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Prostaglandin F2, ( PGF2,) is luteolytic in 
sevelral laboratory animals ( 1 ) , sheep ( 2 ) , 
and cattle (3 ,  4). In  cows and sheep, uterine 
control of luteal function depends upon close 
proximity of these two organs ( 5 ) .  The appo- 
sition of the uterine vein to tbe ovarian ar- 
tery in sheep (6)  and cows (7 )  may account 
for the observatibn that 3H-PGF2, was trans- 
ferred directly from the vein to the artery 
(8). Since uterine control of luteal function 
in mares is mediated systemically (9 )  and 
the ovarian artery and uterine vein are not in 
intimate contact (6 ) ,  this experiment was 
designed to determine luteal function after 
intrauterine or systemic administration of 
PGF2, in mares. 

Materials and Methods. Six grade mares 
(300-500 kg; 3-20 yr) were tested by daily 
exposure to a stallion to detect estrus. Follic- 
ular growth and ovulation were monitored by 
palpation daily during estrus and every 
third day during the interestrual period. On- 
set of estrus, ovulation, and end of estrus 
were estimated at  12 hr previous to time first 
detected. Depending on the stage of the 
estrous cycle, the mares were bled by jugular 
puncture 1-4 times daily. At 7-9 days after 
ovulation during a control cycle, 10 mg 
PGF2, (Tham salt)2 in 1.0 ml 0.85% saline 
was infused into the uterus. After the estrus 

1Published with the approval of the Director of 
the Agricultural Experiment Station as paper no. 
6509; supported by USPHS Research Grant HD 
06948. Abstracts of (this research h,ave been pub- 
khed. [Fed. Proc. 32, 299 (1973); J .  Anim. Sci. 
37, 323 (1973) 1. 

2PGFm Tham salt was sulpplied by D'r. J .  E. 
Pike od The Upjohn Company. 
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which followed PGF2,, the mares were al- 
lowed a second control cycle. Seven to nine 
days after ovulation during the second con- 
trol estrus, each mare was given sc 15 mg 
PGF2, in 1.0 ml saline. 

Progesterone was quantified by radioimmu- 
noassay (3). To validate this assay for 
equine plasma, 2 2  samples of blood plasma 
representing all stages of the estrous cycle 
were extracted with benzene: hexane (1 : 2) 
and chromatographed on LH-20 Sephadex 
columns with chloroform: ethanol (96: 4) to 
isolate progestogens from estrogens and glu- 
cocorticoids (10). The progestogens were 
then rechromatographed on another LH-20 
Sephadex column with heptane: chloroform: 
ethanol: water (200: 200: 1 :saturated) solvent 
to isolate progesterone from other progesto- 
gens ( 11). Progesterone eluted (fraction 8) 
well in advance of 17,-hydroxyy>rogesterone 
(fraction 12) and 20a-hydroxy-pregn-4-en- 
3-one (fraction 20) in the second solvent 
system. 

LH was determined with a double- 
antibody radioimmunoaslsay similar to those 
described (12, 13). In  specific, (a) purified 
ovine LH3 was iodinated (1251), (b)  rabbit 
antiovine LIE4 was diluted 1:20,000 in 0.01 
M phosphate-bufferled ( ~ € 3  7.0) saline with 
1:400 normal rabbit serum, (c) equine LH3 
was the standard, and (d)  0.1 % Knox gelatin 
in 0.01 M phosphate-buffelred (pH 7.0) 

3Highly purified ovine LH (LER-1056 CZ) Sor 
iodinati,on and purified equine LH (LER 1138-1; 
potency = 0.27 U NIH LH-Sl/rng) were generously 
supplied by Dr. L. E. Reichart (Emlory Univ.). 

4 Rabbit antiovine LH (GDN No. 15) was sup- 
plied by Dr. G. D. Niswender, CoEorado State Univ. 
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hexane ( 1 : 2) extracts without chromatogra- 
phy (av 4.5 vs 4.6 ng/ml). The RIA values 
for LH in four dilutions of plasmas from each 
of three mares were parallel to the standard 
curve (Fig. 1 ) .  Bovine TSH and equine FSH 
cross reacted in the LH assay (Fig. 1) 8% 
and 976, respectively. After injection of T R H ,  
serum thyroxine more than doubled a t  60 

5Equine FSH (G-75F2-42) was supplied by Mr. 
L. Nuti, Univ. of Wisconsin (potency = 90.9 U 
NIH-FSlH-l/mg) . 

6 Highly purified TSlH supplied by Dr. J. Pierce, 
UCLA. 

'. Slupplied by Dr. M. S. Anderson, Abbott Lab., 
N. Chicago. 
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FIG. 2 .  Plasma LH and tthyroxine after thyrotro- 
pin-releasing hormone (TRH, 100 pg iv) in two 
mares. 
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TABLE I. Estrusa and Ovulationa after PGF2, in Six Mares. 

