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condition of hair coats in Thoroughbred colts and fillies
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The effects of an extended photoperiod (EP) in Thoroughbreds colts and fillies from winter at one

year old to spring at two years old on the gonadal functions, coat condition, and endocrine changes

were investigated. Sixty-two Thoroughbreds (31 colts and 31 fillies) reared in the Hidaka Training and

Research Center (Hidaka), Japan Racing Association were used. Thirty of them (15 colts and 15 fillies) J- Equine Sci.
were reared under EP conditions from December 20 to April 10, and the remaining 32 horses were Vol. 26, No. 2
reared under natural light alone as a control group. For EP, a 100-watt white bulb was set near the PP 57-66, 2015
ceilings of stalls, and lighting conditions of 14.5-hr light and 9.5-hr dark periods were established.

Blood was collected from the jugular vein once a month from October at one year old to February

at two years old in both colts and fillies, and then twice a month in colts and weekly in fillies after

March, and the coat condition was evaluated in January and April in 56 horses. To investigate endocrine

changes, the plasma concentrations of prolactin, luteinizing hormone (LH), follicle-stimulating hormone

(FSH), immunoreactive (ir-) inhibin, testosterone, estradiol-17f and progesterone were measured. No

significant difference was noted in the coat condition between the two groups in January, but they

changed from winter to summer coats (molting of winter coats) in April in the EP group compared with

the control group. Regarding endocrine changes, the plasma concentrations of prolactin, FSH, ir-inhibin

and testosterone were significantly higher in the EP colts than in the control group from January to April.

The plasma concentrations of LH tended to rise in the EP colts from January to April compared with

the control group. In the EP fillies, the plasma concentrations of prolactin, LH, ir-inhibin, estradiol-17f

and progesterone were significantly higher during January and April, but a significantly high level of

FSH was noted in the control than EP group in January. The ovulation day was advanced in the EP

fillies compared with the control group. The present study clearly demonstrated that EP treatment during

rearing advanced the molting of winter coats in both colts and fillies. These results suggested to be

due to the action of prolactin being increased by EP treatment. In addition, EP treatment stimulated

the hypothalamus-pituitary-gonadal axis even in yearlings, and advanced ovulation in fillies. Since EP

Received: April 6, 2015

Accepted: May 18, 2015

*Corresponding author. e-mail: taya@cc.tuat.ac.jp

©2015 Japanese Society of Equine Science

This is an open-access article distributed under the terms of the
Creative Commons Attribution Non-Commercial No Derivatives (by-
nc-nd) License <http://creativecommons.org/licenses/by-nc-nd/3.0/>.


http://creativecommons.org/licenses/by-nc-nd/3.0/

58 H. KUNII, Y. NAMBO, A. OKANO ET AL.

treatment-induced changes in the yearlings were within the physiological range, and the method is safe

and simple, EP treatment may be an effective technique in horse husbandry.
Key words: extended photoperiod, Thoroughbred colt and filly, endocrine changes, molting of winter

coats, gonadal function

Horses are typical long-day seasonal breeders. In the
long-day period, circulating gonadotropins and gonadal
hormones increase and testicular function is activated in
stallions [12, 13, 37, 38, 43] and the ovarian function is
activated and cyclic ovulation repeats in mares [13, 33,
36, 39, 43] making them fertile. A long-day period can be
induced by lighting stalls, extending the lighting time during
the short-day period. Extended photoperiod (EP) treatment
activates the ovarian function earlier in broodmares, and it
is widely used to advance the ovulation time in broodmares
in husbandry [43]. However, the effect of EP treatment on
yearlings is unclear. In the present study, Thoroughbreds
colts and fillies were subjected to EP treatment from winter
at one year old to spring at two years old, and changes in
circulating prolactin, luteinizing hormone (LH), follicle-
stimulating hormone (FSH), immunoreactive (ir-) inhibin,
progesterone, testosterone and estradiol-17/, the gonadal
function and coat condition were investigated.

Materials and Methods

Animals

Sixty-two Thoroughbreds (31 colts and 31 fillies) born
and reared in the Hidaka Training and Research Center
(Hidaka), Japan Racing Association (JRA), were used.
Thirty of them (15 colts and 15 fillies) were subjected to EP
treatment from December 20 to April 10 and the remaining
32 horses were reared under natural light alone as a control
group. The test horses were 19-22 months old at the time
of experiment initiation. All procedures were carried out
in accordance with the guidelines established by Hidaka
Training and Research Center, for use of horses.

