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The determination of size and concentration

of human sperm with an electronic particle counter L

DONALD L. GORDON,* DONALD J. MOORE, TODD TIIORSLUND,**
and C. ALVIN PAULSEN Seatile, Wash.

Two hundred and twmty~thrce seminal fluid spccimens talien from humans were counted l
both by an electronic particle counter and by the conventional hemocylometer method b
and the results were comparcd. An analysis of variance showcd that the slope did not .
differ significantly from wunity and the intercept did not differ from zervo, which demon- :
strates a high degree of corrclation between the two mcthods. Sperm concentration was i
obtaincd with the modcl B Couller counter and with the use of a new diluent. Integral :
{0 the technique was the establishment of the upper and lower borders of the sperm !
population which was donc by determining the size distribution patlern for cach speci- .o
men. The average volume of huwman sperm has been redetermined and found (o range o XN
Jrom 10 to 22 pu3 with a mode of 15 p*. The data indicate that the clectronic counler s
¢ rcliable and praclical mecans for determining the sperm concentralion in human seminal
fluid. Furthermore, it permits the rapid delcrmination of large numbers of specimens
with case.

Scminal fluid examination is an important part in any investigation of |
testicular function. The parameticrs most commonly analyzed are seminal fluid
volume, sperm concentration, morphology, and motility. While sperm concen-
tration has been determined by the hemocytometer method for many ycars, there
arc a number of limitations inherent in this procedure which have been pointed
out but not generally appreciated. 2 These limitations include unequal dis-
tribution of particles in the counting chamber and variability in the counting
and identification of sperm by the examiner. Also, the problem of technician
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fatigue nceds to be considered, especially when a large number of speeiniens
have to be examined. In our laboratory, 200 paired sperm counts performed by
two technicians using the hemocytometer method resulted in a deviation of
greater than + 10 per cent of the mean in 20 per cent of the specimens. This
large variance in counting also exists with the hemocytometer method when
applied to red blood cells. S
: An cleetronic .counter designed to measure differences in conductivity be-
. tween particles and surrounding liquid® has been used satisfactorily in counting
’ objcets such as red and white blood cells and platelets.® * * ¢ Segal and Lau-
renee’ adapted this machine so that human sperm cell volume and concentration
could be determined. Unfortunately, there was a wide range of crror between
the results they obtained for hemoeytometer and clectronic counting. On the
other hand, Glover and Phipps® reported a better corrclation in their pre-
liminary studics with bull sperm. Since the clectronic counter would improve
the cvaluation of large numbers of seminal fluid samples by virtue of its
rapidity, we rcinvestigated the problem of its accuracy.
This paper describes an improved method of applying the usc of the elce-
tronic particle counter to the determination of the sizc and concentration of

human sperm.

Materials and methods

Scminal fluid specimens, collccted into clean medicine glasses, were obtained from inmate
C, voluntcers at the Washington Stato Peniteatiary. For this study, 223 such specimens were
obtained. Following measurement of volume and estimation of motility, the seminal fluid was
transferred to shell vials, frozen, and shipped to our laboratory in insulated containers.
Before counting, the seminal fluid was thawed, thoroughly mixed, and 0.1 ml. was diluted
! (1:1,000) with 100 ml. of a diluent compescd of 10 ml. of 1 per cent saponin in isotonic
saline, 85 ml. of isotonic salinc,” and § ml of glacial ncctic acid. Counts were performed
oo 60 * 15 minutes after dilution sincc crystalline matter, other debris, white blood cells, and
o clumping werc minimal at this time interval. Scvere clumping was occasionally scen with the
-l microscope at 60 minutes. If such was the case, comparntive studics wero not carried out.
P 1f the sperm concentration was lcss than 10 million per milliliter, the count was redctermined
with a 1:500 dilution, if between 200 and 400 million per milliliter, tho dilution was in-
crensed to 1:2,000, and if the concentration was greater than 400 million per milliliter, a
1:4,000 dilution was utilized. )

The clectronic counter used was & model B Coulter counter with a 50 p aperture tube;
! the aperture current was sct at 34 and the amplification at 1. With the use of a 50 A mercury
manometer, 0.05 ml. of diluted seminal fluid was passed through the orifice. The instrument
was calibrated with particles of a known volume, i.c., ragweed pollen with a mean corpuscular
volume (MCV) of 3,884 u? and human red blood cells, MCV of 86 3.

A particle size distribution plotter was aligned to tho upper and lower thresholds of
the model B counter. The scale factor, which regulates the height of the graph, was adjusted
between 4 and 6 to best achicve the lower point, (“trough”), between the debris and sperm
populations, as well as to define the mode of the curve. Four scconds was used as the time
requiréd to determine the particle concentration of ecach window (cyclo time).

