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Superoxide Dismutase Activity in the Oviductal and Uterine Fluid of the Bitch and
the Effects of the Enzyme on Viability, Motility and Hyperactivation of Canine Sperm

In Vitro
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ABsTRACT. Superoxide dismutase (SOD) activity in flushings from oviducts and uterine horns of § anestrous, 5 estrous and 7 diestrous bitches
was measured. SOD activity in oviductal fluid in estrous bitches was significantly higher than that in anestrous and diestrous bitches
(P<0.01). SOD activity in uterine fluid of diestrous bitches was, however, significantly higher than that in anestrous and estrous bitches
(P<0.01). Additionally, sperm collected from normal dogs were incubated in MEM and in MEM containing SOD (SOD-MEM) for 24 hr.
The percentages of sperm with viability, motility and hyperactivation in SOD-MEM were higher than those in MEM. SOD produced in
oviduct and uterus may be able to maintain or improve sperm quality and fertility in the dog.
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Superoxide dismutase (SOD) in seminal plasma is the
primary antioxidant enzyme that inhibits increases in reac-
tive oxygen species (ROS) concentration in the semen and
maintains sperm motility [1, 2, 5, 6]. Moreover, canine
sperm motility is low when the level of antioxidant enzymes,
such as SOD and catalase, in seminal plasma are decreased
[11]. The estrous period in the bitch is longer than that in
other mammals, lasting an average of 10 days, and oocytes
in the oviduct are capable of being fertilized 5 days after the
start of estrus [7, 21]. In the canine oviduct, sperm remains
viable for at least 5 days [3]. Antioxidant enzymes are pres-
ent in human [4], mouse [4] and bovine [14] oviductal fluid,
and these enzymes are thought to protect sperm and oocytes
against damage and oxidative stress caused by ROS in the
female reproductive tract [14].

There are no reports about SOD activity of the reproduc-
tive tract in each phase of estrous cycle in the bitch. In this
study, SOD activity in flushings from the oviducts and the
uterine horns of anestrous, estrous and diestrous bitches was
measured. In addition, SOD was added to canine sperm me-
dium, and the effects on sperm viability, motility and hyper-
activation of sperm were evaluated after 24 hr of incubation.

Oviducts and uterine horns from 8 anestrous, 5 estrous and
7 diestrous bitches (1-5 years old) were obtained by ovario-
hysterectomy (OVH) performed for contraceptive purposes
at the Animal Medical Center of our university. Estrous
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cycle stage was identified on the basis of vaginal bleeding
and presence of large follicles in the removed ovaries. After
OVH, right-side oviducts and uterine horns were flushed,
and SOD activity in the flushings was measured. A 20- or
24-gauge retaining needle connected to a 1-m/ injection
syringe was inserted into the lumen of the uterus or oviduct.
The lumen of the oviduct or uterus was flushed with 0.5 or
1.0 m/ of HEPES solution, respectively. SOD activity in the
flushings was measured with a SOD Assay Kit (Trevigen,
Inc., Gaithersburg, MD, U.S.A.) as described previously
[11]. Data were summarized as mean + standard error (+ SE)
U/ml. SOD activity in the oviduct or uterine horn flushings
was compared between anestrous, estrous and diestrous
bitches by one-way analysis of variance (ANOVA) to de-
termine differences between the groups. When a significant
difference was found by one-way ANOVA, Tukey-Kramer’s
post hoc test was used to perform intergroup comparisons.
Statistical significance was set at P values less than 0.05.

Semen was collected by digital manipulation from 4
healthy dogs (2—6 years old) cared for in our university.
Sperm was suspended to a concentration of 1 x 107 sperm/m/
in minimum essential medium (MEM) as a control at 38°C
and in MEM supplemented with 30 units/m/ SOD (Wako
Pure Chemical Industries Co., Ltd., Osaka, Japan) (SOD-
MEM). The concentrations of SOD added to the MEM were
selected to reflect those measured in the oviduct flushings
from the estrous and anestrous bitches. Sperm was incubated
in loosely capped 120 x 15 mm glass test tubes for 24 hr at
38°C in 5% CO, in air. The percentages of viable sperm,
actively motile sperm [12] and sperm exhibiting a unique
active, star-spin-like movement called hyperactivation [22]
were determined 24 hr after the start of incubation. Data
were summarized as mean percent (+ SE) and compared
using the paired-7 test. Statistical significance was set at P
values less than 0.05.
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Table 1.  Superoxide dismutase (SOD) activities (mean
+ SE) in flushings of oviducts or uterine horns
removed from 8 anestrous, 5 estrous and 7 diestrous

bitches
SOD activity (U/m/)
Oviduct Uterine horn
Anestrus 184+1.0% 10.8 1.0
Estrus 29.4+1.69 782+6.29
Diestrus 21.3+1.29 214.6 +18.7°9

a)—c) Values in the same column with different superscript
letters differ significantly (P<0.01).

