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ABSTRACT 
Objective-Comparison of human sperm motility, morphology, and sperm membrane integrity using two
cryoprotective media, Test-yolk buffer with glycerol and glycerol alone.
Methods-Semen samples from 10 healthy donors were divided and frozen with either glycerol or a combination of
glycerol and TEST-yolk buffer. Semen characteristics were evaluated before freezing and after thawing. Motility
was measured at 0, 60, 120, and 180 minutes postthaw following removal of the cryoprotectant (post-wash).
Results-Percentage of motile sperm decreased significantly compared to prefreeze values in both groups. Post-thaw
motility following removal of the freezing media was higher in specimens that were frozen in TEST-yolk buffer
compared to those frozen in glycerol at 0 minutes (P = 0.004). Similarly, specimens cryopreserved in TEST-yolk
buffer had higher sperm motility compared to aliquots that were frozen in glycerol at 180 minutes (P = 0.013). The
percentage of normal sperm forms was significantly higher post-wash and post thaw in specimens that were
cryopreserved in TEST-yolk buffer (P = 0.04).
Conclusions-Sperm cryopreserved in TEST-yolk buffer had significantly better motility, morphology, and sperm
membrane integrity than sperm preserved in glycerol alone. Int J Fertil 45(1):38-42, 2000
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INTRODUCTION

Use of a cryoprotective agent is indispensable to prevent injury to human spermatozoa during the cryopreservation
process. However, addition of a cryopreservative agent during the freezing process, plus its removal during the
thawing process, lowers its fertilizing capacity by damaging cell membranes and lowering sperm motility [1-3]. The
damage results in part from osmotic injury as a result of  the permeating cryopreservative, and occurs when the
cryoprotectant enters the cells before freezing and also when it is removed during thawing [4-6].

Sperm cells are highly permeable to glycerol [7-11]. To protect cells from osmotic injury, glycerol, a
cryoprotectant, is often extended with cryobuffers, such as citrate or egg yolk, which contain nonpermeating
macromolecules. A promising cryobuffer is TEST-yolk buffer, a combination of TES and Tris (designated as
TEST) together with fresh egg yolk (20%), 11 mM dextrose, and 1 % penicillin-streptomycin. The buffering agent
in TESTyolk is a zwitterion consisting of 21 mM TES [N-Tris (hydroxymethyl) methyl-2-aminoethane sulfonic
acid, pK = 7.5], and 96 mM Tris [(hydroxymethyl) aminomethane]. 
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In this study, we compare two cryopreservative media, TEST-yolk buffer with 15% glycerol and glycerol 6%
mixed with ejaculate. Sperm motility, viability, morphology, and cell membrane integrity of sperm cryopreserved
with each medium were measured.

MATERIALS AND METHODS

Subjects

This study was approved by the Institutional Review Board. Ten healthy normal donors were selected on the basis
of. a normal semen analysis according to the World Health Organization (WHO) classification [12].

Assessment of Semen Characteristics and Semen Cryopreservation

Semen samples were collected by masturbation after 48 to 72 hours of sexual abstinence.

After liquefaction, total sperm count and percentage motility were measured manually on an Olympus BH2-S
microscope with a x 20 positive phase-contrast objective. For each measurement, a 5-µL sample aliquot was loaded
on a 20-µL counting chamber (MicroCell,  Conception Technologies, La Jolla, CA). After initial semen analysis, the
specimen was divided into two equal aliquots. One aliquot was cryopreserved with glycerol alone (6% vol/vol in
ejaculate). The second aliquot was cryopreserved with TEST-yolk buffer (with glycerol 15% vol/vol) using the
liquid-nitrogen vapor-freezing technique [13]. An aliquot of the freezing medium equal to 25 % of the original
specimen volume was added to the specimen, which was gently mixed for 5 minutes. This step was repeated four
times to give a final semen-to-medium ratio of 1:1. The mixed aliquots were frozen in cryogenic vials using a
three-stage freezing procedure: exposure to -20°C for 8 minutes, exposure to -76°C for 2 hours, and, finally,
immersion in liquid nitrogen at -196°C until analysis. For thawing, the specimen was held at room temperature for 5
minutes and then at 37°C for 20 minutes. Semen analysis was done on the unwashed specimens and following
removal of the cryoprotective media by washing and resuspending in 1.0 mL of human tubal fluid (postwash). After
thawing, postwash specimens were analyzed for percentage motility at 0, 60, 120, and 180 minutes.

Assessment of Sperm Viability and Morphology

Prefreeze viability was measured only in those specimens where the motility was [ 30%. The percentage of viabile
sperm in both TEST-yolk buffer and glycerol cryoprotectants in pre-freeze whole semen specimens and in
postthaw, post-wash specimens was assessed by eosin-nigrosin staining. An aliquot from each sample was mixed
with an equal volume of 0.05 % eosin-Y-nigrosin to improve contrast. After two minutes' incubation, slides were
viewed under light microscopy at 400x. A total of 100 spermatozoa in duplicate from each sample were counted.
Dead sperm appear pink; sperm without dye were counted as viable.

