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ABSTRACT: We have investigated the effects of caffeine, pentox-
ifylline, and 2'-deoxyadenosine on the motion characteristics and
longevity of domestic cat spermatozoa. Freshly collected or cryo-
preserved domestic cat epididymal sperm were incubated with 0.01—
20 mM caffeine, pentoxifylline, or 2'-deoxyadenosine for 15 minutes
at 23°C. The percent motility (MOT), curvilinear velocity (VCL), lin-
earity (LIN), straight line velocity (VSL), and amplitude of lateral head
displacement (ALH) were determined for each group using computer-
assisted semen analysis. Freshly collected domestic cat sperm ex-
hibited a strong forward progressive movement, and treatment with
caffeine, pentoxifylline, or 2'-deoxyadenosine did not consistently
alter sperm motion. Following cryopreservation, spermatozoa ex-
hibited decreased (P < 0.05) MOT, VCL, VSL, and ALH. Caffeine
and pentoxifylline increased (P < 0.05) the MOT, VSL, VCL, and
ALH of cryopreserved sperm at 0.01-20 mM, in a dose-dependent

manner. 2'-Deoxyadenosine also increased (P < 0.05) both VSL and
VCL at 1.0 mM, and MOT, VSL, VCL, and ALH at 10 mM. All
treatments shifted the percentage of nonhyperactive sperm to either
a transitional or hyperactivated state. The motility indices of cryo-
preserved samples were examined during a 6- hour incubation to
assess the effects of caffeine, pentoxifylline, and 2'-deoxyadenosine
on sperm longevity. Compared to untreated control samples, the
longevity of stimulated cryopreserved sperm was not reduced. These
results indicate that motility stimulants may prove useful for en-
hancing the fertility of cryopreserved cat sperm by increasing their
motility and producing hyperactivated motion.
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Domestic cats tend to be highly fertile, whereas many
nondomestic felids are reproductively compromised
(Wildt, 1990). Strategies employing artificial reproductive
techniques have been developed to help circumvent the
decreased fecundity of several endangered felid species
(Wildt, 1990, 1991). However, a high incidence of tera-
tozoospermia, low sperm motility, and decreased longev-
ity of semen samples have, in part, contributed to poor
in vitro fertilization (IVF) rates in nondomestic felids
(Howard et al, 1984, 1990, 1991; Donoghue et al, 1992a,b).
These characteristics are analogous to male-factor infer-
tility in humans (Aitken et al, 1982b; Mahadevan et al,
1983; Mahadevan and Trounson, 1984; Cohen et al, 1985;
Jeulin et al, 1986; Chan et al, 1989). Therefore, methods
that improve sperm function in felids will be essential in
attaining fertilization rates necessary for the production
of offspring.

Many studies have shown computer-assisted semen
analysis (CASA) to be valuable for monitoring sperm mo-
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tion characteristics and understanding the relationship
between sperm movement and fertilization ability. In hu-
mans, reduced motion characteristics in either fresh or
cryopreserved specimens result in lower fertilization rates,
compared to sperm exhibiting normal motion character-
istics (Mahadevan and Trounson, 1984; Jeulin et al, 1986;
Steinberger et al, 1980; Davis et al, 1991). In general, an
elevation of percent motility (MOT), curvilinear velocity
(VCL), or amplitude of lateral head displacement (ALH)
has been correlated with increased sperm penetration of
human oocytes. Sperm hyperactivation, characterized by
a rapid, nondirectional trajectory (Burkman, 1984), is as-
sociated with mammalian capacitation and is thought to
facilitate fertilization (Robertson et al, 1988). Hyperac-
tivation has been shown to result in elevated values for
the CASA variables MOT, VCL, and ALH (Burkman,
1984; Robertson et al, 1988; Yanagimachi, 1988; Mor-
timer and Mortimer, 1990).

