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Summary. Ejaculates (164) were obtained from 17 donors serving on an artificial
insemination by donor panel. Semen analysis was performed before and after freezing
by an integrated microcomputerized system employing the multiple-exposure pho-
tography (MEP) method. Sperm count, motility, velocity, motility index (MI; product
of the sperm velocity and percentage of motile spermatozoa) and motile density (MD)
were determined for each ejaculate. After the initial evaluation the ejaculates were

frozen in liquid nitrogen, thawed 24 h later, and assessed for post-thaw motility,
velocity, MI and MD. The mean \m=+-\s.e. sperm count and volume for this group of
donors was 148 \m=+-\4 \m=x\106/ml and 3\m=.\1 \m=+-\0\m=.\1ml, respectively. Mean \m=+-\s.e. values
obtained from the prefreeze analysis were: motility = 64 \m=+-\1%, velocity =

30 \m=+-\0\m=.\4\g=m\m/sec,MI = 19 \m=+-\0\m=.\5\g=m\m/secand MD = 94 \m=+-\3 \m=x\106/ml. Post-thaw
analysis revealed a significant reduction (P < 0\m=.\01in all values measured. Motility was

reduced to 27 \m=+-\1%, MI was reduced to 5 \m=+-\0\m=.\3\g=m\m/sec,and MD was reduced to
33 \m=+-\1 \m=x\106/ml Velocity was the least affected by cryopreservation, being reduced to
21 \m=+-\0\m=.\5\g=m\m/sec(P < 0\m=.\01).Cryopreservation resulted in a marked shift in the fre-
quency distribution of sperm motility and motility index towards subnormal values
while in the majority of ejaculates velocity and motile density were maintained in the
normal range. Significant differences were noted amongst donors in the percentage
change of the various semen measures as a result of cryopreservation. When within\x=req-\
subject coefficients of variation were calculated, velocity was the least variable
parameter. These results indicate that, while cryopreservation results in significant
reductions in the number of motile spermatozoa in the ejaculate, the velocity is only
marginally reduced.

Introduction

Artificial insemination with donor semen (AID) has been used successfully when male factors such
as azoospermia, Rh incompatibility, and genetic disorders are indicated (Beck, 1974; Karow, 1980).
Bunge & Sherman (1953) first reported the use of cryopreserved human semen for AID. Since that
time, frozen human semen has been used extensively for artificial insemination.

Cryopreserved semen has several advantages over the use of fresh semen, including ease of
scheduling both donor and patient and assurance of availability of known quality donor semen.

Moreover, cryopreservation allows for the quarantining of donor semen until appropriate quality
control measures can be implemented to ensure that the ejaculate is free of infectious disease before
insemination (see Greenblatt et al, 1986). However, fewer pregnancies have been reported using
cryopreserved semen as compared to results utilizing fresh semen (Steinberger & Smith, 1973;
Ansbacher, 1978; Quinlivan, 1979; Smith et al, 1981; Richter et al, 1984). Reduced fertilizing
ability of cryopreserved semen has been related to ultrastructural changes (Pederson & Lebeck,
1971), decreased penetration of cervical mucus (Fjallbrant & Ackerman, 1969; Urry et al, 1983)
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and decreased post-thaw survival (Keel & Black, 1980), and motility (Smith & Steinberger, 1973;
Keel & Karow, 1980; Thachil & Jewett, 1981).

Several previous studies have examined the efficacy of various cryopreservation techniques for
human semen (Zavos et al, 1980; Thachil & Jewett, 1981; Cohen et al, 1981; Taylor et al, 1982;
Serafini & Marrs, 1986; Prins & Weidel, 1986). However, few studies have evaluated the effects of
freezing on the motility characteristics of spermatozoa. The commercial availability of an easy-to-
use microcomputerized system for precise measurement of semen parameters, including sperm
velocity, has allowed more accurate description of semen characteristics (Burke & Kapinos, 1985).
In this report, we have utilized such a system to evaluate objectively the effects of cryopreservation
on the motility characteristics of human spermatozoa. In addition, we have also examined the
within- and between-subject variability of various semen characteristics before and after freezing.