EP treatment

A 100-watt white bulb was set near the ceilings of stalls
(3.6 x 3.6 m), and lighting conditions were 14.5-hr light
and 9.5-hr dark periods. The intensity of illumination under
the bulb, at the height of the horse’s head, was approximate
100 lux.

Collection of blood

Blood was collected from the jugular vein into heparin-
ized vacutainer (10 m/) during 09:00h and 12:00h once a
month from October at one year old to February at two years
old in both colts and fillies, and then twice a month in colts

and weekly in fillies after March. Plasma were harvested
and stored at —20°C until assayed.

Determination of the first ovulation

Seven days prior to the day when the plasma concentra-
tions of progesterone initially reached 1 ng/m/ or higher
were arbitrarily designated as the initial ovulation day.

Estimation of condition of hair coats

The condition of hair coat was evaluated in January and
April in 56 horses (27 colts and 29 fillies). Three examiners
randomly evaluated hair in January and April at 2 years old,
respectively, using the 3-point scoring method: “excellent”,
“normal”, and “poor” were scored 3, 2, and 1, respectively,
and the mean scores were compared.

Hormone assays

Plasma concentration of prolactin, FSH and LH were
determined by homologous double-antibody equine radio-
immunoassay (RIA) methods as described previously [13].
Plasma concentrations of prolactin were measured using
an anti-equine prolactin serum (AFP-261987) and purified
equine prolactin (AFP-8794B) for radioiodination and refer-
ence standard. Plasma concentrations of LH were measured
using an anti-equine LH serum (AFP-2405080) and puri-
fied equine LH (AFP-2405080) for radioiodination and
reference standard (AFP-50130A). Plasma concentrations
of FSH were measured using an anti-equine FSH serum
(AFP-2062096) and purified equine FSH (AFP-5022B) for
radioiodination and reference standard. Intra- and inter-
assay coefficients of variation were 7.1% and 9.8% for
prolactin, 12.6% and 15.1% for LH and 4.9% and 12.2%
for FSH, respectively.

Plasma concentrations of ir-inhibin were measured using
a rabbit antiserum against purified bovine inhibin (TNDH
1) and '?I-labeled 32-kDa bovine inhibin, as previously
described [21]. The results were expressed in terms of
32-kDa bovine inhibin. The intra- and inter-assay coef-
ficients of variation were 8.0% and 16.2%, respectively.

Plasma concentrations of progesterone, testosterone
and estradiol-17/ were determined by time-resolved fluo-
roimmunoassay using dissociation-enhanced fluorescence
immunoassay (DELFIA) systems (PerkinElmer, Waltham,
MA, USA) as described previously [32, 41]. The intra- and
inter-assay coefficients of variation were 5.5% and 8.6% for
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progesterone, 6.3% and 7.2% for testosterone and 4.6% and
9.4% for estradiol-17p, respectively.

Statistical analysis

All results were expressed as mean = standard errors of
the mean (SEM). Statistical comparisons between the two
groups were performed by Student’s z-test when uniformity
of variance was confirmed by the F-test. When the variance
was not uniform, unpaired z-test with Welch’s correction
was used. Differences among times of sampling were evalu-
ated by two-way factorial analyses of variance (ANOVA)
with post-hoc testing by Bonferroni post test. When the
interaction is consider extremely significant, one-way facto-
rial ANOVA or Kruskal Wallis test with post-hoc testing by
Dunn’s post test was used. Mann-Whitney U-test was used
in comparison of score of hair coat condition between the
EP group and the control group. P<0.05 was considered to
be statistically significant.

Results

Endocrine changes in colts

Changes in the plasma concentrations of prolactin,
LH, FSH, ir-inhibin, testosterone and estradiol-174 from
October to April in the EP and control groups are shown
in Fig. 1. The plasma concentration of prolactin was low
until February and began to increase in March, followed
by a sharp increase in April in the control group. On the
other hand, in the EP group, it rose from January, one month
after EP initiation, to April. During January and April, the
plasma concentration of prolactin was significantly higher
in the EP group than in the control group (Fig. 1a). The
plasma concentration of LH was low until the middle of
March and slowly rose from the end of March in the control
group, whereas it rose from January in the EP group, but
no significant difference was noted between the two groups
(Fig. 1b). The plasma concentration of FSH slowly rose
from March in the control group. In the EP group, it rose
from January and became significantly higher than that in
the control group in January, February, and March (Fig.
Ic). The plasma concentration of ir-inhibin slowly rose
from December in both groups, and it was significantly
higher in the EP than in the control group in December,
January, and February (Fig. 1d). The plasma concentration
of testosterone slowly rose from November and peaked in
March in both groups, and it was higher in the EP than in the
control group. There was a significant difference in January
between the two groups (Fig. 1e). Plasma concentrations of
estradiol-17f were not significantly different between the
two groups (Fig. 1f).