Cyclic adenosine 3’,5'-monophosphate (CAMP) is an
important cellular second messenger involved in various
aspects of sperm function including capacitation and fer-
tilization (Hoskins and Casillas, 1975; Fraser, 1979, 1981;
Garbers and Kopf, 1980; Tash and Means, 1983; Pariset
et al, 1983, 1985; White and Aitken, 1989). In a recent
study, Fraser and Monks (1990) induced sperm capaci-
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tation by elevating CAMP levels with adenosine analogues
and observed an associated hyperactivation of sperm mo-
tility. Intracellular concentrations of cCAMP have been
elevated using 2'-deoxyadenosine, as well as the meth-
ylxanthines, caffeine and pentoxifylline, that inhibit phos-
phodiesterase activity. Using exogenous motility stimu-
lants, numerous investigators (Garbers et al, 1971; Aitken,
1983; Barkay et al, 1984; Ruzich, 1987; Yovich et al,
1988; Hammitt et al, 1989; Imoedembhe et al, 1992) have
enhanced the motion characteristics, respiration, longev-
ity, and fertilization ability of human spermatozoa from
both normospermic and teratospermic individuals. In ad-
dition to teratospermic samples, cryostored human sperm
exhibits reduced motility that is reversible upon the ad-
dition of reagents like caffeine and pentoxifylline (Schill
et al, 1979; Aitken, 1983). These studies have provided
helpful strategies for alleviating male-factor infertility in
certain individuals. If motility stimulants can elevate
sperm motion characteristics of cat sperm without com-
promising longevity this strategy may also be useful with
reproductive technologies employed in breeding endan-
gered felids.

Sustaining optimal genetic diversity in endangered fe-
lids through the distribution of gametes may require as-
sisted reproductive technologies using fresh, as well as
cryopreserved, spermatozoa. Modern reproductive tech-
niques, including artificial insemination (AI) and IVF,
represent a plausible strategy to circumvent sexual incom-
patibility, eliminate the risks associated with animal
transport, and provide a major avenue for using cryopre-
served germ plasm to infuse genes from wild stocks into
captive breeding populations. Because cryopreservation
will play an important role in the storage of genetic ma-
terial and its distribution, it is necessary to develop meth-
ods of optimizing the usage of cryopreserved gametes.
Thus, the purpose of the present study was to examine
methods for stimulating sperm motility and determine
their utility with cryopreserved cat spermatozoa. In a pre-
vious study, we demonstrated the ability of CASA to track
domestic cat sperm accurately (Stachecki et al, 1993).
Using the domestic cat as a model for nondomestic felids,
we have now determined the effects of caffeine, pentox-
ifylline, and 2'-deoxyadenosine on the motion character-
istics, longevity, and hyperactivation of fresh and cryopre-
served spermatozoa.

Materials and Methods

Sperm Collection, Processing, and
Cryopreservation
Immediately following castration, testes from 8-36-month-old

toms provided by local veterinary hospitals were placed in Ea-
gle’s media (Sigma Chemical Co., St. Louis, Missouri) supple-
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mented with 25 mM Hepes and 4 mg/ml bovine serum albumin
(BSA, Sigma, Fraction V), and maintained at 23°C until pro-
cessing. Spermatozoa were collected as previously described
(Stachecki et al, 1993). Briefly, epididymides were washed in
Ham’s F10 medium (Sigma) containing 4 mg/ml BSA, and sper-
matozoa were released into 2 ml of fresh medium through punc-
tures made with a 30-gauge needle. Sperm were then concen-
trated by centrifugation (300 x g, 8 minutes) and resuspended
in medium to a working concentration of 40-70 million sperm/
ml.

For cryopreservation, an aliquot of each epididymal sperm
sample was concentrated by centrifugation, diluted in Ham’s
F10 to a concentration of approximately 100 million sperm/ml,
and then mixed 1:1 with Test Yolk Buffer containing 10% glyc-
erol (Irvine Scientific, Santa Ana, California). The sperm solu-
tion was transfered to a 1.5-ml cryotube (Nunc Inc., Naperville,
Illinois), held above liquid nitrogen vapors for 12 minutes, and
then plunged into liquid nitrogen, where it remained until anal-
ysis. Samples were removed from liquid nitrogen after storage
for 1-6 months, incubated for 5 minutes in a 37°C water bath,
diluted 1:1 with Ham’s F10, centrifuged, resuspended to a work-
ing concentration of 40-70 million sperm/ml, and kept at 23°C
until analysis.