Materials and Methods

The 164 ejaculates were obtained from 17 donors serving on an AID panel. Ejaculates were obtained by masturbation
following 3 days of sexual abstinence. Semen was processed immediately upon liquefaction, and the semen analysis
was performed at room temperature.

Quantitative, semi-automatic semen analyses were performed on undiluted semen (8 µ ) using a Makler Counting
Chamber (Makler, 1980a). Preliminary studies indicated that results obtained using the Makler Chamber were highly
correlated with results obtained using more subjective techniques for sperm count (r = 0-822,  < 0005;
96-8 + 10-9  106/ml and 97-8  106/ml for Makler and haemocytometer, respectively) and sperm motility (r =

0-758,  < 0005; 664 ± 30% and 66-7 ± 3-7% for Makler and subjective method, respectively). Semen analysis was

performed at room temperature utilizing a commercially available microcomputerized, multiple exposure photogra¬
phy system (MEP) orignally described by Makler (1980b) (Zygotek Systems, Inc., Springfield, MA 01103). The MEP
method utilizing the Zygotek system has been described in detail elsewhere (Burke & Kapinos, 1985). Briefly, the
system consisted of an Olympus BH-2 microscope with a  20 phase-contrast objective, 7000 Polaroid 4x5 camera

using type 57 black and white film, stroboscope, IBM PC computer, and a graphics tablet. The exposed positive
Polaroid film was placed on the graphics tablet and analysed by the computer. This method provides results on sperm
count (x 106/ml), sperm motility (%), sperm velocity (pm/sec), motility index (MI; motility  velocity, pm/sec) and
motile density (MD; motility  concentration,  106/ml). Preliminary studies were initially performed to analyse the
within-sample variation associated with the semen analysis system. For this study, 6 separate semen analyses were
performed on a single ejaculate by the MEP method described above. The Makler chamber was washed between each
analysis, and a fresh aliquant of the mixed semen (8 µ ) was applied to the chamber. The results of this study are
shown in Table 1. The coefficient of variation for the various semen values ranged from 6 to 10%. The overall pooled
coefficient of variation was 15%.

Table 1. Variation associated with the computerized MEP
system

Parameter Mean s.d. Range CV%*

Count (  106/ml) 109 13 89-125 12
Motility (%) 52 6 47- 62 11
Velocity (pm/sec) 34 2 31- 36 6
Motile density (xl06/ml) 56 11 47-78 20
Motility index (pm/sec) 17 2 15-21 14

Six separate analyses were performed on a single ejaculate.
 Pooled CV% = 15%.

After semen analysis, the ejaculate was frozen in liquid nitrogen using glycerol as the cryoprotectant as described
previously (Keel & Karow, 1980). Briefly, glycerol was added drop-wise to the semen with constant mixing to a final
concentration of 10% (v/v). The diluted semen was aspirated in 0-5 ml straws and placed horizontally at 4°C for
30 min,

—

85°C for 10 min and subsequently plunged directly into liquid nitrogen for storage. After 24-72 h, an
aliquant was thawed rapidly in running tap water and allowed to equilibrate to room temperature (15 min). Semen
analysis on the thawed specimen was repeated as described above.
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Statistical analysis was performed using one-way analysis of variance and Duncan's test when appropriate. For
the purposes of calculating frequency distributions of ejaculates having normal semen characteristics, the following
normal values established in our laboratory were used: sperm motility, >40%; sperm velocity, >20 pm/sec; motile
density, >8  106/ml; motility index, >8 pm/sec.

Results

Semen analysis data

The semen analysis data for all ejaculates studied are shown in Table 2. Cryopreservation
resulted in significant (P < 001) reductions in velocity, motility, motility index and motile density.

Table 2. Semen analysis data from human ejaculates
before and after cryopreservation

Parameter Prefreeze Post-thaw

Volume (ml) 31+ 0-08
Count (  106/ml) 148-2 ± 4-3
Motility (%) 63-8 ± l-ld 274 ± 1-3C
Velocity (pm/sec) 30-3 ± 04c 20-8 ± 0-5b
Motility index (pm/sec) 19-1 ± 0-5b 5-3 ± 0-3"
Motile density (  106/ml) 93-5 ± 34e 32-5 + 1-3C

Means identified by different superscript letters are statisti¬
cally different (P < 001) by one-way ANOVA and
Duncan's test.