Endocrine changes in fillies

Changes in the circulating prolactin, LH, FSH, ir-inhibin,
estradiol-17f, and progesterone from October to April in
the EP and control groups are shown in Fig. 2. The plasma
concentration of prolactin was low until March and slightly
rose in April in the control group, but that in the EP group
began to increase in January followed by constant increase
until April (Fig. 2a). The plasma concentration of prolactin
was significantly higher in the EP than control group from
January and thereafter. When the circulating prolactin was
investigated in each animal, the circulating prolactin did
not change until April in the control group, whereas it rose
from January in the EP group, and an elevation with marked
variation was noted from February in some animals. The
plasma concentration of LH was low from November to
March and slightly rose in April in the control group. In the
EP group, it rose from February and became significantly
higher after February in the EP than control group (Fig. 2b).
When the circulating LH was investigated in each animal,
it was low until March in the control group, but periodic,
marked variation of the level was noted from February in
the EP group (Fig. 3a and 3c). The plasma concentration of
FSH slowly rose from November to April in both groups.
Excluding a significantly lower level in the EP than control
group in January, no significant difference was noted
between the two groups. When the plasma concentration
of FSH was investigated in each animal, sporadic increases
were noted from March in some fillies in the control group,
but large variations were noted from February in the EP
group. The plasma concentration of ir- inhibin rose from
January in both groups, and it was significantly higher
in the EP than control group in January (Fig. 2d). The
plasma concentration of estradiol-17f rose from January
in both groups, and it was significantly higher in the EP
than control group throughout the period (Fig. 2e). When
the plasma concentration of estradiol-17f was investigated
in each animal, the plasma concentration of estradiol-174
showed marked variation in both groups, and this pattern
started from March in the control group and February in the
EP group. The plasma concentration of progesterone was
markedly different between the two groups. It remained at
the baseline level from November to April in the control
group, but it rose to a significantly higher level than that
in the control group in February, and it remained at a high
level thereafter in the EP group (Fig. 2f). When the plasma
concentration of progesterone was investigated in each
animal, the plasma concentration of progesterone was low
and did not change until April in the control group, but
marked periodic variation was noted from February in the
EP group (Fig. 3b and 3d).
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Day of the first ovulation

Assuming that seven days prior to the day with the first
plasma concentration of progesterone reaching 1 ng/m/ or
higher was the first ovulation day, no ovulation was noted
before April in the control group (n=16), but it occurred in
14 of the 15 fillies (93.33%) before April in the EP group,
and the mean ovulation day was February 26.

Changes in molting of winter coats

Representative photographs taken in the end of March
at two years old (3 months after EP initiation) in the two
groups are shown in Fig. 4, and graphs of the scores of the
two groups are shown in Fig. 5. No significant different was
noted in the coats between the two groups in January at two
years old, but the score was significantly higher in the EP
than control group in April (Fig. 5). Representative photo-
graphs of colts and fillies (Fig. 4) showed that winter coats
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remained in the control group (Fig. 4B and 4D), whereas the
molting of winter coats was advanced in colts and fillies of
the EP group at the end of March (Fig. 4A and 4C).

Discussion

Utilizing the characteristic of horses that they are long-
day seasonal breeders, EP treatment has been performed to
advance ovulation in broodmares [10, 16, 37, 40, 43]. In
the present study, the effect of EP treatment on the gonads
and hair coat in Thoroughbred yearlings were investigated.

The present study clearly demonstrated that circulating
prolactin, LH and FSH secreted from the pituitary gland in
the early period rose in both colts and fillies in the EP group
compared with those in the control group, and secretions of
ir-inhibin and steroid hormones from the testis and ovary
were also promoted. In addition, the day of first ovulation
was advanced in EP treated fillies compared with control
fillies. The present study demonstrated for first time that EP
treatment also activates the gonadal function in yearlings as
well as broodmares.