Estrous cycle (days) 

Interval 
Intrauterine Subcutaneous 

Control PGF,, (10 mg) Controlb PGF2a (15 mg) 

Between 
(a) PFGza and estrus - 2.2 f .3 - 2.3 f .3 
(b) PGF2, and ovulation - 8.0 f .6 - 7.1 f l.Ob 
(c) Onset estrus and ovulation 3.8 f .5b 5.8 f .7 3.8 f .4 4.6 f l .Ob 
(d) Ovulation and end estrus 1.5 f .5 1.6 f .2 1.8 f .6 2.4 f .4b 

Duration of estrus 5.2 f .5b 7.5 f .9 5.6 f .8 7.6 f 1.0 

Interestrual interval 14.5 f 2.5" 8.8 f .9 14.2 f .4 9.4 f .4b 

aEstrus and ovulation were estimated at 12 hr previous to time first detected. 
bn = 5. 
"n = 2. 

to the end of estrus (1.6 days) resembled 
that in the control estrus. The interestrual 
interval (8.8 days) was 5 days shorter (P < 
0.01) than the previous or subsequent control 
in t eres tr ual intervals. 

The second control estrous cycle resembled 
the first; estrus persisted 5.6 days and 
ovulation occurred 3.8 days from onset or 1.8 
days prior to the end of estrus. When 1 5  mg 
PGF2, was injected sc 7-9 days after ovula- 
tion during the second control estrus, the 
mares 'returned to estrus 2.3 days later, estrus 
persisted 7.6 days, and ovulation occurred 
2.4 days prior to the end of estrus. Estrus 
persisted longer (P < 0.01) and the interval 
from onset of estrus to ovulation was longer 
(P < 0.105) after sc PGF2, than during the 
previous control estrous cycle, but the inter- 
val from ovulation to the end of estrus was 
unchanged after PGF2,. 

D - 5  -3 - I  +estrus+ I 3 5 

Days from estrus 

FIG. 3.  Blood plasma progesterone during control 
estrous cycles in six mares. 

Blood plasma progesterone. Blood plasma 
progesterone averaged 17.1  and 9.5 ng/ml at  
5 and 3 days before estrus during the first 
control cycle; i t  declined to 0.6 ng/ml on the 
first day of estrus, then remained below 1 
ng/ml until ovulation (Fig. 3 ) .  After ovula- 
tion, progesterone increased nearly linearly 
for 6 or 7 days. These changes in proges- 
terone resemble those reported earlier in 
mares ( 15-1 7 ) .  

Plasma progesterone averaged 13.6 ng/ml 
at  7-9 days after ovulation when 10 mg 
PGF?, was infused into the uterus. Within 
12 hr, progesterone decreased to 5.8 ng/ml, 
and the decrease continued to 2.6 ng/ml and 
0.9 ng/ml by 24 and 48 hr (Fig. 4 ) .  Since 
the estrus after PGFea persisted for a longer 
period, progesterone remained below 1 ng/ml 
for a longer period ( P< 0.01) than during 
the control estrus. The concentration of pro- 
gesterone in blood plasma increased after 
ovulation, averaging 4.1, 11.5,  and 13.7 
ng/ml on Days 1 ,  4, and 6 after estrus. 
During middiestrus, progesterone averaged 
12.1 ng/ml; it began to decline about 4 days 
before the second control estrus. The changes 
in progesterone before, during, and after the 
second control estrus did not (differ signif- 
icantly from those during the first control es- 
trus. 

The decline in progesterone after subcu- 
taneous PGF2, (15 mg) did not differ signifi- 
cantly from that after intrauterine PGF2,, 
and estrus began when progesterone fell be- 
low 1 ng/ml. On the average, the decline in 
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FIG. 4. Blood plasma progesterone after intrauter- 
ine PGF,, (10 mg) in six mares. 

progesterone for 3 days after PGFB, treat- 
ment was more rapid than that during the 3 
days before estrus during the control cycles 
(Figs. 3 and 4) ,  but this difference only ap- 
proached significance (P N 0.06). 

Blood plasma L H .  Daily averages for LH 
during middiestrus ranged from 53 t 14 to 
70 t 11 ng/ml (baseline) in the first control 
cycle (Fig. 5) ; LH increased to 236 t 75 
ng/ml the day prior to estrus, and to a broad 
peak of about 800-1000 ng/ml which per- 
sisted for 2 days after ovulation. LH gradual- 
ly returned toward baseline, averaging 123 t 
35 ng/ml when PGF2, (10 mg) was de- 
posited in the uterus a t  7-9 days after ovula- 
tion. On the first day of the estrus after 
PGF2,, LH averaged 317 t 64 ng/ml; it 
increased to a broad peak of about 900-1100 
ng/ml during the 2 days after ovulation 
(Fig. 6 ) .  Then LH declined continuously for 
8 days and averaged 69 t 8 ng/ml for 5 
days during middiestrus. The pattern of 
changes in LH around the second control 
estrus did not differ from that during the first 
control estrus; LH increased from a baseline 
of 150 t 57 ng/ml on the day prior to 
estrus to 1237 t 345 ng/ml by 60 hr after 
ovulation and then declined until PGFp, was 
given subcutaneously. Analysis of variance of 
LH data from five mares on 5 days (the day 
before estrus, the first day of estrus, the day 
of ovulation, the first day after estrus, and 
Day 8 after ovulation) indicated there was 
no difference (P > 0.50) in LH values be- 
tween the two control cycles and the cycle 
which began after intrauterine PGF2,. 

