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Summary
Seasonally anestrous sows were identified
on day 7 after weaning and treated either
with equine and human chorionic gonad-
otropins or saline (control). Gonadotropin
treatment stimulated ovarian follicular de-
velopment, and more treated sows than
controls expressed estrus, were insemi-
nated, ovulated, and became pregnant
within 1 week after treatment.
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A rapid return to estrus after wean-
ing maximizes productivity in sow
herds. Return to estrus is influ-

enced by season and production factors
(eg, parity and body condition).1-4 The
effects of season and production factors on
postweaning interval to estrus are mediated
by ovarian follicular development.5,6 Sows
with small follicles (< 4 mm) at day 3 after
weaning were more likely to experience
anestrus or delayed estrus compared to
sows with larger follicles.5 High ambient
temperature during lactation was associ-
ated with suppressed follicular growth and
delayed the return of normal follicular
populations after weaning.7 Restoring
compromised follicular growth in anestrous
sows should improve the percentage of
sows in estrus after weaning. An injectable

mixture of equine chorionic gonadotropin
(eCG; 400 IU per mL) and human chori-
onic gonadotropin (hCG; 200 IU per mL)
was developed specifically for the purpose
of stimulating follicular growth in sows
and gilts (P.G. 600; Intervet, Millsboro,
Delaware). This application is widely used
on swine farms.8,9

Current swine industry practices include
injecting P.G. 600 to induce estrus and
ovulation in sows exhibiting seasonal
anestrus. Delaying P.G. 600 injection un-
til day 7 after weaning may provide an
economic advantage, because sows coming
into estus can be identified during the first
7 days and anestrous sows can be treated
after day 7. This approach avoids blanket
treatment of all sows with P.G. 600. The
objective of this study was to examine av-
erage follicular diameter, expression of es-
trus, and pregnancy in sows managed by
injecting anestrous sows with P.G. 600 on
day 7 after weaning. Injection of saline
served as a control for the P.G. 600
treatment.

Materials and methods
Animals, facilities, and experimental
design
The animal protocol for this study was
approved by the Animal Care and Use
Committee of the University of Missouri.
Crossbred sows from three consecutive
farrowing groups in a commercial swine
herd in Missouri were used during August
(Group One in early August, Group Two
in mid-August, and Group Three in late
August). The herd historically experienced
seasonal infertility in August and was
therefore selected for the study. The aver-
age outdoor daytime high ambient tem-
perature and relative humidity during the
experiment were 29.5°C ± 0.6°C and
74.6% ± 1.1%, respectively. All sows were
housed in stalls in the same environmen-
tally controlled buildings with drippers

Résumé – Développement folliculaire
ovarien, oestrus, et ovulation chez des
truies en anoestrus traitées sept jours
post-sevrage avec de la gonadotrophine
chorionique équine et humaine

Des truies en anoestrus ont été identifiées
au jour 7 post-sevrage et traitées avec soit
de la gonadotrophine chorionique équine
et humaine ou avec de la saline (témoin).
Le traitement à la gonadotrophine a
stimulé le développement folliculaire
ovarien. Également, plus de truies traitées
que de truies témoins ont présenté un
oestrus, furent inséminées, ont ovulé, et
sont devenues gestantes 1 semaine ou moins
après le traitement.

Resumen – Desarrollo folicular de los
ovarios, estro, y ovulación en hembras
estacionalmente anestricas tratadas siete
días después del destete con gonadotropina
coriónica equina y humana