Frequency distributions ofnormal and abnormal semen parameters
The frequency distributions of ejaculates having normal and abnormal semen parameters

before and after freezing are illustrated in Fig. 1. Nearly all (96%) ejaculates displayed prefreeze
sperm motilities of >40% (Fig. la) Cryopreservation caused a marked shift in the distribution to
the left, resulting in 83% of ejaculates having post-thaw motilities of <40% (Fig. la). Greater than
98% of the ejaculates examined had prefreeze sperm velocities, motile densities and motility indices
in the normal range (Figs lb-d). Significant shifts in the distribution to the left were noted for all
three measures after cryopreservation (Figs lb-d). Post-thaw sperm velocities of <20 µ   /sec were
displayed by 39% of ejaculates (Fig. lb), the post-thaw motility index (<8 µ   /sec) was subnormal
for most ejaculates (82%) (Fig. lc). Post-thaw motile densities of <8  106/ml occurred in 8% of
ejaculates (Fig. Id).

Percentage change ofsemen measures among donors

Of the 17 donors evaluated, 5 donors produced 10 or more ejaculates (total of 123 ejaculates)
during the period of study. The semen analysis values of these ejaculates were used to compare the
percentage change of semen measures among donors as a result of cryopreservation. As shown in
Table 3, sperm motility was decreased 57% among all donors. Donors C, D and E displayed a
similar percentage change in motility. In contrast, Donor A demonstrated a 32% change in sperm
motility while that in Donor  was decreased 80% as a result of cryopreservation. The percentage
changes in sperm motility for Donors A and  were significantly different from each other and from
the other 3 donors. Velocity was reduced for all ejaculates studied (Table 3). Donors A, B, C and E
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Fig. 1. Frequency distribution histogram displaying the number of ejaculates (frequency) hav¬
ing prefreeze (top) and post-thaw (bottom) values for (a) sperm motility; (b) sperm velocity; (c)
motility index; and (d) motile density. Open bars refer to ejaculates having normal values;
closed bars refer to ejaculates having subnormal values.

displayed identical changes in velocity. In marked contrast, velocity in Donor D was essentially
unaltered as a result of cryopreservation. MI and MD were reduced for all ejaculates (Table 3) and
in both cases, the percentage change associated with Donor A was significantly less while the
percentage change associated with Donor  tended to be greater than that of the other donors.

Within-subject coefficients of variation

The data obtained from these 5 donors were also used to calculate pooled within-subject
coefficients of variation (CV%) for each semen measure before and after freezing (Table 4). The
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Table 3. Percentage change* of semen data amongst 5 donors after cryo¬
preservation of the semen

Donor Motility Velocity
Motility

index
Motile
density

A
 
C
D
E
All

(n = 24)
(n = 20)
(n = 55)
(n = 10)
(n = 14)
(n = 164)

32-5 + 5bc
70 ± 2'
52 ±2d
55 ± 5d
54 ±9d
57+2

31 + 3b
35 ± 2b
30 + 2b
0-2 + 9a

33 + 3b
30+2

51 +6d
82+ lf
69 ±2'
61 + 5de
76 ± 3ef
72 + 2

41 ± 3C
73 + 2"
57 + 2d
61 ± 6de
72 ± 3ef
62 + 2

" (Prefreeze value
—

post-thaw value)/prefreeze value  100.
Values are expressed as the mean + s.e. Means identified by different superscript

letters are statistically different (P < 005) by one-way ANOVA and Duncan's test.

Table 4. Average within-subject variation of human semen values before
and after cryopreservation

Prefreeze Post-thaw

Mean s.d. CV% Mean s.d. CV%

Motility (%)
Velocity (pm/sec)
Motility index (pm/sec)
Motile density (  106/ml)
Count (  106/ml)

65
30
20

100
157

11
3
4

32
35

17
10
20
32
22

31
21

6
38

12 39
4 19
3 50

13 34

Values based upon 123 samples from 5 donors, range = 10-55 samples/donor.