Motility Evaluation

For CASA, a Cell Track/s System (Motion Analysis Corp., Santa
Rosa, California) was adjusted to track felid spermatozoa as
indicated in our previous study (Stachecki et al, 1993). Briefly,
a video digitizing rate of 60 frames per second was used to gather
30 frames of data for calculating kinematics and 5 frames of
data for determining MOT. All examinations were performed
at 23°C using an Olympus BH2 microscope (Olympus; New
York, New York; 100x) with a positive phase-contrast objec-
tive. Microscopic images were relayed to the Cell Track/s system
using a NEC (Woodale, Illinois) TI-23A CCD video camera and
recorded on video tape using a JVC (Eimwood Park, New Jersey)
HR-D940U video cassette recorder. A 5-ul aliquot of each sam-
ple was loaded into a 12-um-deep MicroCell chamber (Concep-
tion Technologies, Inc., San Rafael, California) and the VCL
(microns/second), straight line velocity (VSL; microns/second),
linearity (LIN; 1-100%; VSL/VCL), ALH (microns), as well as
MOT were determined for at least 200 motile sperm.

Effect of Motility Stimulants on Motion
Characteristics

In order to analyze the effect of various motility stimulants on
the motion characteristics of fresh sperm and to test our hy-
pothesis that the motility of compromised cat sperm can be
enhanced using motility stimulants, we treated cryopreserved
sperm with caffeine, pentoxifylline, or 2’-deoxyadenosine. A 10-
ul aliquot of a fresh or cryopreserved sperm sample was mixed
1:1 with Ham’s F10 containing either 0, 0.02, 0.2, 2.0, 20, or
40 mM caffeine or pentoxifylline, or 0.02, 0.2, 2.0, or 20 mM
2'-deoxyadenosine. The samples were incubated for 15 minutes
at 23°C and analyzed for short-term changes in motion char-
acteristics (Hammitt et al, 1989). A total of nine epididymal
samples were used in these studies, either fresh or following
cryopreservation. All nine samples were used to compare motion
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FIG. 1. Representative tracks from (A) nonhyperactivated, (B) tran-
sitional, and (C) hyperactivated domestic cat sperm. Sperm tracks were
selected by visual inspection of CASA-generated sperm paths using the
criteria outlined in the text. The trajectories represent the paths taken
by the sperm heads during 0.5 second of tracking at 60 Hz.
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characteristics of fresh and cryopreserved spermatozoa. Seven
of the nine samples were used to study the effects of caffeine,
pentoxifylline, or 2’-deoxyadenosine on freshly collected sperm.
In three studies examining the stimulation of cryopreserved
sperm, all nine samples were treated with pentoxifylline, eight
of the nine samples were treated with caffeine, and eight of the
nine samples were treated with 2’-deoxyadenosine. The initial
analyses of fresh samples were completed within 3 hours of
castration.
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Effect of Motility Stimulants on
Spermatozoa Longevity

A 20-ul aliquot of a cryopreserved (n = 10) sample was mixed
1:1 with Ham’s F10 containing either 0, 0.02, 0.2, 2.0 mM
caffeine, or 0.2, 2.0, 20 mM pentoxifylline or 2'-deoxyadenosine.
Samples were incubated for 6 hours at 37°C. At hourly intervals,
a 5-ul aliquot was placed on a microscope slide, covered with
an 18-mm x 18-mm coverslip, and visually analyzed at 37°C.
Upon visual analysis, the percent motility and speed of pro-
gression (SOP; based on the type of forward movement of the
sperm cell: 1 = no movement, 2 = slow, nonprogressive motility,
3 = slow forward progression, or 4 = steady, rapid forward
progression) were recorded (World Health Organization, 1992).
These values were used to calculate a sperm motility index (SMI),
used as an overall evaluation of sperm motility characteristics
(Howard et al, 1990). SMI = [percent motility + (SOP x 25)]
+ 2. The 10 specimens used for this study were different than
those examined in the preceding experiments.