Prolactin is a protein hormone secreted from the anterior
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pituitary gland, and its circulating level rises in the long-
day period in horses [12, 13]. Advancement of ovulation
by administration of prolactin or dopamine antagonist in
mares has been reported [50, 51]. The present study in
conjunction with previous studies suggests that the eleva-
tion of circulating prolactin observed in fillies in the present
study was involved in the advancement of ovulation. On
the other hand, prolactin is found in the follicular fluid and
concentrations of prolactin in the follicular fluid increase
with follicular size in mares [28]. King et al. (2010) [26]
also demonstrated that pre-prolactin mRNA was found in
the equine luteal tissues in concentrations similar to those in
the antral follicle. These findings suggest de novo prolactin
synthesis by both granulosa cells and luteal cells [25].
During the estrous cycle in mares, the increase in circulating
prolactin was observed around ovulation [28] and the time
of luteolysis [27]. The presence of prolactin and dopamine
receptors was demonstrated in ovarian tissues [26]. These
previous findings suggest that prolactin plays important
physiological roles in ovarian function in mares [27, 42].
Prolactin has also physiological roles in male reproduction in
mammals, such as steroidogenesis, gametogenesis or sexual
behavior in many mammals [5]. An increase in circulating

prolactin in the long-day period in stallions and geldings
has also been reported [12]. In addition, seasonal changes in
circulating prolactin in Thoroughbred foals, weanlings and
yearlings were also observed in the our previous study [13],
and these results demonstrated that circulating prolactin
were high in the long-day period, the breeding season, and
low in the short-day period, the non-breeding season, in
horses. However, these phenomena are not unique to the
horses. Other seasonal breeders, such as goats [34], rams
[47], golden hamsters [4, 5], black bears [22, 52] and polar
bears [23], showed similar seasonal changes in circulating
prolactin in accordance with the annual breeding cycles.
Changes in circulating prolactin coincided with testicular
recrudescence and the onset of the breeding season and
preceded peak testosterone concentrations, indicating that
prolactin has an important physiological role in regulation of
the hypothalamic-pituitary-gonadal axis, and both directly
or indirectly regulates seasonal transitions of testicular
function [4, 5, 47]. In the black bear, circulating prolactin
was low in the nonbreeding season, and increased in the
breeding season, coinciding with the onset of the breeding
season and testicular recrudescence [22, 52]. In polar bears,
circulating prolactin increased and testes reached maximal
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size in the breeding season [23]. In a report on bears,
prolactin increased the LH receptor expression level in
the testis [22], suggesting that prolactin is also involved in
activation of the gonadal function in horses by stimulating
LH receptor expression in the gonads and increasing LH
sensitivity. The expression of prolactin receptor has been
reported in the testes and various male accessory glands [18,
20, 241, indicating that these organs are targets of prolactin
in male reproductive organs. Previous studies have also
demonstrated the expression of testicular prolactin receptor
increased during testicular recrudescence in the breeding
season [6, 22, 29]. In the golden hamster, testicular prolactin
receptor mRNA increased in the breeding season, coincident
with an increase in circulating prolactin, suggesting that
prolactin up regulate its own receptor in gonads [22, 29,
30]. Previous studies have also demonstrated a positive
relationship between prolactin and testosterone production
[7, 23, 44, 46]. Prolactin may stimulate steroidogenesis not
only by up-regulating prolactin and LH receptor but also
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by increasing stores of esterfied cholesterol and increasing
3f-hydroxysteroid dehydrogenese and 17/- hydroxysteroid
dehydrogenese activity in the mouse [3, 19, 35]. The present
study in conjunction with previous papers suggests that
cooperative action between gonadotropins and prolactin
induced by EP treatment may be involved in the gonadal
function in colts and fillies. Further investigation is needed
to clarify the molecular mechanisms of prolactin action in
equine reproduction.

Secretion of prolactin is also stimulated by various kinds
of stress and lactation in mammals [1, 2, 45, 49]. Prolactin
is an essential hormone for milk production in females, and
it also potentiates the immune function in both males and
females, being known as an anti-stress hormone essential
for the host defense mechanism [8, 9, 11, 15, 17, 48]. It
has also been known to exhibit a molt-inducing effect. In
most mammals, the coat thickens to protect the body in cold
seasons, and then molts in warm seasons to adapt to the high
temperature conditions. The present study clarified that EP
treatment promotes the change from winter to summer coats
(molting of winter coats). EP treatment advanced elevation
of circulating prolactin in both colts and fillies. Previous
papers reported that molting of winter hair coat was stimu-
lated by long-day EP treatment [31, 40, 43], administration of
prolactin [50, 51] or sulpiride, antagonist of dopamine, [14,
50, 51] in horses. The present study clearly demonstrated
that the early elevation of circulating prolactin observed in
both colts and fillies was promoted by EP treatment. These
results in conjunction with previous papers strongly suggest
that prolactin may have been involved in the promotion of
molting observed in the yearlings in the present study.

