJ ml'lJl~fli'ie:J 'hiflJ':i~1f111 u ~ 

'JI 5 
'J flO(;'t::; 95 

i1ilWflfl&!~ X UCl::; Y ~1'lf''l1~l:1fl-11'W1I\l~iJ'W 5-1hitJi1i1~tJLl':i::;~'l1~Jlll~~-1 I!el::; 

!~'W~UfllJf'iJ 1~O'lt1 h1 11~t:Jl\lIWflflflf1!~'W :2 infl flfl i1i Mechanical ll(;'t::; Biochemical 

1f-J?rfl-1i1i~r1'W~~~'W~lmli]llD111~e:J11 fl&!~ X IW::; Y iJ~Ll~l-1 J1H'!4fl f111'1/h !W::;f1l1'lJ 

http:i1lJf1l'JY1-Jfl':i':i.f1
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Y'l,:j'VI'WlI~fl~l\lri'W Yi'JElV1\l Ericsson's Albumin column Ill'W11illtJfltl~~ Y lliBl')1!~\lm 

'b'ltJ hWff'WthliY1'W':i1 m1'~ y Ifl~El'W'hn!~I~'Jfl11B~~ X ~ru~~1,)tJl~.yh1,)tJ 1I~~1~:f1tJ 
<>.:I 't q 'U 

,:j1'WI~El\l{{:IJlriti'Wm1'J1!~~ind1 11Hi!liihb~~'VITIml~1'W fl1:f IWf)El~~. Y ~11J~1¥1':f11:J,:)1'W 1'W 

.;, 
I~B (fl .) 

Double Label Fluorescence in situ Hybridization l'Wfn:f~:f'J'il~El'lJ tl~~ X IW~ Y 

('U.) Yl:f'J'il,.h~~i·1TIm~'UfJ,:jn Percoll Gradient Centrifugation (lizuka' s method)~ 1'Wfln 

~.:::::...d. 89 ~ ~ y 
l!tJflfJ~'il X l!~~Tli Modified Swim-up method !'Wfl1:fLWfl fJ~'il Y 'l1:fEl YlfJ-lfl1:fil<ili:1'u'lJ 

". . 
11 :2 :nil ~l:lJl:fm,j~tJ'WI!,j~-lIT~cl1'W'UEl\lEli:1'~rHJ chromosome mfl' X 1I~:;; Y fJci1-l~'WO. 


.. 
QJ , 0 ~ 

fl d Cl tI VJ hiHnHl 
q .. ~ 

In'lJt11fJ?f~\llflfJ1m~lJm IDonor) 15 :flO hwn Masrurbation lHl-l\lln11~l) 30 

d 
o '1-1'" "1 ~ '1/ d '" "'" "''' 'W1il 'Wl .u'JlfJ':i1:;;1i ~o !'15lm fJ-lm1\l'Jlm 1:;; 11fJ?f\l:f:;;'lJ'lJfl fJ'lJ'l-nlvHl:i (Computer .-\ssisted 

Semen Analysis. HT\! - IVOS \'ersion 
• ,.. "V 

d ~ d 0 .d. I:" I 

lWorld Health Organization guideline) !1'IfJ'lJ'W11fl'flruJl1i'l'UtJ-l'W1I'15fJ'!Hl-l!l<;J~::;'illutJl-J \'b''W 

volume, spenn count, motili!)' . morphology I!~:;; movement characteristic vl1-l '1 
" t11El",!~lIvl~:;;Yi'JuV1-l lID-lfJfJf1!ll'W :1 j;1\'J'W cl'J'Wn I 11l'W control i:1'llJnm91~mJ 

slides H~:f'J'ili:1'tJ'lJi;'Wri cl'J'W~:2 t111,jIWf)El",!~ X ~'JtJn Percoll gradients !!u~[h'W~::: 

double-label fluorescence in siru hybridization 

~ 9J 9J d 1 '" 9J ,1~O!i'l1JY'l'J1:lJl'U1J'U'Wi1~:;; 590 (14 Steps) ~m'ilEl\ll-l isotonic Percoll (100%) ~ 'JtJ Ham s FlO 
. 

