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The determination of size and concentration 

of human sperm with an electronic particle chnter 

DONALD L. 0 0 B D O N , *  D O N A L D  J. NOOICE, T O D D  TIIOILSLUND,** 
and C .  ALVIN PAULSEK Scatlle, Jl'aslb. 

Two hundrcd and twcnty.tlcrce seminal $ukZ spccimcnr 1al;cn /font hunrm8 werc cwnlcd 
both by  an clcctronic particle countm and by tlcc cotrvcntwnd )mnocytometcr method 
and tlbC rcsults wcrc compwcd. dn analysis of voriancc sltowcd that tica rlops did not 
difler sigrrijhntly from unity and tlrc itrtcrccpl did trot difcr from rmo, whi& demon- 
strates a high dspcc of correlation bctwcm tlic iwo mcilrods. Sperm wtwmtza twn  WQI 
obtiaincd with thc modd U Collllcr count0 aid with tkc W c  of a ncw dilucnt. IntCWd 
io tlrc tccliniqur: was tlbc establisftmcnt of tlrc ttpjicr and lower bordcrs of lice s p c m  
puplnt ion which was doirc by dctcrmining tlic si:c distribution p a l l m  for each spcci- 
mcir. Z'kc avrragc s;olunic of human spcrni lias bcrn rctlctcrmincd aid found do rmge 
froin 10 lo $2 p3 with a niodc of 15 ps. Tlbc dafa Cidicatc that thc clcctronk counlm id 
B rcliablc and practical means for Jctcrmining tbc sperm concentration in human seminal 
fluid. Furllrcrmorc, i t  pcrmits ihc rapid dctcrnrination uf largc numbers of q c c i m n u  
with case. 

Scln ina l  fluid csamiiiatioii is mi important part in any invwligation of 
tcsticular function. Tlic paramctcrs iiiost coininonly analyzcd aiy: scniiual fluid 
volumc, sperm conccntrittion, moi-pliology, and motility. Wiilc sperm conccn- 
tration has bccn dctcimiiied by tlic licmocytonictcr mcthocl for many ycars, thcrc 
arc a iiunibcr of ,limitations inhcrcnt in this proccdurc wliicli liavc hcu pointed 
out but not gcncrallp apprcciatcd.'. Tlicsc limitations includc uticqual dk- 
tribution of pnrticlcs in tlic counting cliatiiber and variability in tlic counting 
mid identification of spcrm by tlic C S ~ I I I ~ ~ I I C ~ .  Also, tlic problaii of tcclinician 
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fatiguc nccds to bc considcred, cspeciidly wlicii a largc nuiiibcr of sl~ccinicns 
have to bc cxaniincd. I n  our laboratory, 200 paircd spcmni counts pcrfoniicd by 
two technicians using the liernocytoliletcr rnctliod rcsultcd in a deviation of 
grcatcr than -+ 10 pcr cent of thc mcaii in ‘10 pcr cciit of tlic spccinlcns. This 
largc varianec in counting also csists with tlic hcmocytomctcr nictliod whcn 
applied to rcd blood cells.J 

An clcctronic countcr dcsigiicd to iiicasurc diffcrcllccs in coductivits bc- 
twccn particles and surrounding liquidJ has bccn uscd satisfactorily in counting 
objccts sncli as rcd and wliitc blood cclls and Dliltclcls.*’ ‘* 5* ’ Scgd illid LN- 
rcncc‘ udaptcd this macliinc so that Iiuma~i spclm ccll volumc and conccntratioll 
could bc dctcrniincd. Unfortunately, tlicrc wiu a widc raiigc of crror Ixtwccn 
tlic rcsults tlrcy obtaincd for hcniocytonictcr and clcctronic counting. On tlic 
otlicr hand, Clovcr arid Pliipps’ rcportcd u bcttcr cordat ion in tiicir prc- 
liminary studies with bull spcmi. Sincc tlic clcclronic counter would iiiiprovc 
thc cvaluation of largc iiuiiibcrs of sciiiinnl fluid sainplcs by virtue of its 
rapidity, wc rcinvcstigatcd thc problcnr of its accuracy. 