For morphological evaluation, air-dried seminal smears were stained with Giemsa stain (Diff-Quik, Baxter Scientific
Products, McGaw Park, IL). Sperm morphology was assessed in prefreeze whole semen specimens and in
postthaw, post-wash specimens by both World Health Organization guidelines (WHO, 1992) and Kruger's strict
criteria [14]. Sperm smears were stained with Giemsa stain (Diff-Quick).

Hypoosmotic Swelling

One milliliter of hypo-osmotic solution (150 mOsm/L; 0.025 mM sodium citrate and 0.075 mM D[-]-fructose) was
added to 0.1 mL sperm suspension obtained from prefreeze whole semen specimens and in postthaw, postwash
specimens. After incubation at 37°C for 60 minutes, a minimum of 200 spermatozoa per sample were examined by
phase-contrast microscopy (Olympus, Model BH 2, Tokyo, Japan), and the percentage of sperm with intact
membranes was calculated [13].
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Bovine Cervical Mucus Penetration

The bovine cervical mucus penetration test was performed using the Penetrak kit (Serono Diagnostics, Allentown,
PA) [13]. Capillary tubes in duplicate were thawed at room temperature for 30 minutes and snapped at the red
score mark above the mucus meniscus. The cut end was placed in a plastic beaker containing 200 µL of sperm
suspension obtained from prefreeze whole semen specimens and in postthaw, post-wash specimens and left at
room temperature for 90 minutes. The capillary tubes were then placed on a calibrated slide and examined by phase
contrast microscopy. The distance (in millimeters) covered by the vanguard sperm was measured.

Statistical Analysis

Data were analyzed using the paired t test. The Wilcoxon signed-rank test was used to compare differences in all
the variables for prefreeze and postthaw specimens cryopreserved in glycerol or TEST-yolk media. Differences in
postthaw variables were determined in specimens cryopreserved with glycerol and TEST-yolk. A P value of less
than 0.05 was considered significant. The SAS statistical software package (SAS Institute, Cary, NC) was used for
analyzing the data.

RESULTS

In the unwashed postthaw specimens, the percentage of motile sperm decreased significantly from prefreeze whole
semen specimen values (median 43.5 %, interquartile range 21 %-77 %) in both TEST-yolk buffer [8, (6, 21); p =
0.00034) and glycerol [6 (0, 9)] (p = 0.0005). Results from prefreeze whole semen specimens and postthaw
specimens in TEST yolk and glycerol media before and after washing are illustrated in Table I. The table also
shows the differences in the various variables between specimens frozen in the two cryoprotective media. Postthaw
motility after removal of the cryoprotectants was higher in TEST-yolk buffer specimens [10.5 (5, 25)] than in the
glycerol specimens [5 (0.9, 10)] at 0 minutes (P < 004). Similarly, semen specimens cryopreserved in TEST-yolk
buffer had higher motility at 180 minutes in postthaw, post-wash specimens.

 
TABLE I
Semen characteristics in prefreeze and in postthaw specimens cryopreserved in TEST-yolk buffer and in
glycerol.
                                                                                                                                                                                                                     
                                                                                                            Past-thaw (past-wash)                        
                                          Pre-freeze Sperm         Time of   

                                           Characteristics           Analysis               Test-yolk                              Glycerol                          P*                                        P†                             P‡  
                                                                                                                                                                                                                     

0.040.0004-----4 (2, 6)6 (4,9)Eosin-nigrosin (%)
0.170.590.0026 (3.6,13.5)11.5 (5.5, 2.5)30.5 (20, 55)BCMP (mm)
0.360.590.3796 (94, 97)96 (93,98)96.5 (94, 97)HOS (%)
0.010.0020.0012.5 (1.6, 3.5)6.5 (4.7,15.5)180 min44 (20, 67)
0.920.00040.00055 (3, 9)5.8 (5, 14)120 min44 (20, 67)
0.050.00050.00063.5 (0.9, 8.0)5.8 (3,22)60 min44 (20, 67)

0.0040.0020.00045 (0.9, 10)10.5 (5,25)0 min44 (20, 67)Motility (%)
0.070.0030.00056 (0,9)8 (6,21)43.5 (21,77)Motility (%)

Morphology

0.130.00010.000140 (34, 46)37 (34, 40)9.8 (7, 12)Abnormal tails (%)
0.370.050.0111 (0,2)1.5 (0, 4)3 (2, 7)Round Cell (%)
0.230.0360.1321 (26.5,39.5)29.5 (23, 37)42 (30, 48)Amorphous (%)

