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Fig. 0-1.  Heavy draft horses running in Ban’ei horse rase. 
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Fig. 0-2.  Japanese heavy draft mares. 
  The Japanese heavy draft mares is acknowledged as the largest horse  

in the world, weighing an average of approximately a ton. 
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Fig. 0-3.  Import number of beef horses from Canada. 

       (Cited from Japan Equine Affairs Association.) 
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Fig. 0-4.  The number of slaughter horses in 2014. 

(Cited from Ministry of Agriculture, Forestry and Fisheries.) 
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Fig. 0-5.  Change in the number of breeding head of heavy draft mares 
and the number of birth rate of foals. 

(Cited from Japan Equine Affaires Association.) 
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Fig.1-1. Outline of experiment.  
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     Fig.1-2. Measure of dominant follicle diameter.
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Fig.1-3.  Comparison of the ovulation rate of the control mares and 

those administered 40 and 20 μg buserelin. 
A dose of 40 or 20 μg buserelin was intramuscularly administered when mares 

presented signs of estrus to a teaser stallion and dominant follicles reached more than 

45 mm in diameter. The ovulation rate within 48 hr in the control group was evaluated 

under the same conditions. The ovulation rate within 48hr after administration of 40μg 

buserelin was significantly higher than that of the control group, comparison between 
the 40μg buserelin group and control group. *P < 0.01 for 
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Fig.1-4.  Changes in mean follicle diameter from 5 days before to 1 day 

before ovulation. 
  The mean follicle diameters (major axis + minor axis/2) from 5 days before (−5) to 1 

day before (−1) ovulation are shown. Day 0 is the day of ovulation. 
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Fig.1-5.  Temporal change in dominant follicle and uterine image  

until ovulation.  ↑ echogenic follicular wall. 
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Fig.1-6.  Interval between treatment and ovulation (hr). 
The time of buserelin administration was designated 0 hr for the treated group, and 

the time at which the follicle diameter was more than 45 mm and uterine edema was 

decreased was designated as 0 hr for the control group. 
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Fig.1-7.  Plasma concentrations of LH, FSH, progesterone, and 
estradiol-17β. 

Day 0 for the treated group was the day of buserelin administration, and for the control 

group, it was when follicles of more than 45 mm in diameter and a decrease in uterine edema 

were confirmed. For the treated group, values measured at the same time as the first day or 

averages of values taken around the same time were used as the date each day for analysis. 
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Fig. 2-1.  Measure of embryonic vesicle diameter. 
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Fig.2-2.  Growth of embryonic vesicle days 9 to 16.
It was first confirmed as a 5–6-mm spherical echo-free region on days 9 

and 10 and remained spherical on days 12–16; specular reflectionss 
(arrows) were confirmed. 
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Fig.2-3.  Expansion profile from cross sections of embryonic vesicle. 
The rate of expansion appeared to increase gradually over day 9 to 10, 

and then expansion increased linearly to day 18, day 18 to 28 were 
S-shaped, with distinct plateau during approximately days 18 to 28. 

Values are presented as mean SEM. 
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Fig.2-4.  Growth of embryonic vesicle days 9 to 16.
After days 19 embryonic vesicles grew in spherical to irregular shapes, 

around days 22 to 25 embryo proper was confirmed, then the diameter of 
embryonic vesicles remains unchanged around 35 mm over days 18–28. 
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Fig.2-5. Days 18 to 28 with distinct plateau, embryonic vesicle diameter 
were 30 to 40 mm in heavy draft horses, that were bigger than other 
horses (Ginther,1996). Schematic illustrations of the embryonic vesicle  
on 19, 25 and 30 days after maiting are depicted on the top.  

Values are presented as mean SEM. 
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Fig.2-6. Standard image of growth of embryonic vesicles in the same 
heavy draft mare. 

Morphological changes of embryonic vesicles from day 10, at which 
embryonic vesicles could be confirmed, to day 30 after confirmation of 
ovulation in the same heavy draft mare. 
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Abstract 
Studies on Establishment of Objective Diagnostic Criteria for Ovaries and Uterus 

Using Ultrasonographic Examinations of Heavy Draft Mares 

 

Horses are a seasonally polyestrous species with a limited breeding season, the 

estrus duration is 6.8 ± 2.3 days, which is longer than that of other livestock animals, 

and accurate prediction of the mating season and early and reliable pregnancy 

detection are required. Heavy draft horses, which are also meat breeds, are used for 

purposes different from those of light breed horses, and economical and efficient 

reproductive management technologies are required for these horses. However, their 

production efficiency has been lower than that of light breed horses. Although 

reproductive physiology in light breed horses has been extensively studied, no reports 

can be found on the reproductive physiology of heavy draft horses, which are actively 

bred in Tokachi and the eastern regions of Hokkaido. This study aimed to clarify the 

diagnostic criteria for optimal time of the mating, clinical indices for ovulation 

synchronization, and early and accurate pregnancy detection. Present dissertation 

shows clinical veterinary findings concerning the reproductive characteristics of heavy 

draft horses. 

