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Rabbit spermatozoa must reside in the
uteri or oviducts for a period of time to
develop the capacity to fertilize ova. Fertility
of oviducal inseminations performed after
ovulation is the usual measure of sperm ca-
pacitation (1, 2). A reliable procedure to
superovulate rabbits (3) provided a means to
increase the number of observations in as-
says for sperm capacitation. Superovulated
ova are fertile when inseminations are per-
formed before the time of ovulation (3); and
Maurer et al. (4) demonstrated that supero-
vulated ova develop into viable young. How-
ever, Varian et al. (5) reported that ovula-
tion may occur slightly later after an injec-
tion of ovulating hormone into rabbits
primed with FSH; and Sietz et al. (6) found
that the interval between HCG and the first
ovulation can be reduced by previous treat-
ment with PMSG.

Since superovulation may alter the inter-
vals from injection of HCG to ovulation and
to cleavage of ova, the present experiments
were designed principally to determine
whether superovulation of test rabbits influ-
ences results of sperm capacitation assays. A
second objective was to learn whether, in
tests of sperm capacitation, the test rabbits
could be inseminated in the uterus rather
than in the oviduct, because we were con-
cerned that inseminations into the ovarian
end of the oviduct may influence the results
by displacing that portion of the oviduct.

1 Published with the approval of the Director of
the Michigan Agricultural Experiment Station as
paper No. 5278. This research was supported by
U.S. Public Health Service Research Grant No. HD-
03039. A preliminary report of part of these data
has been published [Fed. Proc., Fed. Amer. Soc.
Exp. Biol. 29, 643 (1970) 1.
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Materials and Methods. Mature estrous
rabbits of mixed breeding and weighing 3 to
5 kg were caged individually for at least 30
days at 18° with a 14-hr photoperiod before
assignment to an experiment. In each experi-
ment, semen samples were pooled from six
rabbits with proven fertility. Seminal plasma
was discarded and the sperm were resuspend-
ed to 25 or 500 million/ml of Locke’s solu-
tion with 100 ug of dihydrostreptomycin sul-
fate/ml. Portions of these pooled semen sam-
ples were used for inseminations requiring
freshly ejaculated sperm, and portions (125
X 10¢ sperm in 0.2 ml) were surgically de-
posited in each uterine horn of estrous capac-
itor rabbits which were injected with 100 ug
of NIH-LH? (7). After 10 hr in capacitator
rabbits, the sperm were aspirated from the
uteri and concentrated to 25 million/ml.

With uterine inseminations of test rabbits,
2.5 million sperm in 0.1 ml were deposited
near each tubo-uterine junction and for ov-
iducal inseminations, 1.25 million sperm in
0.05 ml were deposited about 2 cm into the
fimbriated end of each oviduct. Test rabbits
were killed by cervical dislocation 34 hr after
injection of ovulating hormone (75 IU of
HCG*). Numbers of ovulation points were
determined, ova were flushed from the ov-
iducts, and numbers of blastomeres were de-
termined.

To determine the appropriate time to in-
seminate superovulated test rabbits in assays
for capacitation, 60 rabbits were injected
twice daily with 0.4 mg of FSH?® for 3 days.

3NIH-LH-B5 supplied by the Endocrinology
Study Section of the National Institutes of Health.

4 Supplied by E. R. Squibb and Sons, Inc., Cream
Ridge, New Jersey. o

5 Armour FSH-P,
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Hours from HCG injection to semen deposition

Fic. 1. Fertility of oviducal and uterine inseminations with freshly ejaculated sperm at intervals
after injection of ovulating hormone. Numbers of ova represented in each point were from 38 to 93
for oviducal and from 90 to 194 for uterine inseminations. Part of these data for uterine
insemination was published previously [Proc. Soc. Exp. Biol. Med. 133, 1002 (1970)1.

Five rabbits were inseminated within each
uterine horn and 5 rabbits were inseminated
within each oviduct at 0, 6, 8, 10, 12, and 14
hr after an ovulating injection of HCG.

In a second experiment, 119 rabbits were
injected with 75 IU of HCG, 60 of them
following twice daily injection of FSH as in
the first experiment. Half of each ovulation
group was inseminated in each oviduct and
half in each uterine horn adjacent to the
tubo-uterine junction. In each of these four
treatments, rabbits were inseminated at the
time of HCG injection with freshly ejacu-
lated sperm, 13 hr after HCG with freshly
ejaculated sperm, or 13 hr after HCG with
capacitated sperm.

Results. Normal fertility (84-92%) re-
sulted from uterine inseminations with fresh-
ly ejaculated sperm in superovulated rabbits
up to 8 hr after HCG, i.e., up to about 2 hr
before ovulation (Fig. 1). But at 14 hr after
HCG injection, uterine inseminations with
freshly ejaculated sperm resulted in only 23%
fertilized ova. Maximal fertility (52%) with
oviducal inseminations occurred at the time
of HCG injection; then fertility decreased
with increasing time after HCG and only
59% fertility resulted from oviducal insemina-
tions 10 hr after HCG (near the time of ovu-
lation).