Medium (30[ mOsm, pH 7.-1-) 



" 
l~~tJ1J I .:J. i'W '1 Q~ 0.5 ml 'UB'l Percoll gradients 1'W 15 ml Conical Tubes 

i ~ ;J

(Falcon 2099 ; Becton Dickinson, Franklin Lakes, NJ, USA) !~tJf1111Jl'U1J'U'W'UB~['fI'; 

: .::. I d ~ lrI ~ , '3J .:::i
'WlB['f~l:1"l'Wi1 2 ll'.i1Jl~'.i 0.7 ml overlaid nl:1"l'W'lJ'WI:1"~llm centrifuge 11 250 s 

~ q...... 

, .. 
l~'Wllm 30 'W1'11 ~'l1~ pasteur pipette tiBtJ '1 ~~ril'W'IW~ pellete 'I1BQi'Wril~q~'UB~ 9::C:C 

~ ~ 

Perc011 m.:J pellete ~ltJ 5.0 ml Ham
, 
s FlO medium 

. \" ;J

IlY) I il 
• v v. 

ll~\Jlh.:Jlll~tJ'Wll1.J(l~l~tJ~'Ul~'Il'WYW'W ~ltJfll'.iYlI:1"1J'l.'hm'r~ril'Wri 3 ~ltJ Ham s FlO medium 
, q 

. . . 
'T.I '" 9 ~ .:1"'.1 G d ,

medium 0 . .:' ml 1:'l~ llJ 111fl'W'W I'b' pasteur pipette (1llJLJmtJ1l11Q'lJIlQ~lQm1q'il) ~il['f')'Wi~f.':..J 

a ., '1. 19 ~Q ~ ~', I" '1, I, " 
'UB.:JB'l''il~~flml 0.5 mlum pipette Q~ lJ !'l1'il'ilfl'WrWBYl lWlf1BtJ '1 lJQBlIl:1"l'WWrr'lJ(1~ .U ll~; 

centrifuge n 620 g I'U-WIl1:'ll .:) -W1'11 

" 
lH1-.J'illflii-.J111-WYlB'lJ 37°C fHJ 5% CO, lll-wnm illm H' pasteur pipette 

~ 

, 
~'i1['fl-W1J-wqil (supematJ.l1t) 1.J'.i~1Jlru 0.2 ml 

d ~ .=:t .:1 v 9J ct ~ 
centnfuge 11 500 g t1J-Wnm 5 'Wl11 11-.J supematJ.l1t mnm.:J pellete e:Jflf1'J..J 

fl'.i~111m1JThf1l'.i'UB-J Wyrobek" 
. 

1YltJ~\Wq~rilhdl 
, 

I control (Ne:1t semen) ~1t!~': 
d ,~ r d '3) 

'li~Yll-Wf1l'.ilWfl'fl11l Percoll gradients llQ~1:1"1-W11 ~ Modified swim-up 'fl11l 0.01 \1 Tr:s. 

" 
0.15 M \lacL pH l5.0 .:J. f1f-.J ll~l smear iJ-W slides 111:1"~m~ l~lIhrljfnl1J!~1J'tJ\'!'Uu..J 

.. 
= ~ Q 1~~ ~ 

e:J'l''il 50-60 x 10 Iml m slides .1 l'I111'H'l 

111 spenn decondensation ~11lf1l'.i incubate slide sample l-w 0.01 M dithiothreitol 

~ dd.c::.. 9J '3J 
(DTT) in 0.1 M Tris pH l5.0 !lJ-Wnm 30 'W11111Qt1mJJ1J'HB~ m1J~lll 0.01 \[ LIS ,~.5 

diiodosalicyclic acid lithium salt), 0.001 M DTf in 0.1 M Tris pH l5.0 l~-Wllm I-~ ;~; 11J~ 
~ , 13J'3Jc2 9J 

'illfl'W-W rinsed 1'W 2xSSC pH 7.0 DQBtJ slide 'HU'H.:J'il.:J Fix ~lll Fixative (methanol: 

glacial acetic acid (3:1, v/v) l~-Wllm 30 -Wl'n llQ~1.JriBli slide l11'Ut1'l 



Preparation of Mitotic Chromosome Spreads 

11'l~0:IJ mitotic chromosome 'il1fl male peripheral blood lymphocyte 1~'W~,) control 