Las hembras estacionalmente anestricas se
identificaron en el día 7 después del
destete y se trataron con gonadotropina
coriónica humana y equina o solución
salina (control). El tratamiento de
gonadotropina estimuló el desarrollo
folicular de los ovarios, y más hembras
tratadas que de control expresaron estro,
fueron inseminadas, ovularon, y quedaron
gestantes en 1 semana después del
tratamiento.
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(farrowing rooms) and cool cells (breeding
and gestation areas) to moderate tempera-
ture. Estrus detection was conducted once
daily in the morning beginning on Day 3
(weaning = Day 0) and continued until
Day 13 (end of experiment). A trained
farm technician performed estrus detec-
tion by using the back-pressure test with
fence-line boar contact. Sows were consid-
ered to be in estrus when they exhibited a
standing reflex in the presence of a boar.
Sows that were not detected in estrus by
Day 7 after weaning (approximately 25%
of each farrowing group) were assigned
randomly to receive either P.G. 600 (5 mL
IM; n = 29) or saline (5 mL IM; control; n
= 28). The P.G. 600 and saline groups in-
cluded 11 and 10 first parity sows, 10 and
8 second parity sows, and 8 and 10 third
or greater parity sows, respectively. Aver-
age lactation length was 15.2 ± 0.4 days
and 15.4 ± 0.4 days for P.G. 600 and sa-
line groups, respectively. Transrectal ultra-
sonography was performed once daily be-
ginning on the day of treatment (Day 7)
and continuing daily for 6 days. Sows were
artificially inseminated in the afternoon of
the first and second days of estrus and
were not moved after mating. Sows that
were not inseminated by Day 13 were re-
moved from the farrowing group.

Ultrasonography
An Aloka 500V ultrasound machine
(Corometrics Medical Systems Inc,
Wallingford, Connecticutt) and a 7.5-MHz
linear transducer were used for measuring
ovarian follicles. The transducer was at-
tached to a handle as previously described.5

The ovaries were located 35 to 45 cm cra-
nial to the anal sphincter, anterior to the
urinary bladder. Ovarian images were re-
corded on videotape, and follicles ≥ 2 mm
diameter were measured. An average folli-
cular diameter was calculated for the mea-
sured follicles (approximately 10 per sow
on each day). Day of ovulation was defined
as the day of disappearance of preovulatory
follicles (> 6 mm diameter).

Calculations and statistical
analyses
Intervals from treatment to onset of estrus
and treatment to ovulation were calculated
from breeding and ultrasonographic records.
Data were analyzed using the general linear
models procedure (PROC GLM) of the
Statistical Analysis System (SAS Institute
Inc, Cary, North Carolina). The PROC

GLM procedure used the method of least
squares to fit general linear models. Aver-
age follicular diameter was tested for the
effects of treatment, farrowing group,
treatment by farrowing group, sow nested
within treatment by farrowing group (er-
ror term for the preceding effects), day,
treatment by day, farrowing group by day,
and treatment by farrowing group by day.
The categorical models procedure of SAS
(PROC CATMOD) was used to test cat-
egorical data. The PROC CATMOD pro-
cedure fits linear models to functions of
response frequencies. The effect of treat-
ment on the rates of estrus expression,
insemination, ovulation, and pregnancy
was tested. Rate was defined as the num-
ber experiencing the event divided by the
total number of treated sows. Type 1 error
levels (P values) of < .05 were considered
significant.

Results
Data are presented as least squares means
± SEM. Follicular diameter was larger in
sows treated with P.G. 600 (5.2 ± 0.1 mm)
compared to sows treated with saline (4.0
± 0.1 mm) (P < .001). The response was
affected by farrowing group (P < .05):

average follicular diameter after treatment
depended on the farrowing group that was
treated. Average follicular diameters for P.G.
600 sows were 4.8 ± 0.2 mm, 5.2 ± 0.2 mm,
and 5.4 ± 0.3 mm in Groups One, Two,
and Three, respectively, and for saline control
sows, average follicular diameters were
3.6 ± 0.2 mm, 4.4 ± 0.2 mm, and 4.0 ± 0.2
mm in Groups One, Two, and Three, re-
spectively. Number of sows in estrus and
ovulating was greater for P.G. 600 sows
compared to saline controls (all farrowing
groups combined; Table 1). There was no
effect of farrowing group on the number
of sows in estrus, but there was a tendency
for an effect of group on the number of
sows ovulating, because numerically fewer
sows ovulated in Group One compared to
Groups Two or Three (20%, 54%, and
44% for Groups One, Two, and Three,
respectively, P < .10). Average interval to
estrus and ovulation for both treatments
was similar for sows showing estrus and
ovulating during the 6-day period (Table 1).
Compared to control sows, a greater number
of P.G. 600 sows were inseminated and a
greater number became pregnant (Table 1).
All pregnant sows farrowed a subsequent
litter.
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Table 1: Numbers of sows expressing estrus, ovulating, inseminated, and
pregnant for anestrous sows treated with either P.G. 600* or saline 7 days after
weaning, and least squares means (± SEM) for treatment-to-estrus and estrus-
to-ovulation intervals

*    P.G. 600 (Intervet, Millsboro, Delaware) is an injectable mixture of equine chorionic
gonadotropin (400 IU/mL) and human chorionic gonadotropin (200 IU/mL).