0.0040.00030.000118.5 (10.5, 4)25.5 (17, 30)37.5 (37, 48)Normal (%)
WHO method : 

0.510.00020.0012.5 (2, 6.5)4 (2, 7)10.5 (7, 13)Kruger’s criteria (%)

All values are medians; 25% and 75% interquartile range in parentheses. 
* Differences between pre-freeze and specimens cryopreserved in glycerol; P < .05 was significant. 
† Differences between pre-freeze and specimens cryopreserved in TEST-yolk; P < .05 was significant. 
‡ Differences between TEST-yolk buffer and glycerol; P < .05 was significant. 
HOS = Hypo-osmotic swelling; BCMP = bovine cervical mucus penetration.
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Sperm viability in postthaw, post-wash specimens was significantly greater in TEST-yolk buffer [6 (4, 9)] than in
glycerol [4 (2, 6)] (P < .04). In the hypoosmotic swelling test, the postthaw and postwash specimens showed no
difference between the two cryopreservatives , and percentages showing swelling of the tails were comparable with
the percentage in prefreeze whole semen specimens. In the bovine cervical mucus test, the distance traveled by the
vanguard sperm was significantly smaller in the washed specimens cryopreserved in glycerol alone compared to
prefreeze whole semen specimens. Sperm morphology scored by both Kruger's criteria and the WHO method
declined significantly after thawing in both groups following removal of the cryoprotectants (P < .001). However,
the TEST-yolk buffer preserved normal sperm morphology [25.5 (17, 30)] significantly (P < .004) better than
glycerol [18.5 (10.5, 24)] (Table I).

DISCUSSION

In the present study, we have shown that TEST-yolk buffer containing glycerol preserves significantly more sperm
motility in post-thaw specimens than does glycerol alone. In addition, postthaw-postwash viability and the
percentage of spermatozoa with normal forms by WHO criteria were significantly higher in specimens
cryopreserved in TEST-yolk buffer than in glycerol alone.

Previous reports have shown that those cryopreserved in either medium alone had significantly lower values for
semen characteristics than specimens cryopreserved in the combined medium [15,16]. However, we found that
TEST-yolk buffer with glycerol preserves sperm functions better than glycerol alone. These results are in
agreement with those reported by others [17-20], who did not include glycerol in their TEST-yolk buffer. The use
of TEST-yolk buffer for semen cryopreservation results in a higher recovery of motile sperm [18]. It also improves
capacitation and sperm penetration into zona-free hamster oocytes [19,20].

The mechanism by which TEST-yolk buffer functions is unclear. Alteration in phospholipid:cholesterol ratio of the
sperm membrane or the egg-yolk lipids' alteration may stabilize sperm membranes by reducing damage to them
caused by free radicals [21]. A macromolecular interaction between egg yolk and seminal plasma proteins is another
likely mechanism, and TES and Tris components may also act synergistically with the egg yolk [22]. Finally,
cryopreservation with added egg yolk may increase stability in the membrane enzyme system, acrosin/proacrosin.

The optimal concentration of glycerol for freezing human spermatozoa is from 2% to 10% [23]. Nevertheless,
extensive osmotic injury is caused by the addition and removal of glycerol [15], and current procedures for
cryopreservation of human spermatozoa generally limit the concentration of glycerol to less than 0.8 M. Sperm
motility after cryopreservation generally declines by 30% to 40% [15]. Lower concentrations of glycerol might
increase the fertile life span of cryopreserved sperm by decreasing the osmotic damage caused by the removal of
glycerol. Differences in the abilities of different cryoprotectant media to support sperm survival and preserve their
fertilizing capacity are due to differences in the glycerol concentration in each medium [16,23,24].

The use of TEST-yolk buffer has considerable clinical significance in diagnosing and treating male infertility. A
short incubation of sperm with TEST-yolk buffer before in vitro fertilization can also increase the fertilizing
potential of sperm [25]. TEST-yolk buffer can also be used as a storage medium in the shipment of specimens to
other laboratories for the sperm penetration assay, and enables measurement of the functional integrity and
fertilizing potential of the sperm [22]. In semen specimens with high viscosity, addition of TEST-yolk can improve
sperm motility while permitting spermatozoa to undergo capacitation, yet block the acrosome reaction [26]. The
extensive use of frozen spermatozoa in assisted reproductive techniques, together with the development of assisted
fertilization using surgically retrieved spermatozoa, creates the need for additional studies to improve
cryopreservation of human spermatozoa.

In summary, semen specimens cryopreserved in TEST-yolk buffer with glycerol had higher sperm motility,
viability, and percentage of normal sperm forms than specimens cryopreserved in glycerol alone. TEST-yolk buffer
combined with glycerol is a good cryopreservative for long-term storage of human spermatozoa.
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