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Motivation
• Most biological problems in reproduction involve the locomotion 
of spermatozoa in mucus (an elastic fluid, therefore a non-
Newtonian fluid) (see picture on the right).

• Almost nothing is know about the general principles of 
locomotion in elastic fluids.

• Challenge: design a simple mechanical swimmer which exploit the 
elastic properties of the fluid to move

Objective
• Design a small device (a few centimeters) which can move in an 
elastic fluid using self-contained actuation.

• The device is composed of two solid bodies of different shapes 
(e.g. a hemisphere and a cone) which rotate relative to one another.

• It is immersed in an elastic fluid (e.g. a polymeric solution) and the 
relative rotation of the two bodies leads to locomotion. [if the fluid 
is replaced by a Newtonian fluid, such device should not be able to 
move, demonstrating therefore that it is a purely elastic swimmer].

fluid

particular species and to do so for sperm swimming in a
physiological liquid medium on slides. Activatedmotility
is defined by Yanagimachi (1994) as follows: sperm
within the epididymis are inactive or nearly so. When
they are released into seminal plasma in vivo or into
physiological medium in vitro, they soon begin to swim
vigorously in a virtually straight trajectory (Fig. 1a).
Hyperactivated motility is defined as the swimming
pattern shown by most sperm retrieved from the
oviductal ampulla at the time of fertilization. The
flagella of hyperactivated sperm form deeper bends
and their beating is usually asymmetrical (Fig. 1b). As a

result, hyperactivated sperm tend to swim vigorously in
circles on a microscope slide. In cattle, sperm that are
fully hyperactivated complete a circle in two flagellar
beats, giving the appearance of swimming in figures-
of-eight (Ho and Suarez 2001a).

Objective evaluation of hyperactivation has been
attempted using computer-assisted sperm analysis
(CASA). A common procedure for defining hyperacti-
vation by CASA for a particular species is to incubate
sperm under capacitating conditions and compare
swimming patterns with sperm that have not been
exposed to capacitating conditions. A set of movement
patterns seen to increase over time under capacitating
conditions is then categorized as hyperactivated. To
assay for incidence of hyperactivation, threshold values
are set for movement measurement variables that
distinguish this set of patterns from others (Mortimer
and Maxwell 1999). Note that most CASA systems
operate by measuring the movements of the head, which
only indirectly measures flagellar movement.

Initiation of Hyperactivation In Vivo
Hyperactivation must be switched on at the right place
and time to achieve fertilization. Thus, it is reasonable to
speculate that specific signals appear within the oviduct
shortly before ovulation. There is evidence that various
components of the female reproductive tract may serve
as physiological stimuli of hyperactivation. Hormones,
ions and secretions in the oviductal luminal fluid vary
during the estrous cycle (Nichol et al. 1992). When the
oocyte enters the oviduct, it usually brings along
cumulus oophorus and follicular fluid. These have been
shown to influence sperm motility.

Human follicular fluid has a dose-dependent effect on
flagellar beat frequency and hyperactivation (Yao et al.
2000). It was suggested that progesterone is the active
factor, because it enhances hyperactivation (Sueldo et al.
1993). However, progesterone did not stimulate hyper-
activation in at least one study (Kay et al. 1994) and
progesterone receptors are confined to the human sperm
head (Blackmore and Lattanzio 1991).

Cumulus cells that enter the ampulla with the oocyte
may also provide signals for hyperactivation. Superna-
tant from the culture of cumulus oophorus cells
increased curvilinear velocity and side-to-side movement
of the heads of human sperm (Fetterolf et al. 1994).

Despite evidence from in vitro experiments for a role
of follicular fluid and cumulus in initiating hyperactiva-
tion, evidence of events taking place in vivo indicates
they cannot be solely responsible for initiating hyperac-
tivation. Hyperactivated sperm have been recovered
from the rabbit oviduct before ovulation (Cooper et al.
1979). In pigs, although follicular fluid was found to
reach the oviductal ampulla at ovulation, less than 1%
of it was retained in the ampullary lumen (Hansen et al.
1991); therefore, little, if any, would reach the sperm
reservoir in the caudal isthmus. On the other hand, the
follicle may communicate with the sperm in the isthmus
while still in the ovary. There is anatomical evidence for
a vascular counter-current transfer of follicular hor-
mones from veins leaving the ovary to arteries supplying
the wall of the isthmus (Hunter et al. 1983).
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Fig. 1. Video images of swimming patterns of bull sperm on glass slides
in shallow chambers approximately 10 lm deep. Sperm were illumin-
ated by flashes from a xenon strobe at 60 Hz, while video frames were
digitized at 30 Hz. Each image represents two consecutive video fields
spaced 1/60 s apart. Traces of the images are shown in insets. (a) The
symmetrical flagellar beat pattern of activated sperm. (b) The asym-
metrical flagellar beat pattern of hyperactivated sperm. (c) The pro-
gressive swimming of hyperactivated sperm in a thick, viscoelastic
solution of long-chain polyacrylamide. Bar ¼ 10 lm. (Reprinted, with
permission, from Ho and Suarez, 2001b.)
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