'J/ ""'" 	 10 
mO')1i'Uv..:J Buckle and Graig 

Chromosome Specific DNA Probes 
'JJ 

Y1),)'il~viJ chromosome X lli:l~ Y ~no specific DNA probes (Vysis) CEP X 

d 
( & satellite Spectrum Orange C]f..:J'il~ hybridize ri')'W 'UV..:J centromere (bands p 11.1 - q II, 

dJ eft 
locus DXZI) IW~ CEP Y (satellite III) Spectrum Green C]f..:J'il~ hybridize 11~,)'W'Uv-J satellite 

III (band Y q12, locus DYZI) 

In Situ Hybridization to Decondensed Sperm Cells 

111 RNase pretreatment 111Uf11,)<fl endogenous RNA (<flO incubate vhUOi-J slide 

J(')O RNase, DNase-free [00 ~lg/ml in 2xSSC pH 7.0 ltJ'Wnm I ·i')llJ,J (150 pi llluM 
" 

coverslip) 1l~T~J1,J .., lli:'!::: -+ rl 'f,J 0')0 2xSSC pH 7.0 	 IW::: deionized WJter mlJ~l~U~~ 
O(lJ 0." 1 V9J

dehydrate 1'W ethanol series ~09c , 909c lm~ 100% mllm<fliJ 11..'J slide 11m'\1,J 

" 
Denaturation of probe and DNA targetl'W.;r'WYlv'WI~0')n'W1~W'\10<fl 10 ul 4W,J 

,;, "I 'JJ
hybridization mixture C]f.:]lJ) ::: flviJYl ')0 7 .Lll Spectrum CEP Hybridization Buffer. I u 

• <J} 	 :l =..' 
Spectrum CEP DNA Probe Ui:l::: 2 ~ll puri.fied water jJ,JiJ'W slide mn denature (Jl1U (vi 

~ " Q " :1 .v'J/
coverslip 11 se::tled 'fno rubber cement) 10 Wll1 i11flUUm III 

hybridized overnight ( 16-IS -B'')llJ..:J) ~ 37 DC lU moist chamber 1l~,)~1':]~,)0 Washing at 

high stringency, 50% deionized fonnamide in 2xSSC'~ 45 DC I flf,J lli:l~ 0.1 x. SSC ~ 
" " 

60 DC ." "" I· 1 'J/ 'J/ <S d 'JJ-+ fl)..'J 1n side 'l111'\1-J'il-l mounte <fl,)0 glycerol : PBS 

diamidino-2-phenylindole (DAPI; Sigma Chemical Co., St. Louis MO, USA) 1~'W nucle:u

counterstain IW~ 2% 1,4-diazobicyclo {2,2,2) octane (DABCO; Sigma) I~U anti-fade 

'JJ 	 ~ II] 'J/dd 
reagent IW') sealed coverslips IfliJ 1111111'1 - 20 DC 

o QJ' Q..t QJ 'J}" 
'Wl slides 1l~ 45 W:·-I'W:IJlfli:l~),):lJflU I'I)J'il~viJ~~~ltul'l,)O Olympus rrucroscope 

(BX SO, Japan) equipped with multi-band fluorescence filter cube (DAPI/FITC Tex.Js 

