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ABSTRACT

A technique was derived for measuring the concentra-
tion of sperm in honey bees, Apis melifera L., by spec-
trophotometric absorbance. A positive linear correlation
(r = 0.957) existed between absorbance at 230 nm and

sperm concentration in 0.5 M NaCl. With our spectro-
photometer, the formula correlating milions of sperm
per 5 ml (x) to absorbance (y) was y = —0.0096 +
0.1224x.

Mackensen and Roberts (1948) first described a
method of counting spermatozoa from honey bees,
Apis mellifera L. It involved dispersing spermatozoa
in a known volume of water, transferring a tiny sub-
sample onto a hemacytometer slide, and counting the
spermatozoa within the defined volume of a counting
chamber. However, this procedure was tedious and
time consuming, and, because of the small (0.1-0.9
pl) samples, it yielded variable results.

My objective was to devise a technique by which a
spectrophotometer could be used to measure the con-
centration of honey bee sperm. Cattle breeders rou-
tinely use a similar method to estimate the concentra-
tion of spermatozoa when storing sperm for later use
in artificial insemination programs (Salisbury et al.
1943, Foote 1968 and 1972).

Throughout the paper I refer to “absorbance” read-
ings because the absorbance (logarithmic) scale of
the spectrophotometer was used. However, the phe-
nomenon that I measured was probably light scat-
tering or turbidity rather than true absorbance.

METHODS AND MATERIALS

Preparing Sperm Suspensions—Spermatozoa were
counted from both the male ejaculate and the female
spermatheca. The intact spermatheca taken from the
honey bee queen was immersed in 5 ml of 0.5 M
NaCl, the spermathecal membrane was broken, the
spermatozoa were dispersed, and the empty membrane
was removed. Semen from the male was collected in
an imsemination tip and injected into a known volume
of 0.5 M NaCl (usually > 5 ml). In both cases, the
spermatozoa were dispersed by agitating with the
sucking and expelling action of a pipet.

Hemacytometer Counts—Sperm concentration was
estimated by counting a known volume, 0.1 ul, in a
hemacytometer grid and multiplying by 50,000 to ob-
tain the number of spermatozoa per 5 ml. However,
to reduce sample error, I sometimes counted all 9
grids in a hemacytometer, a volume of 0.9 ul.

All but 23 of the observations in Fig. 1 represent
the mean of eight 0.1-xl counts. Of the remaining,
8 are from more than 8 such counts, 7 are from fewer
than 8, and 8 are from larger (0.9 ul samples).

Absorbance Readings—I used a Beckmann DU-2
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spectrophotometer with a slit width of about 0.14 mm
and the wavelength set at 230 nm; absorbance de-
creased with longer wavelengths and increased with
shorter wavelengths. Two hundred thirty nm was
selected because it absorbed well and because it was
as close as I wanted to approach the minimum wave-
length limit (220 nm) of the silica cells.

Three to 4 ml of the sperm suspension were put
into a spectrophotometric cell, and 1 of the other
cells served as a blank (0.5 M NaCl only). Because
absorbance gradually decreased with time (ca. 5%/h
during the 1st hour, but more slowly thereafter), ab-
sorbance readings were made less than 15 min after
the sperm suspension was prepared.

Excessive agitation of the sperm suspension with
a pipet and shaking when in the spectrophotometric
cell caused an increase in the absorbance reading.
When in the cell, the spermatozoa can be mixed, if
desired, by inversion.

Sampling Accuracy—To estimate the repeatability
or coefficient of variation for spectrophotometric
measurements, I prepared 8 sperm suspensions with
4 pl of semen and 40 ml of 0.5 M NaCl in each. From
each preparation, 3-7 four-ul samples were drawn,
and the coefficient of variation was derived. To meas-
ure the coefficient of variation on the hemacytometer
counts, I randomly selected the counting data from
18 of the 104 observations in Fig. 1.

