


agglutinated spermatozoa ranged from 15 to 75% and 17 to 79%, respectively. The correlation
between motility and agglutination of spermatozoa incubated for 4 min in utero was significant
but low (r = 0-34;  < 0-01).

The acrosomal integrity of the agglutinated spermatozoa was consistently high (>96%) in all
45 females and little variation among females was observed (Text-fig. 2). Conversely, a large
degree of variation (P < 0-01) was observed in the acrosomal integrity of the non-agglutinated
spermatozoa among females (Text-fig. 2). When the variation associated with females was
removed, ejaculates differed in agglutination (P < 0-05) and the acrosomal integrity of single
spermatozoa (P < 0-05) and after 5 min in utero.

Morphological observations
The number of spermatozoa per group of agglutinated cells ranged from 2 to >30 and

averaged approximately 12 spermatozoa (Plate 1). The radial orientation shown is typical.
Vigorous motion of the flagellum was a characteristic of agglutinated spermatozoa at all
evaluations. In contrast, most non-agglutinated spermatozoa were immotile or vibrated without
moving.

Discussion

Exposure of immotile spermatozoa to the uterine environment resulted in reinitiation of
progressive motility of rabbit spermatozoa. Stimulation of sperm respiration following in-utero
incubation in the rabbit is well documented (Hamner & Williams, 1963; Mounib & Chang,
1964; Iritani, Gomes & VanDemark, 1969); however, the present study demonstrated that loss
of motility due to dilution and incubation for 8 h in sodium citrate is reversible, and reinitiation
of motility occurs immediately (5 min) after in-utero incubation. The biochemical basis for the
loss of motility following 8 h incubation in sodium citrate is not known, nor has the identity of
the motility stimulating substance in uterine fluid been determined. Uterine fluid and blood serum
contain pyruvate and lactate (Bavister & Yanagimachi, 1977), but previous studies (Brown &
Senger, 1980) determined that serum-induced reinitiation of motility was not mediated by the
replacement of an oxidizable energy source or divalent ions. Overstreet & Cooper (1975, 1978,
1979) reported that over 70% of rabbit spermatozoa recovered from the uterus showed vigorous
progressive motility. They used a flushing medium containing 5% heat-treated serum which has
been shown to stimulate motility and cause agglutination (Brown & Senger, 1980). The method
for removing spermatozoa by capillary action used in this study prevented subjection of
spermatozoa to a recovery medium, dilution, or the mechanical effects of flushing. Our
technique, however, was restricted to sampling only luminal spermatozoa and no account could
be taken of spermatozoa which might have been attached to the endometrium or present in the
uterine glands. Only one sample could be recovered from each uterine horn due to the increased
incidence of erythrocyte contamination. The observation that motility and agglutination were

highest at 5 min may be due to an inability to sample spermatozoa from the endometrial folds or
it could be the result of selective transport of agglutinated spermatozoa. The dynamics of sperm
transport could not be evaluated using our recovery technique. However, the fact that in all
females spermatozoa again became progressively motile after in-utero incubation clearly shows
that the uterine environment is capable of reversing the loss of motility normally associated with
dilution and in-vitro incubation.

The fact that head-to-head agglutination occurs in utero is often ignored in studies involving
sperm physiology. Mann (1964) summarized the information on agglutination of spermatozoa
and reported that this phenomenon was the result of either (1) non-specific in vitro treatments



such as dilution, washing, cold-shock, changes in pH and osmotic pressure; or (2) a specific
immunological reaction. Consequently, the incidence of agglutination is often regarded as an

artefact. This study shows that agglutination is a physiological phenomenon which occurs in the
uterus independently of the medium used for sperm recovery.

Single and agglutinated spermatozoa apparently represent distinctly different populations
within the uterine lumen: the agglutinated spermatozoa are vigorously motile and have intact
acrosomal membranes. Cohen & Tyler (1980) have also proposed that there are two distinct
populations of spermatozoa in the rabbit uterus based on immunofluorescence microscopy.
They proposed that a small number of spermatozoa which do not bind IgG are refractory to
phagocytosis and are capable of fertilization. The coating of spermatozoa by IgG or other
immunoglobulins may relate to the incidence of agglutination.

The observation that > 96% of agglutinated spermatozoa in all females had intact acrosomes
and vigorous motility while the single spermatozoa showed considerable variation in acrosomal
integrity (10-87%) and motility (15-17%) indicates that head-to-head agglutination in utero is a
selective process dependent on membrane integrity and motility. Senger & Saacke (1976)
reported that bovine spermatozoa agglutinated after addition of serum had a high percentage of
intact acrosomes. A positive correlation between serum-induced agglutination and acrosomal
integrity (Senger & Saacke, 1976; Aalseth et al., 1978; Brown & Senger, 1980) and motility
(Aalseth et al., 1978, Brown & Senger, 1980) is well documented for bovine spermatozoa. The
correlations between agglutination and acrosomal integrity and motility were confirmed for
in-utero agglutination of rabbit spermatozoa. Brown & Senger (1980) suggested that vigorous
motility is important to the process of agglutination by increasing the probability of cellular
association such that maximum agglutination can occur. Head-to-head agglutination may be a

good indicator of sperm quality since it incorporates the characteristics of motility and
acrosomal integrity.

The physiological function of head-to-head agglutination remains unknown. The fact that
agglutination occurs in the uterus after surgical insemination and natural mating suggests a wide
range of functional possibilities. Head-to-head agglutination is a reversible process (Senger &
Saacke, 1976; Brown & Senger, 1980) and many of the spermatozoa dispersed after
agglutination are motile and capable of penetration of the ovum (Yanagimachi, 1970). The
selective nature of head-to-head agglutination and its relation to acrosomal integrity and motility
indicates that agglutination may function in selective sperm transport, to preserve membrane
integrity by a resistance to phagocytosis by uterine leukocytes, or to prevent premature capaci¬
tation and the acrosome reaction.

We thank W. C. Becker and J. F. McCutchan for assistance and Mr Craig Marvin for the
natural mating studies. This is Scientific Paper No. 5779 of the College of Agriculture Research
Center, Washington State University, Project 0237.
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