In conclusion, the present study clarified that the gonadal
function and molting of winter coats are activated by EP
treatment in colts and fillies, similarly to that in broodmares,
suggesting that the strengthening of muscles and increasing
the bone mineral density by promoting secretions of testos-
terone and estradiol-174 [53] from the gonads reduce the
risks of training Thoroughbreds in the rearing stage, in
which the incidence of motor organ diseases is high.

Acknowledgments

We are grateful to the National Hormone and Pituitary
Program, NIDDK, NIH, (Torrance, CA, U.S.A.) and Dr,
A. F. Parlow for providing of the equine prolactin, LH and
FSH kits. This study was supported by Grant-in-aid from
the Equine Research Institute of Japan Racing Association.

References

1. Asai, S., Ohta, R., Shirota, M., Watanabe, G., and Taya, K.
2004. Differential responses of the hypothalamo-pituitary-

10.

11.

12.

13.

14.

15.

adrenocortical axis to acute restraint stress in Hatano
high- and low-avoidance rats. J. Endocrinol. 181: 515-520.
[Medline] [CrossRef]

. Asai, S., Ohta, R., Shirota, M., Tohei, A., Watanabe, G., and

Taya, K. 2004. Endocrinological responses during suckling
in Hatano high- and low-avoidance rats. J. Endocrinol.
182: 267-272. [Medline] [CrossRef]

Bartke, A.
hormone on the cholesterol stores in the mouse testis. J.
Endocrinol. 49: 317-324. [Medline] [CrossRef]

Bartke, A. 1980. Role of prolactin in reproduction in male
mammals. Fed. Proc. 39: 2577-2581. [Medline]

1971. Effects of prolactin and luteinizing

. Bartke, A. 2004. Prolactin in the male: 25 years later. J.

Androl. 25: 661-666. [Medline]

Bartke, A., Klemcke, H.G., Amador, A., and Van Sickle,
M. 1982. Photoperiod and regulation of gonadotropin
receptors. Ann. N. Y. Acad. Sci. 383: 122—-134. [Medline]
[CrossRef]

Bartke, A., Smith, M.S., Michael, S.D., Peron, F.G., and
Dalterio, S. 1977. Effects of experimentally-induced chron-
ic hyperprolactinemia on testosterone and gonadotropin
levels in male rats and mice. Endocrinology 100: 182—186.
[Medline] [CrossRef]

Ben-Jonathan, N., LaPensee, C.R., and LaPensee, E.W.
2008. What can we learn from rodents about prolactin in
humans? Endocr: Rev. 29: 1-41. [Medline] [CrossRef]
Bernichtein, S., Touraine, P., and Goffin, V. 2010. New
concepts in prolactin biology. J. Endocrinol. 206: 1-11.
[Medline] [CrossRef]

Burkhardt, J. 1947. Transition from anestrus tin the mare
and effects of artificial lighting. J. Agric. Sci. 37: 64-68.
[CrossRef]

Curlewis, J.D. 1992. Seasonal prolactin secretion and its
role in seasonal reproduction: a review. Reprod. Fertil. Dev.
4: 1-23. [Medline] [CrossRef]

Dhakal, P., Tsunoda, N., Nakai, R., Kitaura, T., Harada,
T., Ito, M., Nagaoka, K., Toishi, Y., Taniyama, H., Gen,
W., and Taya, K. 2011. Annual changes in day-length,
temperature, and circulating reproductive hormones in
Thoroughbred stallions and geldings. J. Equine Sci. 22:
29-36. [Medline] [CrossRef]

Dhakal, P., Hirama, A., Nambo, Y., Harada, T., Sato, F.,
Nagaoka, K., Watanabe, G., and Taya, K. 2012. Circulating
pituitary and gonadal hormones in spring-born Thorough-
bred fillies and colts from birth to puberty. J. Reprod. Dev.
58: 522-530. [Medline] [CrossRef]

Donadeu, F.X., and Thompson, D.L. Jr. 2002. Administra-
tion of sulpiride to anovulatory mares in winter: effects on
prolactin and gonadotropin concentrations, ovarian activity,
ovulation and hair shedding. Theriogenology 57: 963-976.
[Medline] [CrossRef]