This papcr dcscribcs an irnpivvcd iiictl~od of applying tlic usc oE tlic clcc- 
tronic particle countcr to tlic dctcnnination of tlic size and conccntratiou of 
human spcrm. 

Materials and methods 
Scniinnl fluid spceimcns, collcctcd into e l m  nidicine g lwc~ ,  wcrc oblniocd from inmate 

voluntccrs nt tlic \Vasliington Stnto Pcnitcntiary. For this study, 223 such apccinrcns wcre 
obtained. I.’ollowitig nicnsurclucnt of volume and cstinirtion of motility, thc scminal fluid wm 
trniisfcrrcd to slicll vials, frozcir, nrid shipped to our Inborntory iii insulated conbincrn. 

Bcfore counting, tlic sctiiirial fluid was tliasvcd, thoroughly mixcd, and 0.1 nil. was diluted 
(1:1,000) with 100 ml. of n diluant coriiposcd of 10 ml. of 1 per cent snponin in isotonic 
slrlinc, 85 nil. of isotonic saline,' and 5 nil. of RInciaI ncctic mid. Counts ivcrc pcrformcd 
60 2 15 minutes a f te r  dilution sincc crystalline niattcr, otlicr dcbris, white blood cclls, and 
clutnpiiig wcrc minimal at this tinic interval. Scvcrc clumping \v(w occnsionnlly awn cvitli tlic 
niicroscopc at (IO minutes. Jf such was tlic uwc, compnrntivc studics wcrc not carried out. 
I f  tlic spcrm conccntrntion was lcss than 10 million pcr millilitcr, thc count was rdctcrmincd 
with a 1:500 dilution, if bctwcn 200 and 400 niillion per milliliter, tlic dilution \vas in- 
crcnscd to I:Z,OOO, nnd i f  tlic concentration was grcatcr than 400 million pcr millilitcr, a 
1:4,000 dilution \vas utilized. 

TIie clcctronic countcr uscd was R modrl I) Coultcr eouiitcr with n 50 p npr tu ro  tube; 
tlic npcrturc currcnt was sct nt W and tlic aniplibaTtion at 1. With tlic uac of a 50 X mcrcury 
fflauonictcr, 0.05 nil. of dilutcd acniinnl fluid was pnsscd through tlic orificc. Tho instrumcnt 
wns calibrntcd with particles of a known volunic, i.c., r q v c c d  pollcn wit11 a mean corpuscular 
voluiiic (hICV) of 3,SS4 p3 and liurunn red blood cclls, NCV of 80 pJ. 

A pnrticlc size distribution plottcr wvas aligncd to tho upprr and lower tlircsliolds of 
tlic niuclcl 11 countcr. Tlic scnlc factor, which rcylntcs tlic liciglit of tlic graph, was adjusled 
bctwccn 4 arid G to bcst ncliicvc tlic lower point, (“trougli”), bctwccn tlic dcbris and spcrm 
populntioris, na rvcll as to dcfiiic tlic inodc of tlic CUTVC. Four acconds \vas uscd n.. tlic timc 
rcquirGd to dctcrniinc tlic particlo concentration of c z l i  winclow (cyc~o timc). 

Total counts wcrc obtnincd in tlic follo\ring mnnncr: Tlic “trougli” bctwecii tlic dcbris 
and spernr population \vas locdixcd and uscd a! tlic lowcr bordcr of tlic spcrm populntiun 
for cncli scniinal fluid spccinicii. Tlic uppcr border was dclcrniiiied by finding tlic point n t  
wliicli llic spcnii coiiccntrntion most clcnrly nintclicd thc “trough” in Iiciglit (Pig. 1). Tlicso 