†    Numbers and percentages of sows expressing estrus, ovulating, inseminated, and
pregnant were analyzed by linear models that were fit to response frequencies.
Treatment-to-estrus and estrus-to-ovulation intervals were analyzed by the method
of least squares.

‡    Number of sows ovulating is less than number of sows in estrus, as ovulation occurs
approximately 2 days after estrus, and ultrasound examinations on postweaning
days 7 to 13 may not detect ovulation in sows expressing estrus after day 11.

§    Number inseminated/total number.
¶    Number pregnant/total number.
**   Based on the numbers of sows expressing estrus in each treatment group.
††  Based on the numbers of sows ovulating in each treatment group.
NA = not applicable.
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Discussion
In this study, the benefits of P.G. 600
treatment were demonstrated in sows di-
agnosed anestrus by testing for 7 days post
weaning using back pressure and fence-
line contact with a boar. Sows treated with
P.G. 600 had larger follicles than control
sows, and therefore more P.G. 600 sows
expressed estrus, were inseminated, ovu-
lated, and became pregnant. The P.G. 600
treatment apparently stimulates follicular
growth in sows whose productivity would
otherwise be compromised by seasonal
infertility.

Infertility in sows (anestrus, delayed onset
of estrus, irregular estrous cycles, lower
farrowing rates and smaller litter sizes) oc-
curs in summer when temperature and
humidity are high and photoperiod is
long.1,3,4 Some effects of heat stress on
reproduction may be mediated by reduced
feed intake in hyperthermic sows.2-4 The
daytime high outside ambient temperature
during the present study approached
30°C, a temperature associated with sea-
sonal infertility and anestrus. Seasonal in-
fertility is associated with small and
nongrowing follicles,7 and the current re-
sults support an association between small
and nongrowing follicles and anestrus.
The sows enrolled in this study had 4-mm
follicular populations at the start of treat-
ment, and follicles failed to develop further
in control sows. The P.G. 600 treatment
apparently restored estrus and ovulation in
sows that would have been anestrous with-
out treatment. Thus, the mechanisms pre-
venting follicular growth in heat-stressed
sows are efficiently overcome by an inject-
able mixture eCG and hCG.

Follicles were larger in P.G. 600-treated
sows in each of the three farrowing
groups. There was, however, an effect of
farrowing group on the follicle-size re-
sponse. We believe that this effect may
have been caused by a slightly cooler am-
bient temperature (approximately 2 centi-
grade degrees lower) for Groups Two and
Three, which was associated with slightly

larger follicles in the control sows in these
farrowing groups.

In a previous study,10 we observed ovula-
tion before estrus in P.G. 600-treated
sows. That study did not include a con-
trol. Thus, one of the objectives of the
present study was to include an appropri-
ate control (saline) for P.G. 600 treatment
in anestrus sows. We found no evidence of
premature ovulation in this study. The
estrus-to-ovulation interval was approxi-
mately 2 days for both P.G. 600 and con-
trol treatments. The previous study10 was
conducted in the same herd, later in the
year, with sows that had more mature fol-
licles. Perhaps greater follicular maturity at
P.G. 600 treatment influences the time of
ovulation relative to estrus.

Implications
• Administering P.G. 600 to anestrous

sows on day 7 after weaning increases
ovarian follicular growth and the
number of sows expressing estrus and
ovulating within 1 week of treatment.

• Under the conditions of this study,
sows treated with P.G. 600, compared
to saline treatment, are more likely to
express estrus and ovulate, and this is
associated with a greater number of
inseminations and pregnancies.

• Delaying P.G. 600 treatment until
day 7 after weaning has the advantage
that only anestrous sows are treated.
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