Freeman, M.E., Kanyicska, B., Lerant, A., and Nagy, G.
2000. Prolactin: structure, function, and regulation of secre-
tion. Physiol. Rev. 80: 1523-1631. [Medline]


http://www.ncbi.nlm.nih.gov/pubmed/15171699?dopt=Abstract
http://dx.doi.org/10.1677/joe.0.1810515
http://www.ncbi.nlm.nih.gov/pubmed/15283687?dopt=Abstract
http://dx.doi.org/10.1677/joe.0.1820267
http://www.ncbi.nlm.nih.gov/pubmed/5091240?dopt=Abstract
http://dx.doi.org/10.1677/joe.0.0490317
http://www.ncbi.nlm.nih.gov/pubmed/6247217?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15292092?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6283986?dopt=Abstract
http://dx.doi.org/10.1111/j.1749-6632.1982.tb23165.x
http://www.ncbi.nlm.nih.gov/pubmed/830537?dopt=Abstract
http://dx.doi.org/10.1210/endo-100-1-182
http://www.ncbi.nlm.nih.gov/pubmed/18057139?dopt=Abstract
http://dx.doi.org/10.1210/er.2007-0017
http://www.ncbi.nlm.nih.gov/pubmed/20371569?dopt=Abstract
http://dx.doi.org/10.1677/JOE-10-0069
http://dx.doi.org/10.1017/S0021859600013083
http://www.ncbi.nlm.nih.gov/pubmed/1585003?dopt=Abstract
http://dx.doi.org/10.1071/RD9920001
http://www.ncbi.nlm.nih.gov/pubmed/24833985?dopt=Abstract
http://dx.doi.org/10.1294/jes.22.29
http://www.ncbi.nlm.nih.gov/pubmed/22673032?dopt=Abstract
http://dx.doi.org/10.1262/jrd.2011-025
http://www.ncbi.nlm.nih.gov/pubmed/11998830?dopt=Abstract
http://dx.doi.org/10.1016/S0093-691X(01)00696-3
http://www.ncbi.nlm.nih.gov/pubmed/11015620?dopt=Abstract

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

EXTENDED PHOTOPERIOD IN THOROUGHBRED YEARLINGS 65

Freedman, L.J., Garcia, M.C., and Ginther, O.J. 1979.
Influence of photoperiod and ovaries on seasonal repro-
ductive activity in mares. Biol. Reprod. 20: 567-574.
[Medline] [CrossRef]

Goffin, V., Binart, N., Touraine, P., and Kelly, P.A. 2002.
Prolactin: the new biology of an old hormone. Annu. Rev.
Physiol. 64: 47-67. [Medline] [CrossRef]

Goffin, V., Hoang, D.T., Bogorad, R.L., and Nevalainen,
M.T. 2011. Prolactin regulation of the prostate gland: a
female player in a male game. Nat. Rev. Urol. 8: 597-607.
[Medline] [CrossRef]

Gunasekar, P.G., Kumaran, B., and Govindarajulu, P. 1988.
Prolactin and Leydig cell steroidogenic enzymes in the
bonnet monkey (Macaca radiata). Int. J. Androl. 11: 53-59.
[Medline] [CrossRef]

Hair, WM., Gubbay, O., Jabbour, H.N., and Lincoln, G.A.
2002. Prolactin receptor expression in human testis and
accessory tissues: localization and function. Mol. Hum.
Reprod. 8: 606—611. [Medline] [CrossRef]

Hamada, T., Watanabe, G., Kokuho, T., Taya, K., Sasa-
moto, S., Hasegawa, Y., Miyamoto, K., and Igarashi, M.
1989. Radioimmunoassay of inhibin in various mammals.
J. Endocrinol. 122: 697-704. [Medline] [CrossRef]
Howell-Skalla, L.A., Bunick, D., Nelson, R.A., and Bahr,
JM. 2000. Testicular recrudescence in the male black
bear (Ursus americanus): changes in testicular luteinizing
hormone-, follicle-stimulating hormone-, and prolactin-
receptor ribonucleic acid abundance and dependency on
prolactin. Biol. Reprod. 63: 440—447. [Medline] [CrossRef]
Howell-Skalla, L.A., Cattet, M.R., Ramsay, M.A., and
Bahr, J.M. 2002. Seasonal changes in testicular size and
serum LH, prolactin and testosterone concentrations in
male polar bears (Ursus maritimus). Reproduction 123:
729-733. [Medline] [CrossRef]

