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Abstract 
 
 Pregnancy and early embryonic death rates in 
cycling and noncycling progesterone-treated recipient 
mares were examined in a retrospective study. During 
three breeding seasons, 264 embryos were transferred 
into either cycling (control, n=152) or noncycling 
(n=112) mares in a commercial embryo transfer 
program in Brazil. The anovulatory mares were 
treated with either 200 mg/day (Treatment 1, n=54) 
or 400 mg/every other day (Treatment 2, n=13) short 
acting progesterone, or 1500 mg long acting 
progesterone every 7 (Treatment 3, n=30) or 6 
(Treatment 4, n=15) days. Embryos were transferred 
non-surgically into cycling recipients 4 to 8 days after 
ovulation and 5 to 8 days after the beggining of 
progesterone supplementation into anovulatory 
mares. Pregnancies were checked on days 12, 25 and 
50 by transrectal ultrasonography. Data were 
analyzed by Chi-square. Pregnancy rates on days 12 
(75.0, 75.9, 76.9, 76.6 and 73.3%) and 50 (61.8, 61.1, 
61.5, 53.3 and 60.0%) as well as embryonic death 
rates (17.5, 19.5, 20.0, 30.4 and 18.2%) were similar 
(P>0.05) for control mares and treatments 1, 2, 3 and 
4, respectively, and between control and all 
anovulatory mares combined. Concerning pregnancy 
and embryonic death rates in anovulatory recipients, 
similar (P>0.05) results were obtained after embryo 
transfers into recipients receiving short or long acting 
progesterone for 5 to 8 days before transfer, as well 
as after transfers performed during spring or fall and 
during winter. Additionally, daily administration of 
short acting injectable progesterone provided similar 
(P>0.05) results as administration of a high dose (400 
mg) on alternate days. In conclusion, anovulatory 
mares treated with short or long acting progesterone 

for 5 to 8 days before transfer can be successfully used 
as embryo recipients during the period of the year in 
which few cycling recipients are available. 
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Introduction 
 
 Utilization of anovulatory mares treated with 
progestagens as embryo recipients is extremely desir-
able in commercial embryo transfer programs, espe-
cially at the beginning of the breeding season when a 
limited number of cycling mares is available. Addition-
ally, hormone-treated recipients do not need to be syn-
chronized with donors or teased, requiring less palpa-
tion, and are reliably in the optimal stage to receive an 
embryo (Hinrichs and Kenney, 1987). The use of pro-
gestins to prepare ovariectomized mares for receiving 
embryos have been described. Hinrichs et al. (1985) 
administered 300 mg progesterone (P4) daily for 5 
days before transfer and 3 of 7 mares became pregnant. 
In another study, ovariectomized mares were assigned 
to one of the following treatments before receiving an 
embryo: 1) 22 mg altrenogest for 5 days, po; 2) 66 mg 
altrenogest for 6 days, po; or 3) 300 mg injectable P4 
for 5 days. Intact embryo recipients were synchronized 
and served as control. Pregnancy rates were 1/6, 2/6, 
2/5 and 13/19, respectively (Hinrichs et al., 1986). 
 On the other hand, McKinnon et al. (1988) 
obtained similar pregnancy rates after transferring em-
bryos into intact mares or into ovariectomized mares 
administered 300 mg P4. Additionally, transfers into 
ovariectomized mares receiving 22 mg altrenogest 
orally resulted in exactly the same pregnancy rate as
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transfers into mares receiving 300 mg injectable P4 
(70%, 14/20). 
 Recently, Carnevale et al. (2000) compared 
cycling recipients (n=590) and transitional recipients 
given altrenogest for 5 to 7 days before transfer 
(0.044 mg/kg, po; n=18) and no significant differ-
ences (P>0.05) were found in pregnancy and embry-
onic death rates (67.8 vs. 55.6% and 14.5 vs. 30.0%, 
respectively). Progestin-treated mares have also been 
successfully used as oocyte recipients in oocyte trans-
fer and GIFT programs (Carnevale et al.,1999; 
Hinrichs et al., 1999, 2000). 
 Different progestin preparations are com-
mercially available for administration to mares. 
McKinnon et al. (2000) have compared the ability of 
different progestagens to maintain pregnancy in 
mares after induced luteolysis of the primary corpus 
luteum on day 18 of pregnancy. Medroxyprogester-
one, hydroxyprogesterone hexanoate, altrenogest, 
norgestomet and megestrol acetate were used. Mares 
given altrenogest remained pregnant whereas all 
mares given any of the other preparations lost their 
pregnancies 2 to 8 days after prostaglandin admini-
stration. Recently, a long acting progesterone 
preparation (P4 LA) was given to cycling mares after 
prostaglandin administration. Injection of 1500 mg 
every 7 days effectively maintained normal luteal 
phase levels of P4 in mares with no endogenous 
source (Bringel et al., 2003). 
 In the present study, data of 264 embryo trans-
fers performed from late fall to early spring in a com-
mercial program in Brazil, during 2001, 2002 and 
2003, were examined. The aim of this study was to 
compare pregnancy and embryonic death rates among 
cycling recipients and anovulatory recipients supple-
mented with short or long acting P4. 