Red) ax 100 objective 1<flOUiJ 1000 spermatozoa 1'WllYii:l~ slide spermatozoa ~1'l1'W!~'W 

~~~I~O,)lli:l~~~l1hr'WUI~'W haploid Y lla~ X Y1111aWliJ 1'W'Utu~~ cells ~':]It1Ul~U:2 ~~ 
" 

I x..X. YY lf~V XY) 'il:::IWf1l~U disomic !la~ diploid sperm ~'WvQniJ head size"1J1.J1<fl'UfJ.J 
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,htJ~~" l'nn sperm ~1{f'W 2 ~f1Jllt:J1'W nucleus ~'\J'W1V'llln~1,r,:rlJt~'W disomic lli:l::I'U'W 

diploid t~tJI11'W 2 ~V'l1'W nucleus 1'111lJ (ll'j::mUl 2-4 l'l'il'\JtJ~'\J'W1V'lUn~ ) 'l~rilt:Jm H 

photomicrographs lV'lt:J1'* Fujichrome DX400 colour slide film t,itJ'jj'W-Yin~li:lnwnV'li:ltJ~ 

Table 1 

Semen Characteristics of the 15 Semen Samples 

Volume Concentration Progressive Morphology 
Donor 

(mL) 
6 

x 10 ImL motility % % normal 

DI 3.0 97 . ~ 
-,
::> 6 

D2 6.2 13..\...5 6~ 
~~.' ..... 

D~ .' 3.5 66.1 60 I:' 

D4 4.) 117.:' 79 21 

D:, .., ~ _. I 70.0 62 7>7 

D6 1.9 357 .5 79 
..,~ 

-.' 

D7 3 .6 101 .5 61 25 

D~ 7>.7 21.:' .2 :' I 6 

D9 
~ .., 

L~:'.4 :'5 ., 

DIO 2..+ 12:; . ~ r .' 9 

DII :; . 1 91.4 6..\. II 

DI2 4.0 13~.:; 45 2:' 

D 13 3.0 200.8 41 
..,~ 

-.' 

DI4 1.8 229.1 47 20 

DI5 4.5 95.7 85 26 

\-lean 3.4 145 60 19 
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Table 2 

X and Y Labelling Results for Control (Neat Semen) 

Neat Semen (Control) 

Donor 0 X Y XX yy Xy XXYY 

No. unlabeled 

I 1 I :+~~ :+97 I - ::1 -

'")- 21 499 476 I I 2 -

, :+0 476 :+~I 2 - I -

:+ 29 477 :+90 1 I 2 -

.:; II :+99 4~7 - 2 I -

6 ~ 506 :+~::1 I I I -

I 19 :+~O :+99 I - I -

:5 34 :+92 :+~I - '")- I -

') 35 :+71 491 I - I ; 

10 10 49; -1-~9 '") 

- - ') 

- -

I I 17 :+~I :+99 I I I -

12 ~2 :+Ii :+~~ I - ') - -

!3 19 :+~C :+95 :2 - ') - -

1:+ II :+))7 :+99 I I I -

15 39 469 :+~8 I - -' -

Total 325 7:2~1 7343 16 9 24 I 

Labeled X y XX yy Y XXYY 

% 97.82 48.53 48.94 0.106 0.059 0.159 0.006 
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: ';9 I" l"l" 
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Table 4 

Summary of Results 

Percoll Modified 

'70 Control Gradienl Swim-up 

Labeled 9n~2 9~.55 9~.S3 

X -PL53 53.92 40 .53 

Y ";S .94 -1·:L' 7 -l-S.ll 

SignirlCtnl r > 0.05 



" " " ~fllJ ru::;'Utl-:J'\.htHT~'Utl-:JtJ1{1'l{1'iJm 15 fl'\.J !!MI-:J i'\.J Table 'W1tl~~L'1~l'LHJf'Jrum"I~. 

~ 1I1~ d '1Ol.t dY 9J Q

lymphocyte 'Utl-:J~'lf1tJ !v'HH1~lI'l':i1m~11 double-label mJl-:J'lf'fll'U'\.J {1'{1'lJ VtllJ'fI'fI X chromosome 