RESULTS

Hemacytometer counts and absorbance readings
from 104 sperm suspensions are plotted in Fig. 1.
The observations represent counts and absorbance
readings made from 1972 to 1974. Each circle in
Fig. 1 represents a sample of sperm taken from the
spermatheca of a queen in 1972, ca. % of which were
samples of spermatozoa from a single inbred line.
Each square represents a sample taken from a sper-
matheca in 1973 or 1974, and each triangle represents
a sample taken from a male ejaculate. Spermatozoa
represented by squares and triangles were of miscel-
laneous genetic origin. The distribution in Fig. 1
indicates that genetic type or environmental condi-
tion of sperm before dilution had no apparent effect
on absorbance. For example, sperm from a male
ejaculate, sperm from the queen’s spermatheca, and
sperm from different genetic stock all exhibited simi-
lar absorbancy.

With simple regression analysis, I found a positive
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F1e. 1.—The relationship between spectrophotometric
absorbance and hemacytometer counts when 0.5 M NaCl
is used to dilute the sperm. The squares and circles
represent samples of spermatozoa taken from a sperma-
theca, and the triangles represent samples of semen.
The solid line is the regression line (y = —0.0096 4
0.1224x), and the dotted lines are the 95% confidence
limits for the regression line, See text for further ex-
planation,

linear correlation between sperm counts and absorb-
ance readings (r = 0.957). The formula for the re-
gression line is y = —0.0096 + 0.1224x. The regres-
sion line and 959 confidence limits-for the expected
value of y are graphed in Fig. 1.

The final step was to estimate sperm concentration
from absorbance. Because absorbance became the
independent variable and sperm concentration was
the dependent variable, the axes were reversed. The
formula, then, became y = 0.08 4+ 8.17x; y = mil-
lions of spermatozoa per 5 ml and x is absorbance
units.

DISCUSSION

Spectrophotometric measurement has 2 limiting
factors. First, the counts must be made soon after
the spermatozoa are suspended in the salt solution
because absorbance drops ca. 5% during the 1st hour.
Foote (1972) observed a similar drop with time
when measuring the concentration of bull sperma-
tozoa. Secondly, the conversion formula is only valid
for spermatozoa that are suspended in 0.5 M NaCl;
perhaps the osmolar concentration of the solution
affects the conformation of the sperm cells, and this,
in turn, affects absorbance or light scattering.

On the other hand, spectrophotometric measure-
ment is faster, easier, and less variable than the man-
ual counting technique. The coefficient of variation
for hemacytometer counts was 13.89% ; spectrophoto-
metric absorbance had a coefficient of variation =
1.09% when the samples were taken within a 15-min
interval.

Since the spectrophotometric measurements were
less variable than the counts made in this study, I ap-
parently calibrated a less variable method with a
more variable method. Therefore, the error in Fig. 1
may be a reflection of nonrepeatability of the counts
rather than error in the spectrophotometric technique.
Assuming that the errors in the hemacytometer
counts were high as often as they were low, then the
spectrophotometric measurements are probably more
accurate than the error in Fig. 1 indicates.

As visualized in Fig. 1, error increases as absorb-
ance values extend away from the midpoint, either
higher or lower. When absorbance is < 0.1 or > 0.8,
there is very little experimental data to support the
validity of the formula. Progressive dilutions of con-
centrated samples indicated, however, that the rela-
tionship between absorbance and sperm concentration
continued to be linear when the absorbance reading
reached 1.7.

The constant in the regression formula (—0.0096)
can be explained, perhaps, by faulty preparation of
samples. When preparing some of the first samples,
I was not aware of the drop in absorbance with
time. Therefore, when samples were too concentrated
to count with a hemacytometer, I diluted them a
second time. This caused a delay of perhaps 15 min,
while samples not requiring a second dilution were
usually counted within 5 min of preparation.

When samples were diluted a second time, only the
second dilution was included in Fig. 1. The points
representing delayed readings (second dilutions)
were many of the circles in the 3.0-4.5 million range
in Fig. 1. Because most of these sample points were
near and slightly below the mean, their effect was
probably a slight increase in the slope and a general
lowering of the regression line. Both of these effects
tend to reduce the zero intercept and are probably
responsible for the constant (—0.0096). Although I
hesitate to make subjective changes in the formula,
I suggest removing the constant. This changes the
regression formula to simply y = 0.1224x and the
conversion formula to y = 8.17x.
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