Total counts were obtained in the following manncr: The “trough” between the debris
: and sperm population was localized and used as the lower border of the sperm populntion
: for cach scminal fluid specimen. The upper border was determined by finding the point at
. which the spenm concentration most clearly matched the “Lrough” in height (Fig. 1). Theso
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! *Obtained from Cutter Laboratories, Berkeley, Calif.
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Sparm concantration

Window number on

plotier groph 1 2 3 elsls¥ryple

W 20 24 10 32 3 40 44 48 352 M 60 ¢4 68

Equivolent threshold © C
setiing I J||||]['rm
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Potient-RV~11 ‘
Date-3/12/64
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Fig. 1, Diagrammatic representation of sperm size distribution by plotter graph. This is unc
' btuined. As is indicated in Table LI, the curve is usu-

ally skewed to the right. Howcever, the upper threshold is determined in the same manner for P

example of a sperm size distribution o

all curves, regardless of shape.

T'able I. BLxample of estimation of sperm concentration hy clectronic counter, :
I !

atilizing plotter graph in Fig. 1

Example | Window l Threshold | Lstimation

Lower border of sperm population 7 24
Upper border of sperm population 12 48 !
Uncorrected count between thresholds 24 and 48 1,140 CD
Coincidence fuctor cquals 0.4% or + 5 .
Coincidence corrected count 1,145 ;
Diluent blauk at thresholds 24 and 48 -3l i
Corrected count minus diluent blank 1,114 '
Multiplication factor (1:1,00 dilution and |
0.05 ml, aliquot counted) x 20,000 !
——— 3
22,280,000 ;
Electronic count 22 millien sperm/ml. seminal fluid )
llemocytometer count . #1 million sperm/ml. seminal fluid !

Tutient, RV-11,
Date, 3-12-64.

. )
Table II. Size distribution range for sperm in 100 seminal fluid specimens )
i
i
Windotw on plotier araph with cquivalent :
|
. ) 6 7 8 9 10 :
(16-20) (20-24) (24-28) (28-32) (32-36) (36-40) 3
Lower threshold 7 14 401 31 5 2 o
Mode 2 10 611 ;
. s ;

Upprer threshold

¢Multiply by 0.4p3 to obtain volume.
+Mcan.
{Spechnens analyzed for mode, 93.
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points are designated on the plotter graph as window numbers. Each window corresponds
_to 4 threshold divisions on the model B couuter. The upper and lower thresholds on the
clectronic counter were adjusted to approximate the borders of the sperm population deter-
mined by the plotter graph. All particles between these threshold setiings were determined
five times with the model 1 counter, the plotter being disconuected. The average number of
. particles was expressed as the uncorrected count. Sinée the passage of two or morc particles
! through the aperture simultancously would bo registered as a single particle, it was necossary
to correct for this phcnomcnon. The frequency with which this occurs is dircctly related to
the concentration of particles.® This has been desiguated the coincidence factor aud was used
to adjust the uncorrected count® (Table I). To correct for particle contamination of the
reagents and glasswarce, a blank solution comprised of diluent alone was counted five times
at the same threshold scttings. The mean valuo thus obtained was subtracted from the co-
incidence-correcled count, Then the dilution factors were taken into account to obtain the
final concentration of sperm per milliliter (Table 1).
. The electronic and hemocytometer procedures were performed independently by separate
technicians. Two to 4 hemocytomeler counts were determincd and the mean was accepted as

" the hemoeytometer count.
: The hemocytometer count was performed initinlly using a standard red Ulood cell pipette

l (1:200 dilution). The same diluent and time factor after dilution were used for hoth methods
. of counting. Sperm counts under 20 million per milliliter were recounted using a white blood
' cell pipette (1:20 dilution). Ouly intact sperm, heads with attached middle picces or middle
picces with attached tails, were counted, since tho differentintion of the isolated sperm head
from dcbris was considered to be too variable. The results were expressed in millions of

sperm per milliliter of seminal fluid,
The reproducibility of the hemoeytometer and clectronic mcthods was compared by
- counting two seminal fluid specimens cight times by cuch method, Fresh dilutions were pre-
C pared for cach determination. The results were then analyzed for variance and validity.

Resvlts

The values obtained by calibrating the clectronic counter with red blood
cells and ragweed pollen were in close agreement, 0.38 p* and 0.39 p* per
threshold division, respeetively; thercfore, cach threshold division measured a
particle volume of 0.4 p°.

The size range of sperm present in 100 seminal fluid specimens is depicted
in Table II. The mean values for the lower and upper borders of the popula-
tion were 24 (range 16-40) and 56 (range 40-68), respectively. These threshold
settings vepresented a mean population range from 10 to 22 g3, sinee each

- ST b e s St e b i o o an e
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: Total
: No. of
: threshold divisions® fin parenthescs below) specimens
' 11 ' 12 13 14 15 16 17
: (40-44) (44-48) (48-52) (52-56) (56-60) (60-64) (64-68)
‘{ 1 100
; 19 1 038
DO ] 15 - 21 204 20 12 3 100
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Fig. 2. Comparison of sperm concentration determined by electronic and hemocylometer -
methods. '

Table I1I. Analysis of variance for slope plotted in Fig. 2

Source 7 Degrees of frcedom | Sum of squares | Mcan square
Slope (b) 1 53.48,334 53.48,334
“Error o221 0.71,226 0.00,322
Total 223 54.19,560 B

é)

Table IV, Analysis of variance for repeated counting of 2 semina) fluid samples
by hemoevtometer and clectronic methods®