Effect of Motility Stimulants on Hyperactivation

Five of the nine samples used in the previous study comparing
the motion characteristics of fresh and cryopreserved sperma-
tozoa were analyzed for hyperactivation. Video recordings of
cryopreserved sperm exposed to 1 mM caffeine, pentoxifylline,
or 2'-deoxyadenosine for 15 minutes at 23°C were examined
using CASA. Individual sperm were subjectively classified into
one of three groups depending on their swimming pattern (Fig.
1). The CASA-generated paths of 200 motile sperm per sample
were characterized using the criteria of Robertson et al (1988)
and Mortimer and Mortimer (1990). Briefly, sperm moving in
a short, straight line were classified as nonhyperactivated (Fig.

Table 1. Kinematic characteristics of freshly collected domestic felid spermatozoa treated with caffeine, pentoxifylline, or 2'-

deoxyadenosine®*

Stimulants % MOT VvCL LIN VSL ALH
Control 79.1 £ 31 1784 £ 29 326 1.2 589 + 2.8 9.7+ 03
Caffeine

0.01 mM 823 + 2.0 1784 £ 40 31.0+08 544 +13 104 + 0.3

0.10 mM 80.3 + 2.6 1773 £ 59 323+ 15 65.0 £ 2.7 102 £ 0.3

1.00 mM 80.0 + 2.7 169.0 + 12.6 35.1 £ 2.0 549 + 43 9.6 + 0.6

10.0 mM 753 £ 25 151.4 + 15.8% 353 + 2.2 471 + 4.2} 89+ 05
20.0 mM 77.0 £ 31 1404 + 14.7¢ 36.0 + 1.7t 45.7 + 6.4t 8.5 + 0.61
Pentoxifylline

0.01 mM 79.6 £ 24 1884 + 7.7 30.6 + 0.8 56.4 + 3.0 104 + 0.4%

0.10 mM 797 £ 1.4 1829 + 4.0 320+ 14 5§71 £ 2.0 102 £ 0.3

1.00 mM 79.7 £ 2.2 1823 £ 8.7 29.7 £ 1.2} 52.7 + 3.8 100 + 04

10.0 mM 80.7 + 1.4 181.7+73 27.3 + 0.6} 451 + 2.7 10.5 + 0.4¢
20.0 MM 827 £ 23 181.8 + 8.0 24.1 + 1.0% 416 + 2.7 99+ 05
2'-Deoxyadenosine

0.01 mM 79.0 + 3.8 1849 + 6.6 31117 56.3 + 2.9 102 + 04

0.10 mM 81.7 + 26 190.6 + 6.5 29.6 + 1.0t 565.0 £ 2.7 104 £ 03

1.00 mM 776 £ 3.3 168.0 £ 8.5 31.0+1.2 50.3 + 4.0 94 + 05

10.0 mM 78.6 + 3.2 168.6 £ 7.9 316 +13 49.7 + 2.9t 95+ 04

* Values shown are the mean + SEM for each characteristic determined. Data represent the average of seven samples, each containing at least

200 sperm.
1 Values are different (P < 0.05) from controls.
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Table 2. Comparison of the kinematic characteristics of freshly collected and cryopreserved domestic felid spermatozoa*

Treatment % MOT VCL LIN VSL ALH
Fresh 79.1 £ 23 1783 + 2.2 326 +0.9 59.0 + 2.2 9.7 + 0.2
Cryopreserved 52.9 + 2.5¢% 107.8 + 4.1% 332+08 344 + 1.9% 7.7 £ 0.2t

* Values shown are the mean + SEM for each characteristic determined. Data represent the average of nine samples, each containing at least 200

sperm.
1 Values are lower (P < 0.05) than fresh.

1A). Sperm exhibiting heightened velocity and angular head dis-
placement, determined by the length and width of the path,
respectively, were classified as transitional (Fig. 1B). Sperma-
tozoa swimming vigorously, in a random thrashing pattern, dem-
onstrated by star-shaped tracks, were classified as hyperactivated
(Fig. 1C).