Discussion. The major conclusion from this 
research is that PGF2, caused dramatic lute- 

olysis in mares, whether injected subcutane- 
ously or into the uterus. All mares were in 
estrus within 4 days after treatment, in 
agreement with observations in ponies ( 18). 

The estrous cycle which began after PGFZ 
was similar in every measured criterion to 
control cycles, except that the duration of 
estrus and the interval from onset of estrus to 
ovulation were longer after PGFZa treatment 
than during control estrus. Our data provide 
no explanation for the prolonged estrus after 
PGF?,. That the second control estrous cy- 
cle resembled the first in every measured 
criterion indicates no residual effect of in- 
trauterine PGFZa on the subsequent control 
cycle. In  other words, timing of corpus 
luteum growth and regression, followed by 
follicular growth and ovulation during the 
second control estrous cycle were reset with 
the ovulation longer after PGF2a treatment as 
would have occurred during a normal estrus. 

The broad elevation of LH we observed 
resembled those reported by Whitmore et al. 
(19) and Pattison et al. (20). In  all three 
studies, blood LH increased beginning near 
the onset of estrus and continuing until after 
ovulation; the subsequent decrease appeared 
nearly symmetrical to the increase. However, 
we report higher plasma LH than others 
reported (19, 20). A major portion of this 
difference may be due to different reagents; 
Whitmore et al. (19) used an anti-PMS first 
antibody and an equine LH standard of ap- 
proximately 10-fold higher potency than that 
used in our study. Pattison et al. (20) used 
the same antiovine LH4 used in the present 
study, but they used ovine LH (LER- 

- 4 - 2  0 - 2  0 2 4 6 8 
Days from estrus Days from ovulation 

FIG. 5 .  B'lood plasma LH during control estrous 
cycles in six mares. 
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FIG. 6. Blood plasma LH after intrauterine PGF2, (10 mg) in six mares. 

1056-C2) for a standard. Sustained eleva- 
tions of plasma L H  throughout estrus with 
maximum concentrations after ovulation in 
Mitres is in contrast to the brief surge (6-8 
hr) of LH prior to ovulation in most other 
species. The LH surge wcurs coincident with 
onset of estrus in thk cow (10, 2 1),  during 
early estrus in the ewe and sow ( 2  1),  and on 
the second day of estrus in the bitch (22). 
The significance of the prolonged elevation of 
L H  during estrus in mares is not apparent 
to us. That i t  may be an artifact of cross 
reaction with other pituitary hormones 
seemed unlikely. The data in Fig. 2 dis- 
counted any significant interference of TSH 
in the equine LH RIA, because while plasma 
thyroxine doubled within 1 hr after T R H  
injection, LH did not change. Furthermore, 
in addition to a TSH release, T R H  injections 
also released prolactin and growth hormone 
in several other species (23). 

Comparison of the progesterone data in 
Figs. 3 and 4 with the LH data in Figs. 5 and 
6 indilcated that progesterone fell to near 
basal values before the LH surge began near 
the onset of estrus. Furthermore, the LH 
surge persisted until progesterone began to 
increase at  1 or 2 days after ovulation. These 
observations suggest negative control of pro- 
gesterone on LH release in mares. 

From a practical point of view, PGF2, has 
potential for ovulation control in brood 
mares. Although the synchrony of ovulation 
after PGF2 is not as precise as in cows (3, 
4), the data in Table I indicate sufficient 
ovulation synchrony to warrant breeding 

mares without detection of estrus after 

Summary. After a control estrous cycle, 10 
mg PGFa, was deposited in the uterus in six 
mares (300-500 kg; 3-20 yr) a t  7-9 days 
after ovulation. B l d  plasma progesterone 
fell from 13.6 to 5.8 ng/ml within 12 hr and 
to 0.9 ng/ml at  48 hr after PGFZ,, estrus 
bmegan in 2.2 days and ovulation occurred at  
Day 5.8 of estrus. The estrus after PGF2 
persisted longer than estrus in control cycles 
(7.5 vs 5.2 days; P < O.OS), but the interval 
from ovulation to the end of estrus was 
unchanged (1.6 vs 1.5 days). An increase in 
blood plasma LH began the day before estrus 
and continued past ovulation; LH declined 
beginning 2 days after ovulation and continu- 
ously for 8 days. A control estrous cycle aftelr 
the PGF2, cycle resembled in every mea- 
surement the control cycle before FGFz,, in- 
dicating no carry-over effect of PGFz,. Sub- 
cutaneous injection of 15 mg PGF2 7-9 days 
after ovulation also caused luteolysis, estrus, 
and ovulation - resembling in every detail 
the comparable events afber intrauterine 
PGF2,. We conclude that PGF2, given sub- 
cutaneously or into the uterus is a powerful 
luteolysin with no carry-over effect on subse- 
quent control estrous cycles in mares. 

PGF2,. 
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