*Obtnlncd Crom Cutter Lnborntorics. Bcrkcley. CJlf. 
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points are dcsignatcd on tlic plotter gnpli as niudow numbcrs. Each window COrrCSpollds 
to 4 threshold divisions on tho modcl 13 couutcr. Tlic uppcr and lowcr thresholds on tllc 
clectronic countcr wcrc adjusted to apliroximntc tlic bordcrs of tho spcrm population deter- 
mined by tlic plottcr graph. All prrticlcs bct\r.ccn tlicsc tlircsliold sottings wcro dctcrruind 
fire tirrics with tlic ruodcl 11 countcr, thc plotter bciiig disconueelcd. Thc avcmgr nuiiibr of 
particlcv was cxpresucd i ~ 9  tlic uricorrwtcd couut. Siiicc tlic ~)RS.SRRC of two or nictrc pnrtielcs 
through tlic apcrturc siniultancously would bo rcgistcrcd ns a singlo particlr, i t  WIU Jieccrrsliry 
to correct for this phcnonicnon. Tlic frcqucncy with \\hid1 this occurs is dircctly rclntcd to 
tlic conccntritiou of particles.2 This lins bccn dcsiglurtcd tho coincidence fnctor aud \\'as Used 
to adjust the uiicorrcctcd counte (Tablc I). To corrwt for pr t ic lc  coiitnrnin~tio~i of thc 
reagents and g~nss%vnrc, i blnrdi solution comprised of dilucnt D~orlo \vPS counbd fivc tilllCS 
a t  tlic sanic tlircsliold scttirigs. Tlic nicnn valuo thus obtnincd IVRS subtrnclccl froin tlic CO- 

incidcncc-corrcclcd couiit. Tlicn tlic dilution factors wcrc takcn into nwouut to obtain tho 
filial cmccntrntion of s p r m  pcr uiillilitcr (Tnblc 1). 

Tlic elcctroiiic nnd Iicinocytouictcr prnccdurcs \rcro pcrformcd iiidcpcndcntly lty sclnrntc 
tcc1inici:ms. Twu to 4 Iiciiiorgtouiclcr counts dctcrniiiicd arid tlic uicnii traa acccptcd IW 
tlic Ircnioc~tornctcr courit. 

Tlic licniocytouctcr count wna pcrformcd initinlly using a stmdnrd rccl ltloocl ccll pipctto 
(1:200 dilution). Tlic sniiic dilucint nnd tiriic fnclor irftcr dilution wcrc used fu r  Imotli riic~lrnd~ 
of counting. Spcrin coiiiits uritlrr 20 inillion pcr iiiillililcr wcrc rm.oiiiitnr1 using R wliitc liloncl 
ccll pipette (1:20 dilution). Only intact spcriii, Iicads with ntbclicd iiiiddlc pieecs or middlc 
picccs with attrclicd tnila, wcrc uwiitcd, rinrc tho dillcrcntintion of tlic icrohtctl slwrrri licnd 
frorii dcbris \vas considrwd to 1w ton vrrirblc. Tlic rcsolta acre cxprcwcd in inillions of 
spcru pcr niillilitcr of wiiiinal fluid. 

Tlic rcproducibility of tlic Iieiiiocytonirtrr aid clcctronic nictliods W R ~  eoniprrcd by 
counting two scniinnl fluid q~winii-ns riglit tiiiicr 1)p cireli mctliod. Frcali dilutions wcrc prc- 
1JirCd for cncli dctcrmiii:rtioii. Tlic rcsulls wcrc tlicii aiialyscd for vnriannrc nnd validity. 

i 
humbcr 3 

Results 

Tlic values obbiiicd by calibrating tlic clcctroiiic coutitcr with rcil blood 
cclls and ragwcecl pollcn wcrc in  closc agrcriricnt, 0.38 pJ and 0.39 pJ pcr 
tlircsliold division, lwpcctivcly; tlicrclorc, rid1 thrcsliold division mcnsurcd u 
particlc voluiiic of 0.4 $. 

Tlic size rangc of spcrm prcsciit in 100 scminal fluid spccinicns is dcpictcd 
in Tablc 11. Thc mcan valurs for tlic loacr and uppcr 1)orclcrs oE tlrc populr?- 
tion wcrc 24 (range 16-40) and 5G (raiigc 40-68), rcslwctivcly. Tlrcsc tlnwliold 
settings rcprcsciitcd n nicaii population rniigc from 10 to 23 pa, siiicc c;tcll 

lcrlrl 
No. of I sprcirtimx 

.. ...- .-.. . 
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. . .  . .  



J.  Lab. & Clin. Md. 
hlarcb. 1965 

Sperm cuncoitrafwrr (million/ml.) 