In Chapter 1, to determine the index of the optimal mating period in heavy draft 

horses, morphological changes of the dominant follicle and uterus in the estrus period 
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were observed using ultrasonography. The diagnostic criteria for ovulation were 

determined, and economic ovulation synchronization and endocrinological dynamics 

were investigated. In thoroughbred species, even dominant follicles with a diameter of 

40 mm below ovulate at a high rate of 81.3%. In contrast, the diameter of follicles 

observed within 24 h before ovulation from total 150 horses was 53.8 ± 5.4 mm 

without significant differences in size depending on the month of ovulation, and the 

diameter of pre-ovulation follicles in heavy draft horses was estimated to be 

approximately more than 50 mm. Follicles underwent a morphological change from 

spherical to conical or pear-shaped in 24–6 h before ovulation, and the double-layered 

structure of the follicular wall was observed within 6 h before ovulation. The edema 

image of the uterus peaked 4–3 days before ovulation, and then decreased or 

disappeared, and ovulation was confirmed. The optimal mating period of heavy draft 

horses was estimated to be a period in which the follicle diameter is approximately 

more than 45 mm and the uterus edema image is unclear, rather than a period with a 

clear uterus edema image. Generally, human chorionic gonadotropin (hCG) is used to 

induce ovulation in horses. Although hCG is economical and has potent ovulation 

effect, it has a long half-life in blood and has been reported to have a risk for bigeminal 

pregnancy owing to multiple ovulation and decreased reactivity caused by antibody 
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production. Therefore, the ovulation effect and endocrinological dynamics were 

examined in horses that received a single dose of the GnRH analogue buserelin, 

instead of hCG, in the optimal mating period in heavy draft horses. When buserelin 

was administered at the optimal dose of 40 μg in the identified optimal mating period, 

transient increases of LH and FSH were induced and ovulation was confirmed within 

48 h after the treatment. Single administration of 40 μg buserelin was considered to be 

useful for ovulation synchronization, it makes it possible to reduce the risk for 

copulating-induced endometritis, and can be an efficient and sanitary breeding 

management technique for heavy draft horses. 

In Chapter 2, to clarify morphological characteristics of embryonic vesicle growth in 

heavy draft horses in the gestational stage and to establish an index for accurate and 

early pregnancy detection, the change in the shape embryonic vesicles was investigated. 

Embryonic vesicles were monitored by ultrasonography from day 9 to day 40 (day 0 

being the day of confirmation of ovulation). Changes in the shape and diameter 

(measured as the mean of two different diameters) of embryonic vesicles over the 

developmental process were measured. Embryonic vesicles were confirmed as a 5–

5.5-mm spherical echo-free region at the center of a cross-sectional surface of the 

uterine horn observed 9–10 days after ovulation. The majority of embryonic vesicles 
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were observed as capsules in the spherical echo-free region from day 12 (12.4 ± 0.7 

mm) to day 16 (26.1 ± 3.4 mm). During this period, specular reflectionss were 

observed as a hyperechoic region on the dorsal boundary. Embryonic vesicles migrated 

within the uterus during this period; their motility was particularly remarkable on days 

12–14. The shape was slightly oval on days 17–18, then gradually changed from 

triangle to an irregular shape, and finally an embryo (5–10 mm) could be confirmed in 

the bottom third of the embryonic vesicle on days 22–25. Embryonic vesicles on 

post-ovulation days 18–28 remained in an irregular shape of approximately 35 mm size, 

and no changes in the embryonic vesicle diameter were observed during this period. 

The growth of heavy draft horse embryonic vesicles was represented by an S-shaped 

curve with a plateauing diameter of 30–40 mm, which is larger than that observed in 

any other breed of horses. This difference was attributable to the uterine shape 

differences depending on the breed of horses. To conduct regular pregnancy evaluation 

of heavy draft horses, it is important to understand the characteristics of embryonic 

vesicles over the developmental process. Pregnancy evaluation of a heavy draft horse 

should ideally be performed twice, first evaluation around day 15, at which selective 

reduction of bigeminal pregnancy is possible, and the second around day 30, at which 

the embryonal mortality is decreased and embryonic heart beats can be detected. 
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These results suggest that the optimal mating season of heavy draft horses is when 

there is a dominant follicle of approximately more than 45 mm in size and the uterus 

edema image is unclear, and a single administration of buserelin 40 μg in this period is 

useful for induction of ovulation without individual difference. In addition, 

discrimination between normal embryonic vesicle growth and an endometrial cyst and 

accurate diagnosis of bigeminal pregnancy and early embryonic death through accurate 

pregnancy evaluation on the basis of morphological characteristics of embryonic 

vesicles over the developmental course facilitate efficient conception in a limited 

mating period and result in improved productivity of heavy draft horses, which are also 

used as meat horses. 

 