 
Materials and Methods 

 
Animals and experimental groups 
 
 From late fall to early spring (April to Octo-
ber) in South America, Quarter Horse and Paint Horse 
donor mares were monitored by transrectal palpa-
tion/ultrasonography every other day. After detection 
of a 35-mm-folicle, mares were inseminated every 48h 
until ovulation. Fresh or cooled transported semen from 
different stallions were used for artificial insemination. 
 Light-horse mares (n=264) between 5 and 15 
year of age and weighing 350 to 600 Kg were used as 
embryo recipients. The mares were kept in outdoor 
paddocks and were maintained on grass hay with free 
access to water and trace-mineralized salt. Mares had 
no reproductive abnormalities, as indicated by transrec-
tal palpation and ultrasonography. The cycling recipi-
ents (n=152) had their ovarian activity monitored the 
same way as donors and served as control. The 
anovulatory mares (n=112) were examined at regular 
intervals and characterized by absence of a corpus lu-

teum and presence of follicles <20 mm in diameter in 
subsequent examinations. 
 By the time a donor mare was in estrus, unless 
there was a synchronized cycling recipient available, an 
anovulatory recipient was hormonally treated to receive 
an embryo. After two days of estradiol cypionate ad-
ministration (10 mg/day, i.m.; ECP; Pharmacia and 
Upjohn Co., Kalamazoo, Michigan, USA), anovulatory 
recipients were supplemented with either short or long 
acting P4 for 5 to 8 days before embryo transfer. Mares 
receiving short acting P4 (P4; Northside Pharmacy, Lex-
ington, USA) were intramuscularly treated with either 200 
mg/day (n=54) or 400 mg every other day (n=13). Recipi-
ents given long acting P4 (P4 LA 150; B.E.T. Laboratories, 
Lexington, USA) received 1500 mg i.m. every 7 (n=30) or 6 
(n=15) days. Recipients that became pregnant after transfer 
were supplemented until day 100 of pregnancy. 
 
Embryo recovery and handling 

 
 Embryos were recovered 7 to 9 days after ovu-
lation of the donor mare by nonsurgical uterine lavage us-
ing 3 L of warmed lactated Ringer´s solution, as described 
(Alvarenga et al., 1993). Upon identification, the embryo 
was washed at least 10 times and held in filtered DPBS 
plus 0.4% BSA for less than 1 hour. 
 
Embryo transfer 
 
 Embryos (n=264) were transferred nonsurgi-
cally by a single technician into cycling and noncycling 
recipients. Briefly, the embryo was placed into a sterile 
insemination pipette attached to a 3-mL-syringe, be-
tween columns of air and medium to minimize move-
ment within the pipette and to assure expulsion of the 
embryo. Then, the pipette was covered with a sterile 
plastic sheath. 
 Before transfer, recipients had their tails 
wrapped, fecal contents removed and the external geni-
talia cleaned. The pipette was handled by the techni-
cian, using a plastic glove, and gently guided through 
the cervix of the recipient. The embryo was deposited 
within the body of the uterus. 
 
Pregnancy diagnosis 
 
 Recipients were examined by transrectal ultra-
sonography on days 12, 25 and 50 of pregnancy. Mares 
not showing an embryonic vesicle on day 12 were re-
examined on day 15. If a vesicle was found, the recipi-
ent was regarded as pregnant on day 12. 
 