dd 9J CIt. 

!!!:l::;{1'I'UtJ1 VtllJ'fI'fI Y chromosome Hybridization 
.dod Q.I 

m11lJmm1!1'\.J~-:J':i::;'fI11{1'lfl!:l Control 
l\'j.I 
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97JQ%, Percoll 
"I ~ 
!'fI 

. 
9l5 .55% !!!:l::; Swrm-up 

Vj ~ 
!~ 9~K1% (~ Table 2 LL!:l::;~) Shift 'UD~ 

ralio 'Utl-:J X LL!:l::; Y sperm 11~-:Jf1l':i,\11 11l Swim-up !!!:l::; Perco!! 111'\.J 'Mi~Hl!:l::;~m1mf1JltJ 
OQ d 9J I ld ... 1 .::Ii'... <l 

'\1 1-:J{1'1:Wl tl-:Jl!lJ11f1l':illlI:lV'\.JLLll!:l-:J'U::;lJ JJmflflmtJ Control = 4~.5~: 4l5.94, Swim-up = 40.~~ 

: 5l5.11 Percoll = 53.92 : -!....L37 lP > 0.05) (<?J Table 3 LL!:l::; 4) Aneuploid sperm (:\..\ 

YY or Xl') 1'/11'11i' [limfl ~i~LL~ 0.006 Q-J 0.106 l~mmv11lriv11tl11':i1V~1'\.Jt'\.J 5 1: 1f,,1. 

tll'U l~ '\.Jm ':i l::;lltl~~ 'U 1fl a 1 {1'l{1'JJfI':i ~'11 f)l ':i Y1Vi I:ltl.J~fl ruJ11'~~ (<?J T:1b Ie 2) 

~-lm'U1i X 'f~e:J Y chromosome X lW::; Y chromosome ~'U'\.J1Yl 'lli!'\11tl'\.Jfl~11f1tl X J 

'U'\.J1'fllmYfll1LL!:ldJD~mru DNA lJlflfll1 Y tlQLh::;mru 3.5% !!Yifl11lJ!!Y1fl~1.Jl'\.Jl{llnrfl~ 
y , 

'\.JtlV fl 11 

SheuJe 
1
: L<tltll1 Y sperm l~flfll1 lfl~tl'\.Jhi1L~lfll1 X sperm !l~mqi'\.Jfll1 1':i1 'l~ 

') ~ 'lI ." 
{1'llJl':itlYl':i1'U1Wfl X LL!:l::; Y sperm l~tJfllHl':i1'U'fI1Vfl!:ltl-:J~m1':i':if1' 

,f-J X LL!:l::; Y sperm i'l-:J~fl{1'f1-:Ji'\.J~1'\.J1'\.Jnl1 '1 tl'\.J i1ltJl'\.J Seminiferous rubules 

L'~':i1::;Yi1-J RLn'fl'U1fl f1l':i !!1.i-lYl1'Utl-:J spermatogonia l~ftllJtl'\.J i '\.J1:l'U~1T'\.J lli1i'1~fl~1'\.J'li-:Jl1m; 

L'U~ru11~tlfll':itlci':ia'fl'Utl-:Jtl{1'~~1i X l!!:l::; Y chromosome 1im1lJLL'fIflvi1-:Jn'\.Jl~m)ciit.J \";'!s
u ~ q ~ 

deferen 

L~Vfll1 "Y body" L~tldtllJ1i"W Quinacrine hydrochloride m1lJrtii1i'Ufl'W1lJli~tlci1-:Jflll~ 
'U11-:JL~'\.JnmmntJ1J •!!Yi1J'U~1T'\.J!':i 1L~tll1i1itilliUflYltl-l !!!:l::;I~tli'itlllil1i' !'W':i 1::; Quin3crme 

: Y 9J 3 
lll-Jfl':i -lVtllJ antosome 'Utl-:J sperm YllV 

http:l~mmv11lriv11tl11':i1V~1'\.Jt'\.J5


I-J. 


• 

\llflf)1'jftfl£Jl!mVU1-nOUf)1'il'rn DNA probe nu11it!mJ~':w Quinacrine mustard 

1'lul111ilfH'hjl~ 11i1!fl'jl~lf Karyotype 'UB~B~~fl'U l1r;i'~\llflN];ylInul'lirn.l Hamster lD'W 

'V .c:::u::::f .t:1 I I C&.I " 
Karyotype WJ011ilJ"~U11 ratio 'UB.J sex chromosome 'UB~ speIm !'YIlflU 50.2 : 49.~ (I : 1) 

Joseph IW~flW~111m DNA in situ hybridization 'H' y chromosome probe hl{J!\l1'/1~ 
, 13 j 3J OJ 3J ~ 

'WU Y speIm 4~.3% ~BlIl Han 'b' Probe X & Y r.I];YlIfllJlIC'l~~n\l speIm 1~'jBlJ <"] fn.J 