Sperm concentration (millions/ml.)
ILlemocytometer Electronic .
procedure proccdure Test for t i
Specimen A (low sperm concentration) |‘ o
Menn () 13.92 13.61 Not significant L\
Varianco (92) 1.210 0.432 ‘Not significant 4
Speccimen B (medium sperm conceniralion) ;
Mean (x) 83.2 81.9 Not significant i
Variance (82) 52.19 2.203 < 0.001 i
n
*Light determinations by cach procedure,

threshold division mecasured a particle volume of 0.4 w3 The mode of this
population was 15 ® and remained constant with varying sperm concentrations.
The sperm concentration for the 223 seminal fluid specimens in this study

e e ERe

ranged from 14 to 471 million per milliliter. The values obtained by the two -
methods were plotted against cach other in Fig. 2 and analyzed for variance .
in Table IT1. The caleulated slope was 0.99843 with a correlation cocfficient of A
0.99921. :

Two scminal fluid specimens were counted 8 times by both procedures to
determine the variability of cach procedurc. While there was no statistically
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significant difference in counting the specimen with a low sperm concentration,
this was not true of the specimen with a medium sperm concentration. The
variance for the hemocytometer and electronic methods was 52.19 and 2.203,
respectively, the eleetronic procedure being significantly less variable (Table

V).

Discussion

When comparing a new technique for estimating sperm concentration with
an cstablished method, two questions need to be answered: Do both techniques
give similar estimates? Which procedure has less inhicrent variability?

A calculation of the comparison of 223 paired sperm counts, determiiied by
cach of the methods, resulted in a slope of 0.99843 and a correlation cocfficicnt
of 0.99921. Since the slope does not significantly differ from 1 (t = ~0.203)
and the intercept does not vary from zero (t = 0.418), the sperm counts per-
formed by thesc two techniques are interchangeable under the conditions we
employed.

Although only two seminal fluid specimens were subjeeted to repeat count-
ing by cach method, it appears that the hemocytometer count will be less re-
producible under certain conditions. Further study would be neeessary before
all of the factors arc understood.

Analysis of the data of Laurence and Carpuk for 16 sperm counts on
guinca pig seminal fluid determined by the cleetronic method revealed a poor
corrclation with the hemocytometer technique. Segal and Laurcnee’ reported
better results using human seminal fluid by grossly grouping their counts into
high, medium, and low ranges. However, when one compares the actual nuineri-
cal values obtained, the agrecment between the cleetronic and hemoeytometer
methods is not satisfactory. The eloscr corrclation obtained in our study appears
to be due to two factors, the usc of an improved diluent to cffectively remove
interfering debris, and the use of variable threshold scttings to establish the
sizec range for cach individual sperm population. A

A variety of diluents have been used for sperm counts to reduce debris and
clumping. We had no success with isotonic saline alone,® or saponin as a 0.01
per cent solution,” and only moderate success with saponin as a 0.1 per ecent
solution in removing debris. The latter concentration of saponin scemed to pre-
vent clumping, except on rare occasions. The addition of 5 per cent glacial
acctic acid to the saponin-saline mixture removed most of the interfering par-
ticulate matter without grossly altering the sperm, and thus permitted a sharper
discrimination of the sperm population.

Laurence and Carpuk' and Scgal and Laurenec’ used fixed threshold
settings for all samples counted. We found that the boundaries of the sperm
population are highly variable in different seminal fluid speeimens (Table II).
It is evident that identical threshold settings might include excessive quantitics
of dcbris or sacrifice part of the sperm population being counted; therefore, a
graphic representation of size distribution is necessary on cach speeimen to
determinc the borders of the sperm population. The total count may then be
obtained between these boundaries utilizing the electronie particle counter.
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With counts below 10 million per milliliter, the boundarics of the sperm
population become incrcasingly difficult to define on the plotter graph. By in-
creasing the comcentration of particles twofold (1:500 dilution) from the
standard dilution, onc obtains increased resolution of the sperm population.
Sperm concentrations above 200 million per milliliter of seminal fluid excced
the capacity of the electronic counter. In these instances, dilutions greater than
1:1,000 produce concentrations within a range suitable for counting by the
machine. ‘

The mecan volume range for human sperm presented in this paper (10 to
22 u*) is at variance with the results of Scgal and Laurence’ (28.0 to 784 p*).
Since their graphic representation of the sperm population is similar to our
findings, the disagreement must be in the calibration of the electronic counter.
Our calibration was performed with two different types of particles (ragweed
pollen and red blood cells) with close agreement. Dr. K. A. Laurcnce has in-
formed us that an crror was discovered in his and Dr. Scgal’s calibration. We
understand that a report to this effect is being prepared. *

This investigation has been made possible through the cooperation of the inmate volun-
teers and the administrative staff of the Washington State Penitentiary, Walla Walla, Wash-
ington.

The authors wish to cxpress their appreciation for the valuable technical assistance of
Mr. Dale Christensen, representative of Coulter Electronics Sales Company. We also wish to
acknowledge the technical assistance of Nam Soon Joun, Sars J. Harrington, and Judith
Eisenthal,
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