In the second experiment, an average of 22
ova was recovered after superovulation of 60
rabbits and an average of 8 ova was recov-
ered from 59 nonsuperovulated rabbits. Nei-
ther sperm capacitation, time of insemina-
tion, nor site of insemination had a signifi-
cant influence on ova recovery (Table I).
But a significantly lower portion of ovulated
ova were recovered from superovulated rab-
bits; 83% from controls and 72% from super-
ovulated rabbits.

Oviducal inseminations of control or su-
perovulated rabbits with freshly ejaculated
sperm 13 hr after HCG resulted in very low
fertility, and similar uterine inseminations re-
sulted in only slightly higher fertility (Table
I). Fertility of rabbits inseminated with ca-
pacitated sperm at 13 hr after HCG was
similar to the fertility of rabbits inseminated
with freshly ejaculated sperm at the time of
HCG injections. Over all treatments, fertility
was significantly higher with uterine than
with oviducal inseminations (»<0.05).

Neither site of insemination nor supero-
vulation influenced significantly the number
of blastomeres (Table II) 34 hr after HCG.
But ova recovered from rabbits inseminated
with freshly ejaculated sperm at the time of
HCG injection had significantly more blas-
tomeres (4.72) than rabbits inseminated with
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TABLE 1. Fertility and Efficiency of Recovery of Ova from Control or Superovulated Rabbits
After Oviducal® or Uterine® Inseminations.

Test rabbits inseminated

Ova? recov- Ova (%)
Time* ered/ovula-

Sperm Ovulation (hr) Site No. tionpoints Recovered Fertilized
Freshly Control 13 Oviduet 11 64/115 59 + 9° 4+ 4f
ejaculated 13 Uterus 9 76/82 92 + 12 20 + 10

Superovulated 13 Oviduet 11 276/385 74+ 8 1+ 1

13 Uterus 10 222/328 70 + 11 5§+ 3

Control 0  Oviduet 9 62/68 96 + 14 34 +13

0  Uterus 10 85/100 87+ 8 71+ 9

Superovulated 0  Oviduet 10 194/274 783+ 7 26+ 8

0 Uterus 10 242/325 82 + 10 80+ 7

Capacitated® Control 13 Oviduet 10 78/98 84+ 8 54 + 11
13 Uterus 10 76/89 83+ T 51 + 10

Superovulated 13 Oviduet 9 149/271 58 + 8 30+ 6

13 Uterus 10 211/317 M+ 8 2+ 9

¢ Sperm (1.25 X 10° in 0.05 ml) deposited about 2 em into the fimbriated end of each oviduet.
® Sperm (2.5 X 10° in 0.1 ml) deposited near each tubo-uterine junetion.

° Hours after injection of ovulating hormone.

4 Ova flushed from oviduets 34 hr after injection of ovulating hormone,

® Mean percentage recovery =+ standard error among rabbit.

" Mean percentage fertility -+ standard error among rabbit.

? Sperm recovered after uterine incubation for 10 hr in eapacitor rabbits injected with 100 ug

of NTH-LH at the time of sperm deposition.

capacitated sperm 13 hr after HCG (3.90).
Standard errors of the mean number of blas-
tomeres were larger when rabbits were insem-
inated with freshly ejaculated sperm at the
time of HCG injection than when rabbits
were inseminated with capacitated sperm.
Discussion. Fertility of uterine insemina-

tions was maximal in superovulated rabbits
when inseminations were performed at least 2
hr prior to ovulation. But maximal fertility
from oviducal inseminations occurred when
inseminations were performed about 10 hr
before ovulation. These fertility results are
similar to those reported in nonsuperovulated

TABLE II. Average Number of Blastomeres in Fertilized Ova.

Test rabbit inseminated

Sperm treatment Ovulation method Time® (hr) Site No. of blastomeres
Freshly ejaculated Control 0 Oviduet 4,60 + 0.60°
0 Uterus 5.25 + 0.52
Superovulated 0 Oviduet 4.73 + 0.27
0 Uterus 4.31 + 0.14
Capacitated® Control 13 Oviduet 3.94 + 0.05
13 Uterus 3.97 + 0.08
Superovulated 13 Oviduct 3.90 +- 0.16
13 Uterus 3.78 - 0.19

“ Hours after injection of ovulating hormone.

® Mean number of blastomeres + standard error among rabbit.

° Sperm recovered after uterine incubation for
pg€ NIH-LH at the time of sperm deposition.