. " " 
'nUll B];Y~llJlh~Bl:i-ff'flri1lJ X UC'l!' Y 47.9%: 47.2% fll'jm1\1 chromosome 11~l'n)--l 

-'</ , " 
l'l!mJ <"] nlJ VIl lM'l:iY'l1 111 1ll.J lJ 01i U f)1'j~'jJ\llIlfl~lJ \llflNC'lf)1':ifTf1£Jl'UB-:J!:i1I'/U11 ratio X 

9 I lev 0 L:l~ d 

lW~ Y speIm !lJfl~:JJ Control ~mmJ 48.5: 48.9 NC'l'UB-:Jf)1:i111 Hybridization speIm .m/rlfi 

I~U~till'ltll\11lJ:i~~U];ylflC'l fiB 97.5% !W~1l.J~lfll1 95% llJ1Jfl sample 

'" ill '1 Ih'J,)oH' Double - Libel FISH direct flB 
.:::::), Ij!QJ ~ d 

(tluorophores) ~'fl1lmf1l'UlflU];Yl'j'Utl--l DNA lmwl':i~ mBYl'jJil];yB'U chromosome X !!C'l;:: 

Y 1lJ tl];y~tflJ '1~NC'l~ ];y11ll:i flm l\nmU-ffUJUJ 1 ru 'hi'tI ciWtl'fll \llJ ~-:J1Jl.J ilJ Yl tllJ lIYl flYil--l \I 1 fllll 
• <J <J 

'" lJlm~llJ (Yysis Procedure) fitl 

OJ ~ 

~l)!l1Jlru (signal) O-:Jfl..J'b''fl!l1lJ 

2. fll'j Denatured It" ~'W91tllJl~tnnlJ1f~ probe 1IC'l~ slide 

, d 6 
fl. Ericsson s Albumin Column nWIIVfl Y speIm 

d 
'U. Percoll Multiple gradients Centrification n~mWfl X speIm 

.d ~ d' 'lI~ ~ I .d ct I 9.115 
fl. Sephadex gel filtration mmwn X speIm l1ilJ 1'fli~'Q'\llJ11!'b'BtlB1111~ 

--l. Swim-up mlllHllWfl Y speIm \llfl X 1t 
\I. Flow cytometry l:i:ilV-:JllJl1 lWfl X speIm 1~ 82.2% 1IC'l~ Y speIm 7S.SC:c 

I 10 
I'flVJohnson 1IC'l~flW~ 
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17 "1 ~"" Q 0', .,j 9 Q 

flW~l'j"l l~rrf1fll'l1~~'W Ericsson s Albwnin column mmWf1 Y sperm !'WD~~'UD~ 

tll,n~iTm 15 fit.! UCl~HJ Double specific DNA prober yt~~.w 'l1'lr:h ratio of X & y 

sperm it.! Control !'vililiJ 50.0 : ..J.9J~ UCl~rn:r-:Jfll'j"~l'W Albumin column !'\'hO'lJ 48.8 : 51.0 

d VJ 'do 'Q.J 18 , Q,I '.c:..d., IrJ 'JJ 
"ll'~ 1:lJ:lJfl11:lJUVlfWll-:Jf1'W Wang 'iltl-:Jl'W!'lfUf1'W11Tfi Ericsson s Albumin column !~ ratio X 

& Y sperm !'vhO'lJ 50.8 : 46.7 (control 4l:U:!: 4lU) U~~'l1'Wl'j"ll~Dil Albumin column 

, 0 <j} ~ ~ i ~ 15 
method i:lJmm'j"fl'Yllhr ratio 'UD-.l Y sperm !'l1:lJ'U'W ~ 

. 
NCl'UD-:Jfllnl~ClD-:Jr~'lJl1 \lodified Swim-up m'lll'j"fl shift ratio 'UD-:J X & Y sperm 

1l1fl 50.0 : 49.8 ltJ'W 40.5 : 5lU Lli:j:-; PercolJ Multiple Gradient Centrifugation ~1f1 50.0 : 

" 
-+9.0 !tJ'W 53.9 : 44.4 (j-:JUJJ';h shift l1'W~~h;mf1 ll91 significant (p > 0.05) 

17 d , 
Wang lW~flW:-; Wt~'lJl1 Percoll Centrifugation 

separating X sperm ~ ratio shift 1l1rl -+9.0 : ..J.8.2 (Control) to 55.1 :.:.J.l.l p < 0.001 ~i:ji'1~ 
I I <j} .Q.d, 1I1:JJ 