Statistical Analysis .
CASA generates VCL, VSL, LIN, and ALH values averaged over
a population of sperm. These values and MOT of fresh and
cryopreserved domestic cat spermatozoa treated with and with-
out motility stimulants were recorded as means + SEM. Dif-
ferences between the means were analyzed using repeated mea-
sures ANOVA. Differences between the sperm motility indices
at each time point and the percentage of nonhyperactivated,
transitional and hyperactivated sperm between control, caffeine,
pentoxifylline, and 2'-deoxyadenosine-treated samples were an-
alyzed using ANOVA. P values <0.05 were considered signifi-
cant.

Results

Stimulation of Fresh Epididymal Sperm

Motion characteristics of freshly collected domestic cat
sperm treated with caffeine, pentoxifylline, or 2’'-deoxy-
adenosine are presented in Table 1. None of the motility
stimulants consistently altered sperm motion. Caffeine
treatment of fresh sperm decreased VCL and VSL at 10
and 20 mM and reduced LIN and ALH at 20 mM. Treat-
ment with 2’-deoxyadenosine lowered LIN at 0.1 mM
and VSL at both 1 and 10 mM. Pentoxifylline treatment
lowered LIN at 1, 10, and 20 mM, lowered VSL at 10

and 20 mM, and increased ALH at 0.01 and 10 mM.
Overall, there were no specific trends in sperm motion
following the exposure of fresh sperm to any motility
stimulant.

Stimulation of Cryopreserved Epididymal Sperm

All motion characteristics, except LIN, were reduced in
cryopreserved sperm as compared to fresh sperm (Table
2). Motion characteristics of cryopreserved domestic cat
sperm treated with caffeine, pentoxifylline, or 2'-deoxy-
adenosine are presented in Tables 3-5. Addition of the
motility stimulants resulted in a consistent and dose-de-
pendent increase of the motion characteristics. Caffeine
increased the MOT, VCL, VSL, and ALH of treated sperm
at all of the concentrations tested, with the exception of
ALH when using 20 mM (Table 3). Pentoxifylline also had
a profound stimulatory effect, increasing MOT, VCL, VSL,
and ALH at the majority of concentrations tested (Table
4). 2'-Deoxyadenosine-treated spermatozoa were also en-
hanced in their motion characteristics but to a much lesser
extent than either caffeine or pentoxifylline treatment (Ta-
ble 5). MOT, VCL, VSL, and ALH were elevated using
10 mM 2'-deoxyadenosine. Additionally, 1 mM 2'-deox-
yadenosine increased both VCL and VSL. Due to the
constancy of the VSL/VCL ratio, LIN did not change,
except when exposed to 20 mM pentoxifylline (Tables 3—
5).

Effect of Motility Stimulants on

Sperm Longevity

Stimulation of cryopreserved cat spermatozoa using caf-
feine, pentoxifylline, or 2'-deoxyadenosine was not det-
rimental to the maintenance of motility (Fig. 2A-C). Mo-

Table 3. Kinematic characteristics of cryopreserved domestic felid spermatozoa treated with caffeine*

Caffeine

concentration % MOT VvCL LIN VSL ALH
0omM 526 + 2.8 1083 + 46 328 + 0.8 34121 76 +03
0.01 mM 59.8 + 5.5t 125.8 + 9.7¢ 33.1+09 39.1 £ 2.7¢ 8.6 + 0.3t
0.10 mM 62.3 + 3.5t 126.9 + 6.8} 334 +£09 40.0 = 2.1t 8.7 + 0.2
1.00 mM 65.3 + 2.1t 133.3 + 5.01 334 +0.8 425 + 2.1¢ 8.5 + 0.3t

10.0 MM 66.4 + 3.2t 139.5 + 3.7 320+ 1.1 413 + 1.5¢ 8.3 + 0.31

20.0 mM 68.3 + 3.5t 137.9 + 6.1% 321 +1.0 40.0 + 3.1t 82+04

* Values shown are the mean + SEM for each characteristic determined. Data represent the average of 6 samples, each containing at least 200

sperm.
1 Values are greater (P < 0.05) than controi group.
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Table 4. Kinematic characteristics of cryopreserved domestic felid spermatozoa treated with pentoxifylline*