The mean SOD activity in flushings from the oviducts or
uterine horns of the anestrous, estrous and diestrous bitches
is shown in Table 1. Mean SOD activity in the oviduct fluid
was significantly higher in the estrous bitches than in the an-
estrous or diestrous bitches (P<0.01). Likewise, mean SOD
activity in the uterine horn fluid was significantly higher in
the diestrous bitches than in the anestrous or estrous bitches
(P<0.01) and in the estrous bitches than in the anestrous
bitches (P<0.01).

Changes in the mean percentages of viable sperm, ac-
tively motile sperm and hyperactivated sperm 24 hr after
incubation are shown in Fig. 1. The percentage of viable
sperm, actively motile sperm and hyperactivated sperm was
significantly higher in SOD-MEM than in MEM (P<0.05,
0.05 and 0.01, respectively).

In the present study, SOD activity was detected in canine
oviductal fluid and was found to be higher in estrous bitches
than in anestrous bitches. This is in contrast to other estrous
cycles, such as the bovine estrous cycle, where SOD activity
in oviductal fluid remains constant throughout [14]. These
findings suggest that the kinetics of SOD activity in the es-
trous cycle is species specific. We also showed that sperm
viability, motility and hyperactivation were improved by
SOD supplementation and hyperactivated sperm movement
is known to be necessary for sperm to reach the oocyte in
the oviduct and penetrate its cumulus cell layer [15, 19]. The
mitochondria of human sperm are known to produce ROS
[13], and increases in semen ROS level can cause male in-
fertility [18]. Our results here demonstrated that, at least in
dogs, antioxidant enzymes have a beneficial effect on semen
quality and therefore the ability for fertilization. We assume
that sperm in the oviduct of the estrous bitch are able to
maintain active movement for several days as a result of not
only glycosaminoglycans [10] and oviductal epithelial cell
membrane proteins [8] but also SOD. Transcripts encoding
antioxidant enzymes, such as Cu-Zn-SOD, are expressed in
human [4], bovine [9, 14] and mouse [4] oviductal epithelial
cells (OEC). The present and previous results [4, 9, 14] dem-
onstrated that this SOD production in OEC may be induced
by estradiol-17f secreted from the ovaries, especially in the
estrous phase in bitches.

Furthermore, SOD activity in the uterine horn was in-
creased in estrous bitches and further increased in diestrous
bitches compared with anestrous bitches. SOD activity in the
human endometrial epithelium is known to increase from the
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Fig. 1. Percentages of viable, motile and hyperactivated spermato-
zoa (mean + SE) before (Pre) and 24 hr after incubation in mini-
mum essential medium (MEM; control) or MEM supplemented
with 30 U/m/ superoxide dismutase (MEM-SOD). *P<0.05 and
**P<0.01 compared with control values.

early to mid-late proliferative phases of the menstrual cycle
and increase further in the mid-secretory phase [16, 20].
Cu-Zn-SOD and Mn-SOD are expressed in the human endo-
metrial epithelium throughout the menstrual cycle as well as
in early pregnancy [20]. In addition, antioxidants including
SOD have been reported to promote the in-vitro develop-
ment of mouse embryos by protecting them from oxidative
stress [17]. Therefore, SOD may also protect embryos from
oxidative stress in dogs and allow for successful implanta-
tion or growth in utero.

In conclusion, we demonstrated that SOD activity in dogs
differs on the basis of location or estrous phase, as evidenced
by high SOD activity in the oviduct of estrous bitches and
in the uterus of estrous and diestrous bitches. These find-
ings indicate that SOD production increases in response to
signaling by sex hormones from OEC or in the endometrial
epithelium. SOD produced in the oviduct and uterus may be
able to maintain or improve sperm quality or male fertility
via protection from oxidative stress.
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