Rlcc t ronic I procctl tire 
nc-cyttmctcr 

I 
loo0 I IO 1 0 0  

Clrchonk can( ( d l l i d m l l  

]Jig. t. Conipnrison of apcrin conrcntrntion dcterluincd by clcctrultic nnd liciiioeylolnctcr 
IllCtllOdS. 

Tal for 1 

TahEc ZZI. Analysis of variancc for slopc plottcd in Fig. 2 

SoUrcI? 1 ~ c g r c a  of frcedom I Sum of rquores I Ucan sqwre 
53.48,331 53.48,334 1 Error 221 O.i1,22G 0.00,322 

Total 222 54.19,5GO 

Slope (b) 

Tublc 11’. Analysis of variance for rcpcntcd coiuiting of 2 scminal fluid salilplcs 

Sprcimmr A (low sperm conccnlrdwn) 
bfcnn (H) 13.92 
Varinnco (S*) 1.210 

13.61 
0.432 

Kot significant 
Not significant 

Spcckin B (mcdium spcrm cunmilrolion) 
*.“b m , b  ....... bf.ican (x) 83.2 81.9 

Variance ( 9 2 )  52.1 9 

* ~ i g h t  dcterminatlons by cach procedure. 
2.203 

.... ,:,:G”,*t 

< 0.001 

thrcshold division mcasurcd a particle volumc of 0.4 p3. The  node of this 
population wu 15 p5 and rclnaincd coiistrrnt with varying spcrm cOlicCntI’atiOnS. 

Tilc spciin concciitration for tlic ‘“23 S C I I ~ ~ I ~ ~ I I  iluiil spccimcns i l l  this study 
rantcd from 1.4 to 471 million pcr milliliter. TIN valucs obtaincd by tlic two 
mctliods wcrc plottcd against cacli otlicr in Fig. 3 and analyzcd for variancc 
in Table 111. Thc cnlculatccl slopc was 0.99843 with L\ corrchtioll cocfficicrlt Of 
0.09931. 

Two scminnl fluid spccimcns wcrc couiitcd S h l c s  1 ~ ’  both proccdurcs to 
dctcrniinc tlic variability of cacli proccdurc. Wliilc tlicrc was no statistically 
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significant diffcrcncc in counting tlic spcciliicn with a low spcrni conccntratioll, 
this was not truc of thc specimen with a niediuni spcrrn conccntration. T h  
variance for tlic heniocytomctcr and clectroliic nictliods was 52.19 and 2.203, 
rcspectivcly, tlic elcctronic pimcdure bcillg significmtly less variablc (Table 
IV). 

Discussion 

Whcn comparing a ncw tccliniquc for cstiniating spcrni concentration with 
an cstablished mcthod, two qucstions necd to bc aiiswcrcd: Do both tccliniclucs 
givc similar cstimatcs? Which proccdurc has lcss inl~crcnt variability? 

A calculation of tlic coiiipnrisoii of 233 pnircd spcriii coiints, dctci*iiiihccl 1)y 
cacli of tlic mctliocls, rcsultcd in a slopc 01 0.99S43 ;iiid a corrcliitio11 cocficicri1 
of 0.09921. Sincc tlic slope docs not significantly diffcr €rom 1 ( t  - -0.203) 
and tlic intcrccpt docs not vary froin xcro ( t  = 0.415), tlic spcr~n co111its pcr- 
fornicd by tlicsc two tccluiiqt~cs my: intcrchangcablc undcr thc coI!(litio1is wc 
employ cd. 

Although only two seiiiinal fluid spccimcns wcrc sub jcctcd to repcot coulit- 
ing by a c l i  mcthod, it appcars that tlic licinocytomctcr count will bc lcss rc- 
produciblc undcr ccrtain conditions. Furtlicr study would bc ncccswry bcforc 
all of the factors arc undcrstood. 

Analysis of the data of Lnurcncc arid Carpuk'O €or 16 spcrm counts on 
y i i ica  pig smiiiial fluid dctcniiiiicd by thc clcctronic iiictliod rcvcalcd a poor 
corrclation with tlic liemocytonictcr tccliniquc. Scgal and Laurcncc' rcportcd 
bcttcr rcsults using human scniiiial fluid by grossly grouping tlicir counts into 
high, mcdiuni, and low rangcs. Howcvcr, wlicii oiic coniparcs tlic actual nqrncri- 
cal valiics obtaincd, thc agrccmcnt bctwccn tlic clectroiiic and licniocylonictcr 
mcthods is not satisfactory. Thc closcr corrclation obtaincd in our study appcnrs 
to bc duc to two factors, tlic usc of an improved dilucnt to cffcctivcly rcrnovc 
intcrfcring dcbris, and the use of variablc thrcshold scttiiigs to cstablish thc 
sixc rangc for cach individual spcrni population. 