Pentoxifylline

concentration % MOT VCL LIN VSL ALH
omM 529 + 25 107.8 + 4.1 33.2+0.8 34419 7.7+0.2
0.01 mM 546 1.7 120.2 + 5.6t 342+ 09 39.3 + 2.8t 8.3 + 0.41
0.10 mM 61.0 + 3.21 123.8 + 3.7¢ 33.7+0.9 40.2 + 1.5¢ 81+03
1.00 mM 62.1 + 3.0t 132.1 + 3.4¢% 341+1.6 428 + 2.2t 8.4 + 0.3t

10.0 mM 66.4 + 3.5t 142.7 + 3.0t 31814 421 + 2.2¢ 8.7 + 0.3f

20.0 mM 70.0 + 3.8t 143.0 + 4.1} 27.8 + 1.4} 36.1 £ 22 9.0 + 0.2

* Values shown are the mean + SEM for each characteristic determined. Data represent the average of nine samples, each containing at least 200

sperm.
1 Values are different (P < 0.05) from control group.

tility indices of stimulated sperm paralleled those of
controls over the 6-hour incubation period. Most impor-
tantly, no concentration of motility stimulant resulted in
a significant decrease of sperm longevity.

Enhancement of Sperm Hyperactivation
Using Motility Stimulants

Based on previous reports that showed hyperactivation
to be associated with an increase in VCL and ALH (Rob-
ertson et al, 1988; Mortimer and Mortimer, 1990) and
our finding in the present study that both VCL and ALH
of previously cryopreserved spermatozoa were increased
by treatment with motility stimulants, we determined
whether exposure to motility stimulants was causing the
sperm to become hyperactivated. Therefore, we examined
the proportion of sperm that exhibited either nonhyper-
activated, transitional, or hyperactivated swimming char-
acteristics (Fig. 1) in control and stimulated samples (Ta-
ble 6). Spermatozoa were treated with either 1 mM caffeine,
pentoxifylline, or 2’-deoxyadenosine. This concentration
of each stimulant consistently produced SMI values fol-
lowing a 6-hour incubation that were equal to or greater
than (P > 0.05) the controls (Fig. 2). All motility stimulant
treatments significantly altered the hyperactivation state
of the spermatozoa (Table 6). The percentage of nonhy-
peractivated sperm was reduced following caffeine and
pentoxifylline treatment as compared to controls (38.0 +
2.1% and 34.0 + 4.0% vs. 53.8 + 5.7%), and the pro-
portion of sperm that exhibited transitional motion was

increased in the caffeine group (54.0 = 1.7%) as compared
to the control (42.6 + 5.2%). Both pentoxifylline and 2'-
deoxyadenosine increased the proportion of hyperacti-
vated sperm (13.2 + 2.1% and 8.2 + 1.6%) as compared
to controls (3.6 = 0.8%).

Discussion

This study examined the effects of motility stimulants on
the motion characteristics of felid spermatozoa in order
to assess their potential for enhancing the reproductive
efficacy of this taxon. All of the motility stimulants used
in this study have previously been shown to increase MOT,
VCL, VSL, and ALH and improve the fertilization ability
of mammalian sperm (Fraser, 1979; Barkay et al, 1984;
Pomeroy et al, 1988; Yovich et al, 1988; Hammitt et al,
1989; Hellstrom, 1989; Imoedemhe et al, 1992). The re-
sults of this study demonstrate that cryopreserved sperm
motion characteristics can be significantly stimulated by
caffeine, pentoxifylline, or 2’-deoxyadenosine, as assessed
using CASA. These results also extend previous reports
that cryopreservation decreases felid sperm motility (Platz
et al, 1978; Byers et al, 1989; Donoghue et al, 1992b).
Cryopreserved domestic cat sperm may thus provide a
better model of poorly functioning sperm obtained from
nondomestic felids than freshly collected sperm. Our data
suggest that motility stimulants can alter the swimming
pattern of previously cryopreserved sperm toward a more