Jabbour, H.N., Clarke, L.A., McNeilly, A.S., Edery, M.,
and Kelly, P.A. 1998. Is prolactin a gonadotrophic hormone
in red deer (Cervus elaphus)? Pattern of expression of the
prolactin receptor gene in the testis and epididymis. J. Mol.
Endocrinol. 20: 175-182. [Medline] [CrossRef]

King, S.S., Campbell, A.G., Dille, E.A., Roser, J.F.,
Murphy, L.L., and Jones, K.L. 2005. Dopamine receptors
in equine ovarian tissues. Domest. Anim. Endocrinol. 28:
405-415. [Medline] [CrossRef]

King, S.S., Dille, E.A., Marlo, T., Roser, J.F., and Jones,
K.L. 2010. Ovarian prolactin activity: evidence of local
action and production. Anim. Reprod. Sci. 121(Suppl.):
S51-S53. [CrossRef]

King, S.S., Oberhaus, E.L., Welsh, C.M., Heath, D.T.,
and Jones, K.L. 2014. Evidence for local neuroendocrine
signaling in ovarian prolactin regulation. J. Equine Vet. Sci.
34: 107-108. [CrossRef]

King, S.S., Roser, J.F., and Jones, K.L. 2008. Follicular
fluid prolactin and the periovulatory prolactin surge in the
mare. J. Equine Vet. Sci. 28: 468—472. [CrossRef]

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Klemcke, H.G., Bartke, A., and Borer, K.T. 1984. Regula-
tion of testicular prolactin and luteinizing hormone recep-
tors in golden hamsters. Endocrinology 114: 594-603.
[Medline] [CrossRef]

Klemcke, H.G., Bartke, A., Steger, R., Hodges, S., and
Hogan, M.P. 1986. Prolactin (PRL), follicle-stimulating
hormone, and luteinizing hormone are regulators of testicu-
lar PRL receptors in golden hamsters. Endocrinology 118:
773-782. [Medline] [CrossRef]

Kooistra, L.H., and Ginther, O.J. 1975. Effect of photope-
riod on reproductive activity and hair in mares. Am. J. Vet.
Res. 36: 1413—1419. [Medline]

Korosue, K., Murase, H., Sato, F., Ishimaru, M., Watanabe,
G., Harada, T., Taya, K., and Nambo, S. 2013. Changes in se-
rum concentrations of prolactin, progestogens, and estradiol-
17p and biochemical parameters during peripartum in an
agalactic mare. J. Equine Vet. Sci. 33: 279-286. [CrossRef]
Medan, M.S., Nambo, Y., Nagamine, N., Shinbo, H.,
Watanabe, G., Groome, N., and Taya, K. 2004. Plasma
concentrations of ir-inhibin, inhibin A, inhibin pro-alphaC,
FSH, and estradiol-17f during estrous cycle in mares and
their relationship with follicular growth. Endocrine 25:
7-14. [Medline] [CrossRef]

Mori, Y., Maeda, K., Sawasaki, T., and Kano, Y. 1985. Pho-
toperiodic control of prolactin secretion in the goat. Jpn. J.
Anim. Reprod. 31: 9-15. [CrossRef]

Munabi, A.K., Mericq, V., Gelato, M.C., Koppelman, M.C.,
Albertson, B.D., Loriaux, D.L., and Cassorla, F. 1985. The
effects of prolactin on rat testicular steroidogenic enzyme
activities. Horm. Metab. Res. 17: 47-48. [Medline] [CrossRef]
Nagamine, N., Nambo, Y., Nagata, S., Nagaoka, K., Tsu-
noda, N., Taniyama, H., Tanaka, Y., Tohei, A., Watanabe,
G., and Taya, K. 1998. Inhibin secretion in the mare: local-
ization of inhibin a, betaA, and betaB subunits in the ovary.
Biol. Reprod. 59: 1392—1398. [Medline] [CrossRef]
Nagata, S., Miyake, Y.I., Nambo, Y., Nagamine, N., Wata-
nabe, G., Tsunoda, N., Taniyama, H., Hondo, E., Yamada,
J., and Taya, K. 1998. Inhibin secretion in the stallion.
Equine Vet. J. 30: 98-103. [Medline] [CrossRef]

Nagata, S., Tsunoda, N., Nagamine, N., Tanaka, Y., Tani-
yama, H., Nambo, Y., Watanabe, G., and Taya, K. 1998.
Testicular inhibin in the stallion: cellular source and
seasonal changes in its secretion. Biol. Reprod. 59: 62—68.
[Medline] [CrossRef]