CV% ranged from 10 to 32% before freezing, with velocity demonstrating the least variation
within-subjects and motile density the greatest variation. As a result of cryopreservation, the CV%
was increased about 2-fold for motility, velocity and motility index. The within-subject variation
associated with motile density was not altered by the freezing process. Post-thaw velocity displayed
the least amount of within-subject variation while the CV% was the greatest for post-thaw motility
index.

Discussion

Traditional methods for analysing sperm count and motility are fraught with highly variable and
often unpredictable results. Research during the past 5-10 years has been directed towards replac¬
ing subjective methods of estimating sperm count and motility with more objective methods that
will also provide accurate information concerning sperm kinetics. The multiple exposure pho¬
tography (MEP) system originally described by Makler (1978, 1980b) is one such system. The
recent commercial availability of an MEP system (Burke & Kapinos, 1985) that replaces the more

cumbersome projection system of the original Makler method (Makler, 1978, 1980b) has allowed
for accurate in-office determination of sperm count, motility and velocity on a routine basis. In this
study we have used the MEP system to evaluate accurately the effects of cryopreservation on sperm
motility characteristics.

Repeated analysis of a single sample utilizing the MEP system revealed a pooled coefficient of
variation for all parameters measured of 15%. The highest amount of variation was associated with
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motility index and motile density, which are mathematically derived from two empirical par¬
ameters (motility and velocity, and count and motility, respectively) and probably represent
combined variation associated with both of these measures. Originally, the results obtained from
multiple MEP analyses of single samples from two different specimens were evaluated (Makler,
1978). The coefficients of variation for sperm count, motility and velocity can be calculated from
the data in Table 2 of the paper by Makler (1978). It averaged 6-12% which compares favourably
with the findings of the present study. Therefore, the MEP system utilized herein produces reliable
and reproducible objective information.

The average sperm count obtained for all specimens analysed by the MEP method was
148  106/ml and agrees with the results of Keel & Karow (1980) and Steinberger & Smith (1973)
who reported mean sperm counts of 151  106/ml and 149  106/ml, respectively, for frozen
semen. The average prefreeze motility reported here is somewhat lower than the observations of
others (Steinberger & Smith, 1973; Keel & Karow, 1980) and probably reflects the techniques used
for motility determination. Makler (1978) previously reported that subjective estimates of motility
yield a value about 20% higher than those determined objectively. Prefreeze velocity in this study
averaged 30 µ  /sec. This value is in agreement with those of others who have evaluated prefreeze
velocities by MEP in a population of semen donors (Cohen et al, 1981; Serafini & Marrs, 1986) (29
and 33 µ  /sec, respectively). Mathur et al (1986), utilizing cinematography to evaluate sperm
velocity, observed a mean swimming speed of 30 µ  /sec for fertile donors and suggested that this
value may define a discriminatory boundary between fertile and infertile men. Similar conclusions
have been reached by others (Milligan et al, 1980; Holt et al, 1985). However, because of the
known effects of temperature on sperm velocity (Milligan et al, 1978; Makler et al, 1981), care
must be taken when comparing velocity measured at room temperature (present study) versus
37°C.

The motility index, originally defined by MacLeod (1951), is calculated in this study by the
product of sperm velocity and motility. This calculation is an attempt to characterize the kinetics of
spermatozoa by a single measure. Burke & Kapinos (1985) observed that the motility index of
spermatozoa was markedly increased by sperm rise techniques, and Mathur et al. (1986) reported
that the motility index value for fertile men was significantly higher than for infertile men. The
average motility index value reported by Mathur et al (1986) for fertile men is comparable to the
findings of the present study (17 µ  /sec and 19 µ  /sec, respectively). The relative significance of
the motility index in the evaluation of male infertility remains to be established.