Statistical analysis 
 
 Pregnancy and embryonic death rates were 
compared using Chi-square analysis. Significance was 
indicated by a probability of P<0.05. 
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Results 
 
 Pregnancy rates on days 12 and 50 and em-
bryonic death rates were similar (P>0.05) for cyclinand 
P4-treated recipients, irrespective of the type of 
progesterone supplementation given (Tab.1). There 
ere no significant differences (P>0.05) in these end 
points when data of all P4-treated groups were com-
bined and compared to cycling recipients (Tab.2). 
Embryonic death rates in the intervals studied (days 

12 to 25 and 25 to 50 of pregnancy) for cycling and 
anovulatory recipients were similar (P>0.05) within 
each group and between groups (Tab.3). Embryo trans-
fers into anovulatory recipients from 5 to 8 days after 
the start of P4 supplementation resulted in similar 
(P>0.05) pregnancy and embryonic death rates (Tab.4). 
Embryo transfers into anovulatory recipients during 
spring or fall yielded similar (P>0.05) pregnancy and 
embryonic death rates compared to those performed in 
the winter (Tab.5). 

 

Table 1. Pregnancy rates on days 12 and 50 and embryonic death (ED) rates after transfer of equine embryos into 
cycling and noncycling recipients receiving different progesterone treatments. 

Group Transfers Pregnant 12d 
(%) 

Pregnant 50d 
(%) 

ED 
(%) 

Cycling 152 114/152 
(75.0) 

94/152 
(61.8) 

20/114 
(17.5) 

P4 200 mg/day 54 41/54 
(75.9) 

33/54 
(61.1) 

8/41 
(19.5) 

P4 400 mg/2 days 13 10/13 
(76.9) 

08/13 
(61.5) 

2/10 
(20.0) 

P4 LA 10 ml/7 days 30 23/30 
(76.6) 

16/30 
(53.3) 

7/23 
(30.4) 

P4 LA 10 ml/6 days 15 11/15 
(73.3) 

09/15 
(60.0) 

2/11 
(18.2) 

Total 264 199/264 
(75.4) 

160/264 
(60.6) 

39/199 
(19.6) 

Results within the same column are not significantly different (P>0.05). 
 
Table 2. Pregnancy rates on days 12 and 50 and embryonic death (ED) rates in cycling and anovulatory progester-
one-treated recipient mares after embryo transfer. 

Group Transfers Pregnant 12d (%) Pregnant 50d (%) ED(%) 
Cycling 152 114/152 (75.0) 94/152 (61.8) 20/114 (17.5) 
P4-treated 112 85/112 (75.9) 66/112 (58.9) 19/85 (22.3) 
Total 264 199/264 (75.4) 160/264 (60.6) 39/199 (19.6) 

Results within the same column are not significantly different (P>0.05). 
 
Table 3.  Embryonic death (ED) rates between days 12 to 25 and 25 to 50 of pregnancy in cycling and anovulatory 
progesterone-treated recipient mares after embryo transfer. 
Group ED 12-25d (%) ED 25-50d (%) 
Cycling 11/114 (9.6) 09/114 (7.9) 
P4-treated 07/85 (8.2) 12/85 (14.1) 
Total 18/199 (9.0) 21/199 (10.6) 

Results within the same column and within the same row are not significantly different (P>0.05). 
 
Table 4. Pregnancy rates on days 12 and 50 and embryonic death (ED) rates after transfer of equine embryos into 
anovulatory recipients receiving progesterone for 5 to 8 days before transfer. 

Days of P4 
treatment Transfers Pregnant 12d 

(%) 
Pregnant 50d 

(%) 
ED 
(%) 

5 34 26/34 
(76.5) 

21/34 
(61.7) 

5/26 
(19.2) 

6 33 25/33 
(75.7) 

21/33 
(63.6) 

4/25 
(16.0) 

7 28 19/28 
(67.8) 

13/28 
(46.4) 

6/19 
(31.5) 

8 17 15/17 
(88.2) 

11/17 
(64.7) 

4/15 
(26.6) 

Total 112 85/112 
(75.9) 

66/112 
(58.9) 

19/85 
(22.3) 

Results within the same column are not significantly different (P>0.05)  
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Table 5. Pregnancy rates on days 12 and 50 and embryonic death (ED) rates in anovulatory progesterone-treated 
recipient mares after embryo transfer during spring or fall and winter months. 
Season Transfers Pregnant 12d (%) Pregnant 50d (%) ED (%) 
Spring/Fall 50 40/50 (80.0) 33/50 (66.0) 7/40 (17.5) 
Winter 62 45/62 (72.6) 33/62 (53.2) 12/45 (26.7) 
Total 112 85/112 (75.9) 66/112 (58.9) 19/85 (22.3) 

Results within the same column are not significantly different (P>0.05). 
 