rllliJD-.l!'j"lUllNCl'UtJ-.lfll'j"!Wf1 Y sperm ~1t11'1i Modified Swim-up '\JtJ-.ll'j"ll~r-lCl significant 

IcrDl'lhtl'lJ !'ntl'lJO'lJ Han lW:-;flW;:;:' ~;]'lY)NCl'1:u significant ~tJ -+7.3 : ..J.6.9 (control) UCl~ ..J.o .-+ : 

..J.7 .1 (S wim-up) 

. " cl 9J'~ o~9J y<j} ~d 

fl-.lUlJl11'1i Percoll lW:-; Swim-up ~~m !'l'ffll1:lJl'UiJ'IJ'W'lJD-:J X UCl~ Y sperm 1l'liJ'IJ'W 

tJcil-.lllfl11:lJc1'lrltyil1-:J(l'~~ nm:lJ UYifll1iJU~f1~1-.lV-:JiJ lli:lJlf1 G ledhill 
l8 

m),:dlti'l~~ hriJfI11}J 

'\1lJllJ m-.l(l'~~ UCl~i11i,rmrr'UtJ-.l l~ f1~ln~ljfl11:lJU~1f)~1~D{h-:J<ti~I~'W D~~~l~~ lJ:lJ~llJThif~;:;
q 

• 

ll~Dth~h nm:lJ l'j"l~~~lrW'W fll'j"i;1lJ'Yll-:JfI~-Wfl~v hJ ;)fJ lVl~ t1:lJV,,!~~llJTh Swim-up 

'\1~D Percoll 1l~11111,jN(l':lJdllJiJ '\JW~I~lJl0'Wn~~ Smear fJ(l'~H~1lJ l~DYl'jl~~E~cYl'W'\JtJ-.l, ~ 

" Y . 
Q <j} d Q,I cI Q, d d I Q.I Q 

fJ'1'~ X UCl~ Y m:lJfll'j"Vl-:JfI'j'jJllfl~iJ'W n'W~111r~rr'UD-:Jrl1'jfl\J:-;YlHf1'lJ~Clfll'jYl'j"1~fJ,,!~ X llCl~ 

Y 'l'f~D lli fll'ji;1lJrl1-:JfI~'I1f1~~~tJ-.l HnmUCl~~l'Wl'W fll'j~-.lm'j .n~D-:Jljmf1'l1 fJ~:lJfl1'j (j-:J~;:; 
(l'~iJ~ml1-:JfI~-W fll~ 

v 
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'Uru~!~tnr1'W\l~l11f11'~il,ylJ~~m{";nJ'Ue.J~ tJ'1~ Y 'l1~~fll'n11 Modified Swim-up ~D'hJ 
v • " . ~I 

!t~\l~Yil :: fl~~ 11~e.Jw:hflJl'lJl4.i''lJ4.i''W'Ue.J~e.J-cr~ y \l~n~'lJ~'W'l1~e.Jhj llimmlJ1Jl'l1lJ1Jr11J1hlf-l 
~ . 

" . 
d "1,,1.::1 d~ 31 ~ d.:::lo. 9J ~ lIJ9Iw c::! 

'WlJllJl'lJ'lJ~ f191 tJ .1Je.J f1'l1ClllJ "1 fl'W llm 1'l1f1 ~mllJ'Wlml"I1'lJ1J~ 1'lJl'j~ lVle.J.:J fll'j f1 \l~ l~'j1J fll':i WlJ-l1'J 

eJcil~~ hjtlmltJ~~~ rl-crm-crflU hllJ~J'W l'l1tu~tJ~fll'jij1Jmtf.:J :2 l'Wfl 
~ ~ u q 
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.<::). 0 CI,.I d .d 

'1'.:j '1'lfltlfl1~~ fl B 

·Hu1,)tJf)1·H.y;:lJir~ri ':l'we:r,!~ X H~:::; Y ~')tJ1TI Modified Swim-up ll~:::; Percoll 

Centrifugation iJ:ilf)~rh'1'l:lJl:rt:lm:::;'111~~lt~~ hn:::;~u'l1if.:j ~.:j'1':lJfllTYhfl1:rl,)tJ~B 1iJ~ltJn 
. " 

Modified Swim-up cJf~ 1~'YrVll ·inlli~h'!:IJ1w.:j hJ')rB.:ji'l~~B.:j'UB~'I1't.htJ Andrology 

. . 


• 



fl ru~fJ\Yo'U v'Uv1Jfl til fl'1(1'~ 'j 11) 1'j 0 1J 1omn1Orrfl')WJ'W 'l1~l,:jfY ~ "l1PTI'l1'f1l'j (1'-W1J(1't{ tJ lu 

fll'ji1@1J11jfl(1lm l!~~!fl~v~~vYil~ 'l ~r11JmJol1J'l1'v~ml~v~'Uv~'11tho Andrology fIlfJi'1il 

y 

~ l'wi\Yo{i I~itJ!~1J V11J. 1:r-Wmr1J 1J 1~W!~1J ~1Jlh ~tJlru!lri1J ~1J 
" 
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