Cryopreservation resulted in a significant reduction in the semen parameters measured. Sperm
motility was reduced by over 50% representing a percentage recovery (percentage survival) of 43%.
Percentage recoveries of 34-76% have been reported by several previous studies (Behrman &
Sawada, 1966; Smith & Steinberger, 1973; Beck & Silverstein, 1975; Keel & Black, 1980; Keel &
Karow, 1980; Taylor et al, 1982), and depend to a large extent upon the cryoprotectant and the
method of freezing employed. Cohen et al (1981) and Serafini & Marrs (1986), utilizing a similar
MEP system, observed percentage survival rates of about 35-36%. In the present study, the post-
thaw motile density was only 35% of the prefreeze value. Taken together, these studies indicate a
60% loss of the number of motile spermatozoa as a result of cryopreservation.

Cohen et al (1981) and Serafini & Marrs (1986) noted that the average velocity of cryopre¬
served spermatozoa was slightly but not significantly lowered compared with prefreeze values. In
contrast, we have observed a statistically significant reduction in velocity as a result of cryopreser¬
vation. The reasons for this discrepancy are at present not apparent. Perhaps the larger number of
ejaculates analysed in the present study (n = 164) compared with those studied by Serafini & Marrs
(1986) (n = 59) and Cohen et al (1981) ( = 19) may have allowed for more accurate statistical
comparison. However, although a statistical reduction in velocity was observed, this value was
affected the least by cryopreservation, suggesting that the average speed of sperm forward
progression is the most stable semen measure in relation to cryopreservation.

Virtually all ejaculates evaluated (95%) had prefreeze sperm motilities, velocities, motile
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densities and motility indexes which were in the 'normal range' as established in our laboratory.
Cryopreservation not only resulted in a significant reduction in these parameters but markedly
shifted the values into the 'subnormal' or 'suboptimal' range. Suboptimal semen parameters are
most often cited as the reason for the reported reduced fertility potential of frozen-thawed semen.
In a recent elegantly designed study in which patients attending an AID clinic received both fresh
and frozen semen from the same donor (thus the patient served as her own control), the fertility
potential of fresh semen was 3 times greater than the frozen counterpart (Richter et al, 1984).
However, these authors point out that the reduced fertility potential of frozen semen observed in
that study may have been related to inadequate minimum criteria for post-thaw semen values. In
support of this possibility, Bordson et al (1986) observed no significant differences in the fecundity
rates between fresh and frozen semen when the minimum number of post-thaw spermatozoa
inseminated was at least 40  IO6 grade 3 motile spermatozoa. Therefore, poor fecundity of frozen
semen may be related to the practice of inseminating an adequate number of progressively motile
spermatozoa.

Significant differences were noted in the sensitivity of semen from different donors to cryo¬
preservation. In general, most donors displayed a similar percentage decrease in motility, velocity,
motility index and motile density as a result of freezing but there were some notable exceptions.
Semen from Donor A exhibited a greater resistance to changes in motility, motility index, and
motile density, while semen from Donor  proved to be the most sensitive to cryopreservation.
Donor D exhibited marked resistance to alterations in sperm velocity. These data point to the
difficulty in predicting the outcome of ejaculates subjected to freeze-thaw procedures. The reasons
for the differences in sensitivity of donor spermatozoa to cryopreservation remain to be elucidated.

Of the semen parameters measured in the present study, velocity proved to be the least variable.
On the other hand, motile density appeared to be associated with the greatest within-subject
variation. Post-thaw analysis revealed an overall increase in within-subject variation, with velocity
again showing the greatest reproducibility within donors. Considerable variation within semen
donors has been reported previously (Poland et al, 1985). The relatively small sample size in the
present study precludes accurate comparison of within-subject variation with that of other studies.
The results presented here do, however, clearly suggest that (1) considerable variation exists within
donors with respect to prefreeze semen parameters, (2) this variation is markedly increased after
cryopreservation, (3) velocity appears to be the most stable semen characteristic measured, and (4)
motility density and motility index display the greatest variation.

We thank Ms Kris Zumbach for technical assistance and Ms Dorothy Clark for the preparation
of this manuscript. Supported by the Women's Research Institute, Wichita, Kansas.
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