 

Discussion 
 
 All progesterone treatments evaluated in this 
study showed to be effective for preparation of anovu-
latory mares as embryo recipients, as far as the figures 
yielded by the different treatments were comparable to 
the control ones. Pregnancy rates after non-surgical 
embryo transfer usually range between 50 and 75% 
(Squires et al., 1999). The comparison between data 
combined for all P4-treated mares and cycling mares 
reinforce the suitability of anovulatory hormone-treated 
mares as embryo recipients, as previously demonstrated 
(McKinnon et al., 1988; Carnevale et al., 2000). 
 The same picture was observed when embry-
onic death rates in the different groups were compared. 
However, in spite of no significant differences, the per-
centage of embryonic loss in mares receiving P4 LA 
every 7 days appeared to be higher. The disparity in the 
number of animals among groups and the reduced 
number observed in some of them possibly prevented 
the occurrence of any significant effect of group. 
Bringel et al,. (2003) reported that circulating proges-
terone concentrations were compatible to luteal phase 
levels after injection of 1500 mg P4 LA every 7 days in 
mares with no endogenous progesterone, suggesting 
that it would be a reliable regime for anovulatory em-
bryo recipients. However, further studies are necessary 
to conclude if administration in 6-day intervals is a 
more suitable protocol. When the combined data of all 
P4-treated mares were compared to controls no differ-
ences on embryo loss were found. The figures of the 
present study for cycling and noncycling embryo re-
cipients combined are in agreement with the 5 to 24% 
range in embryo loss rates in fertile mares reported by 
Ball (1988). 
 Carnevale et al. (2000) compared embryonic 
death at different intervals after embryo transfer. The 
percentage tended to be higher (P=0.06) between 
days 17 and 25 of pregnancy. We have compared em-
bryo loss at two intervals (12 to 25 and 25 to 50 days 
of pregnancy) in cycling and P4-treated recipients and 
no significant (P>0.05) differences were found within 
or between groups. 
 Previous studies on the administration of pro-
gestagens to  maintain  pregnancy  in mares  have  not  

focused on the use of long acting injectable P4 prepara-
tions. The use of P4 LA is extremely advantageous due 
to the greater labor and animal stress associated with 
the daily injections required by the short acting forms. 
We have also demonstrated that P4 in oil can be ad-
ministered every other day without altering pregnancy 
or embryonic death rates in noncycling embryo recipi-
ents. 
 According to the results of the present study, 
anovulatory mares administered exogenous progester-
one might be used as embryo recipients during their 
transitional and deep anestrus periods, as far as no sig-
nificant (P>0.05) differences in pregnancy and embry-
onic death rates were observed after transfers per-
formed in the spring or fall and winter months. 
 Equine embryos have been transferred into 
cycling mares within a large range of days after ovula-
tion, depending on the availability of recipients and on 
the personal preferences of technicians. Data of several 
breeding seasons in commercial embryo transfer pro-
grams in Brazil have been examined and no significant 
(P>0.05) differences were found in pregnancy rates for 
recipients that had received embryos from 3 to 8 days 
after ovulation (Fleury et al., 1989; Jacob et al., 2002). 
The results of the present study show that hormone-
treated recipients allow almost the same flexibility, as 
far as pregnancy and embryonic death rates were simi-
lar (P>0.05) for recipients given P4 for 5 to 8 days be-
fore transfer, what is quite interesting due to its practi-
cal implications in commercial programs. 
 In conclusion, anovulatory mares in deep 
anestrus or transitional phase given short or long acting 
progesterone for 5 to 8 days before transfer can be suc-
cessfully used as embryo recipients during the period 
of the year in which few cycling recipients are avail-
able. 
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