A varicty of dilucnts liarc bccn usccl for spcm coutits to rcducc dcbris and 
clumping. Wc liad no succcss with isotonic siili1ic a lo~ ic ,~  or  saponin as a 0.01 
pcr ccnt solution,' and only niodcratc succcss with saponin as a 0.1 pcr ccnt 
solution in rcinoving dcbris. Tlic lattcr conccntration of uponin sccrncd to prc- 
vcnt clumping, csccpt on rarc occasions. Thc dditioii of 5 pcr cent glilchl 
acctic acid to tlic saponin-salinc mixturc rcriiovcd most o€ tiic intcrfcriiig par- 
ticulatc niattcr without grossly nltcriiig tlic spcriii, and thus pcrniittcd a slinrpcr 
discrimination of tlic spcim popul a t' ion. 

Laurcncc a id  CarpuIP and Scgnl aid I~aiirciicc~ uscd fiscd tlircdiold 
settings €or all samples countcd. Wc found tlint tlic bouiidarics of thc spcrm 
population arc Iiiglily variable in diffcrciit sCi1iilliil fluid spcciiiictis (Trrblc 11). 
It is cvidcnt t i a t  idcntical tlircsliold scttiiigs might iiicludc cscwivc quailtitics 
ol  dcbris or sncrificc par t  of tlic spcrm population bcing countcd; tlicrcforc, 8 

graphic rcprcsciitation of sizc distribution is xicce.wry 011 cnch spccitncti to 
dctcrminc tlic bordcrs of tlic spcriii population. Tlic total count may tlicn IC 
obtained bctwccii tlicsc boundarics utilizing tlic clcctroiiic particlc counter. 
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With counts below 10 nullioii pcr milliliter, thc boundarics ol  tlic spcrm 
population become increasingly difficult to dcfinc ou thc plottcr graph. By in- 
crcasiug tlic conccntration of particlcs twofold (1 :SO0 dilution) from the 
standard dilution, onc obtains iiicrcascd rcsolutioii of thc s p c m  population. 
Sperm concentrations abovc PO0 million pcr inillilitcr of scminal fluid cxcccd 
tlic capacity of tlie electronic couiitcr. In thesc instunccs, dilutions grcatcr than 
1 :1,000 producc conccntrations within n rangc suitable for counting by tlie 
macliinc. 

Thc m a n  volume rangc for human spclnl prcscntcd in this papcr (10 to 
22 p 3 )  is at variancc with tlic rcsults of Scgal and Laureiicc' (2S.O to  75.4 p 3 ) .  
Sincc tlicir graphic rcprcscnttion of the spcrni population i s  siniilar to our 
findings, tlic disilgrccrncnt niust IC iii tlic ailibration of thc clcctroiiic countcr. 
Our calibration was pcrfoimcd with two diffcrent typcs of purticlcs (ragwccd 
pollcn and rcd blood cclls) with closc qrccmcnt. Dr. IC. A. Laurcncc has in- 
iormcd us that an crror \vas discovcrcd in his and Dr. Scgal's calibrtition. We 
undcrstaiid that a rcport to this cffect is bcing prcparcd. * 

- This invcstigntion l ins bwn r n d c  possiblo tlrrouph tlic cooperation of tlrc inniatc volun- 
tccrs and tlic administrative staff of tho Wnsliington State Pcnitcntiary, Wnlla Wnlla, Wash- 
ington. 

Thc authors wish to cxprcns thcir apprccintion for tlrc vnlunblo tcclinicsl Msistancc of 
Mr. Dale Christcnscn, rcprcscntativc of Coultcr Electronics Salcs Compnny. Wc also wiah to 
ocknowlcdge tlic technical assistance of Nam Soon Joun, Sara J. IIarrington, and Judith 
Eiscnthnl. 
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