Table 5. Kinematic characteristics of cryopreserved domestic felid spermatozoa treated with 2'-deoxyadenosine*

2'-Deoxy-
adenosine
concentration % MOT VCL LIN VSL ALH
omM 522 +27 105.5 + 3.8 334 +0.9 33.7 £ 21 77 +03
0.01 mM 539 + 3.5 1110+ 58 340 £ 0.8 35.6 + 2.1 79 +0.2
0.10 mM 50.7 £ 1.9 113.0 £ 3.9 345 +0.8 371 +22 78+ 03
1.00 mM 574 +19 117.7 £+ 4.2% 354 +13 40.6 + 2.1t 8.0+ 0.3
10.0 mM 59.2 + 3.3t 130.7 + 3.8t 329 + 0.8 40.1 + 1.9t 8.3 + 0.2¢

* Values shown are the mean + SEM for each characteristic determined. Data represent the average of eight samples, each containing at least

200 sperm.
1 Values are greater (P < 0.05) than control group.
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FIG. 2. Effect of motility stimulants on cryopreserved domestic cat
sperm longevity. Spermatozoa were recovered from cat epididymides,
incubated at 37°C in medium containing (A) 0 mM (closed circles), 0.01
mM (open circles), 0.1 mM (open squares), 1.0 mM (open triangles)
caffeine; (B) 0 mM (closed circles), 0.1 mM (open squares), 1.0 mM (open
triangles), 10.0 mM (open circles) pentoxifyliine; or (C) 0 mM (closed
circles), 0.1 mM (open squares), 1.0 mM (open triangles), 10.0 mM (open
circles) 2'-deoxyadenosine, and analyzed each hour for 6 hours. MOT
and SOP were determined manually, based on the type of forward move-
ment of the sperm cell: 1 = no movement to 4 = steady, rapid forward
progression. These values were used to calculate SMI, used as an overall
evaluation of sperm motility characteristics. Error bars are not shown.
All SEM values are within 5% of the mean.

hyperactivated state without decreasing their longevity.
Furthermore, these data lend support to a method for
improving the reproductive utility of cryostored sperm
that has proven effective in other mammalian species.
We have demonstrated (Stachecki et al, 1993) that
freshly collected epididymal cat spermatozoa exhibit high
swimming velocities (VCL 178.4 um/second) and an el-
evated ALH (9.7 um), as compared to ejaculated human
sperm (VCL 52.0 um/second; ALH 3.0 um) (Davis et al,
1992). Although we expect washed ejaculated sperm to
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be similar to epididymal sperm, there may be differences
in their motion characteristics. In the present study, con-
sistent stimulation of fresh cat sperm with motility stim-
ulants was not observed (Table 1), possibly because en-
dogenous cAMP levels were already high in these sperm.
In contrast to fresh sperm, treatment of previously frozen
domestic cat sperm with motility stimulants resulted in
a dose-dependent increase in sperm motion characteristic
values (Tables 2-4). Nearly all concentrations of caffeine
and pentoxifylline resulted in elevated values for MOT,
VCL, VSL, and ALH, whereas only the highest doses of
2'-deoxyadenosine were stimulatory.

CASA has been used to ascertain the motion charac-
teristics that are most closely associated with fertilization
ability (Aitken et al, 1982a; Mahadevan and Trounson,
1984; Holt et al, 1985; Jeulin et al, 1986; Chan et al, 1989;
Daviset al, 1991). These studies indicate that MOT, VCL,
and ALH are the most important characteristics associ-
ated with IVF rates in humans. On the basis of these
reports, other investigators have used motility stimulants
that elevate MOT, VCL, and/or ALH, to increase fertil-
ization rates of sperm compromised by cryopreservation
or teratospermia (Aitken et al, 1983; Yovich et al, 1988;
Imoedemhe et al, 1992). Therefore, it is possible that
exposure of fresh or cryopreserved felid sperm to caffeine,
pentoxifylline, or 2'-deoxyadenosine may improve fertil-
ization ability by altering sperm motion characteristics.
The impact of motility stimulants on fertilization ability
can be quite impressive. Pomeroy et al (1988) demon-
strated that fresh capacitated murine spermatozoa treated
with caffeine achieved an 89% fertilization rate using a
brief, 15-minute insemination period, whereas the fertil-
ization rate of the control was only 27%.