10 hr in capacitator rabbits injected with 100
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rabbits (8) inseminated at comparable peri-
ods after injection of ovulating hormone. But
Ishijima et al. (9) found 74% of ova recov-
ered from superovulated Japanese white rab-
bits were fertile when mating took place 12
hr after HCG injections and 23% fertility
occurred at matings 14 hr after HCG. This
slightly higher fertility than we found may
be related to the PMS and estrogen used to
induce superovulation. On the basis of our
data, 12 to 14 hr after injection of HCG
appears to be an appropriate time to insemi-
nate superovulated test rabbits with sperm to
be assayed for capacitation.

Lowest fertility was obtained from ov-
iducal inseminations with freshly ejaculated
sperm performed 13 hr after the injection of
HCG. In contrast, fertility of inseminations
with capacitated sperm performed 13 hr after
HCG was comparable to that of insemina-
tions with freshly ejaculated sperm at the
time of HCG injection. Overstreet (10) re-
ported that rabbits inseminated with 10,000
capacitated sperm 10 to 13 hr after HCG had
higher fertility than those inseminated with
untreated sperm at the time of HCG injec-
tion. Although we found a comparable diff-
erence in fertility among oviducal insemina-
tions in control rabbits, it was not significant
and uterine inseminations resulted in the op-
posite trend. Differences between these re-
sults and Overstreet’s may be related to num-
bers of sperm inseminated. These data indi-
cate that few ova will be fertilized when
inseminations are performed 13 hr after HCG
injection unless the sperm have been capaci-
tated previously.

In agreement with earlier results (3), fer-
tility of ova from control and from supero-
vulated rabbits did not differ appreciably.
Higher fertility from uterine than from ov-
iducal inseminations is consistent with previ-
ous reports (7, 8), and is probably caused by
more rapid sperm capacitation in the uterus
than in the oviduct of estrous rabbits.

Varian et al. (5) observed that, at 23 to 33
hr after injection of ovulating hormone, fer-
tilized ova from control rabbits were in a
later stage of cleavage than ova from supero-
vulated rabbits. We did not find this differ-
ence among ova recovered at 34 hr after

injection of HCG. Neither was the mean
number of blastomeres influenced significant-
ly by site of insemination. Thus, neither of
these treatments had significant influence on
the time of ovulation. But the means and the
standard errors for number of blastomeres
were larger when rabbits were inseminated
with freshly ejaculated sperm at the time of
HCG injection. The more advanced develop-
mental stage of ova recovered from rabbits
inseminated with freshly ejaculated sperm at
the time of HCG injection may be attributed
to fertilization occurring soon after ovula-
tion, while our inseminations with capaci-
tated sperm were performed 2 to 3 hr after
ovulation.

We conclude that sperm may be assayed
for capacitation with oviducal or with uterine
inseminations into superovulated test rab-
bits, Lower fertility from oviducal than from
uterine inseminations may provide a more
discriminative assay.

Summary. Rabbits which had been supero-
vulated with FSH and HCG were compared
with rabbits ovulated with HCG to assay
sperm for capacitation. Inseminations with
freshly ejaculated sperm O to 13 hr after an
ovulating injection of HCG were compared
with inseminations with capacitated sperm 13
hr after HCG. Superovulation increased the
number of recovered ova from 8 to 22 and
depressed percentage of ova recovery, but did
not influence fertility significantly. Site of
insemination did not influence ova recovery,
but uterine inseminations resulted in higher
fertility than oviducal inseminations whether
they were performed with freshly ejaculated
or with capacitated sperm. Inseminations
with freshly ejaculated sperm at the time of
injection of HCG resulted in more advanced
ova development 34 hr after HCG than inse-
minations with capacitated sperm 13 hr after
HCG. The data indicate that sperm may be
assayed for capacitation with oviducal or
with uterine inseminations into superovulated
test rabbits. Lower fertility from oviducal
than from uterine inseminations may provide
a more discriminative assay.

1. Austin, C. R., Aust. J. Sci. Res., Ser. B 4, 581
(1951).



SPERM CAPACITATION AFTER SUPEROVULATION 97

2. Chang, M. C, Nature (London) 168, 697
(1951).

3. Kennelly, J. J., and Foote, R. H., J. Reprod.
Fert. 9, 177 (1965).

4. Maurer, R. R., Hunt, W. L., VanVleck, L. D,
and Foote, R. H., J. Reprod. Fert. 15, 171 (1968).

5. Varian, N. B., Maurer, R. R, and Foote, R.
H., J. Reprod. Fert. 13, 67 (1967).

6. Seitz, H. M., Brackett, B. G., and Mastroianni,
L., Biol. Reprod. 2, 262 (1970).

7. Wettemann, R. P., and Hafs, H. D., Proc. Soc.
Exp. Biol. Med. 133, 1002 (1970).

8. Adams, C. E., and Chang, M. C., J. Exp. Zool,,
151, 159 (1962).

9. Ishijima, Y., Ito, M., and Azuma, Y., Jap. J.
Anim. Reprod. 15, 29 (1969).

10. Overstreet, J. W, J. Reprod. Fert. 21, 279
(1970).

Received April 23, 1971. P.S.EB.M., 1971, Vol. 138,