Freshly collected, washed epididymal (unpublished ob-
servations) or ejaculated (Wildt, 1991) domestic cat sper-
matozoa remain motile for approximately 30 hours with
a gradual reduction in their motility over time, whereas
cryopreserved sperm motility is greatly reduced after only
6 hours (Fig. 2). In a recent study, Donoghue et al (1992a)
hypothesized that, in cheetahs, the etiology of poor re-
productive performance is more male than female related
and demonstrated a correlation between fertilization rates
and longevity of spermatozoa. In a similar study, Don-
oghue et al (1992b) revealed that fertilization rates were
reduced among cryopreserved tiger spermatozoa that ex-
hibited decreased longevity patterns. We were concerned
that in elevating the motion characteristics of cryopres-
erved sperm longevity may be decreased. Hammitt et al
(1989) noted that longevity of human sperm declined fol-
lowing incubation with motility stimulants, while Ruzich
et al (1987) reported that caffeine can extend sperm lon-
gevity. In our study, however, we observed no significant
reduction in sperm longevity following exposure to any
of the motility stimulants.
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Table 6. Hyperactivation of stimulated cryopreserved domestic felid spermatozoa*

Stimulants Nonhyperactivated Transitional Hyperactivated
Control 538 + 5.7 426 £ 5.2 3608
Caffeine 38.0 + 2.111 54.0 + 1.7 8.0+ 1.2
Pentoxifylline 34.0 + 4.0t 528 + 3.5 13.2 £ 2.1%
2'-Deoxyadenosine 43.6 + 4.6 49.0 + 3.1 8.2 + 1.6t

* Values shown are the mean percentages of five samples + SEM for each characteristic determined, each sample consisting of 200 sperm. Treated
samples were exposed to 1 mM caffeine, pentoxifylline, or 2'-deoxyadenosine for 15 minutes at 23°C.

1 Values shown are different (P < 0.05) than controls.

 Values shown are lower (P < 0.05) than the transitional plus hyperactivated values.

Hyperactivation is an additional factor that can influ-
ence fertilization rates. Hyperactivated motility was first
described in hamster sperm, during capacitation in Ty-
rode’s solution and in the ampullary region of the oviduct
around the time of fertilization (Yanagimachi, 1970).
During hyperactivation, spermatozoa exhibit a whiplash
pattern of movement associated with an increase in VCL
and ALH (Burkman, 1984; Mortimer et al, 1984; Rob-
ertson et al, 1988; Yanagimachi, 1988; Mortimer and
Mortimer, 1990). It has been proposed that hyperacti-
vation aids the sperm in reaching the egg and penetrating
its vestments (Suarez et al, 1983; Katz et al, 1989; Suarez,
1991). Our data revealed a shift in the sperm population
from a nonhyperactive state to either a transitional or
hyperactivated state following a 15-minute exposure to
any of the motility stimulants (Table 6). Because hyper-
activated sperm were found in both freshly collected (data
not shown) as well as in cryopreserved control samples
(Table 6) and hyperactivated motion is required for fer-
tilization, these data support the observation by Niwa et
al (1985) that freshly collected epididymal domestic cat
sperm can fertilize oocytes within 30 minutes of insem-
ination.

The present study provides kinematic values for fresh
and frozen domestic cat sperm exposed to motility stim-
ulants, revealing important differences following cry-
opreservation and stimulation. These results extend pre-
vious work (Stachecki et al, 1993) by demonstrating that
domestic cat sperm show a significant reduction in their
motion characteristics following cryopreservation that is
similar to the decreased kinematics found in freshly col-
lected sperm from teratozoospermic cats. Based on the
information presented here, it is conceivable that the suc-
cess of assisted reproductive techniques including IVF
and Al could be enhanced by treating felid spermatozoa
with caffeine, pentoxifylline, or 2'-deoxyadenosine.
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