Nagy, P., Guillaume, D., and Daels, P. 2000. Seasonality
in mares. Anim. Reprod. Sci. 60-61: 245-262. [Medline]
[CrossRef]

Nambo, Y., Okano, A., Kunii, H., Harada, T., Dhakal, P.,
Matsui, A., Korosue, K., Yamanobe, A., Nagata, S., Wata-
nabe, G., and Taya, K. 2010. Effect of extended photope-
riod on reproductive endocrinology and body composition
in Thoroughbred yearlings and weanlings. Anim. Reprod.
Sci. 121(Suppl.): S35-S37. [CrossRef]

Nambo, Y., Tatee, H., Kotoyori, Y., Komano, M., and


http://www.ncbi.nlm.nih.gov/pubmed/572238?dopt=Abstract
http://dx.doi.org/10.1095/biolreprod20.3.567
http://www.ncbi.nlm.nih.gov/pubmed/11826263?dopt=Abstract
http://dx.doi.org/10.1146/annurev.physiol.64.081501.131049
http://www.ncbi.nlm.nih.gov/pubmed/21971318?dopt=Abstract
http://dx.doi.org/10.1038/nrurol.2011.143
http://www.ncbi.nlm.nih.gov/pubmed/2833448?dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2605.1988.tb01216.x
http://www.ncbi.nlm.nih.gov/pubmed/12087074?dopt=Abstract
http://dx.doi.org/10.1093/molehr/8.7.606
http://www.ncbi.nlm.nih.gov/pubmed/2509617?dopt=Abstract
http://dx.doi.org/10.1677/joe.0.1220697
http://www.ncbi.nlm.nih.gov/pubmed/10906048?dopt=Abstract
http://dx.doi.org/10.1095/biolreprod63.2.440
http://www.ncbi.nlm.nih.gov/pubmed/12006101?dopt=Abstract
http://dx.doi.org/10.1530/rep.0.1230729
http://www.ncbi.nlm.nih.gov/pubmed/9584832?dopt=Abstract
http://dx.doi.org/10.1677/jme.0.0200175
http://www.ncbi.nlm.nih.gov/pubmed/15826775?dopt=Abstract
http://dx.doi.org/10.1016/j.domaniend.2005.02.001
http://dx.doi.org/10.1016/j.anireprosci.2010.04.176
http://dx.doi.org/10.1016/j.jevs.2013.10.073
http://dx.doi.org/10.1016/j.jevs.2008.07.007
http://www.ncbi.nlm.nih.gov/pubmed/6317361?dopt=Abstract
http://dx.doi.org/10.1210/endo-114-2-594
http://www.ncbi.nlm.nih.gov/pubmed/3002766?dopt=Abstract
http://dx.doi.org/10.1210/endo-118-2-773
http://www.ncbi.nlm.nih.gov/pubmed/1238038?dopt=Abstract
http://dx.doi.org/10.1016/j.jevs.2012.07.020
http://www.ncbi.nlm.nih.gov/pubmed/15545700?dopt=Abstract
http://dx.doi.org/10.1385/ENDO:25:1:07
http://dx.doi.org/10.1262/jrd1977.31.9
http://www.ncbi.nlm.nih.gov/pubmed/3967847?dopt=Abstract
http://dx.doi.org/10.1055/s-2007-1013448
http://www.ncbi.nlm.nih.gov/pubmed/9828183?dopt=Abstract
http://dx.doi.org/10.1095/biolreprod59.6.1392
http://www.ncbi.nlm.nih.gov/pubmed/9535064?dopt=Abstract
http://dx.doi.org/10.1111/j.2042-3306.1998.tb04467.x
http://www.ncbi.nlm.nih.gov/pubmed/9674994?dopt=Abstract
http://dx.doi.org/10.1095/biolreprod59.1.62
http://www.ncbi.nlm.nih.gov/pubmed/10844199?dopt=Abstract
http://dx.doi.org/10.1016/S0378-4320(00)00133-0
http://dx.doi.org/10.1016/j.anireprosci.2010.04.185

66

42.

43.

44,

45.

46.

H. KUNII, Y. NAMBO, A. OKANO ET AL.

Tanaka, H. 2009. Weekly changes in serum progesterone
concentrations in pregnant Thoroughbred mares, in com-
parison with seven mares with early pregnancy loss. J. Jpn.
Vet. Med. Assoc. 62: 630—635.

Nequin, L.G., King, S.S., Jonson, A.L., Gow, G.M. and
Ferreira-Dias, G.M. 1993. Prolactin may play a role in
stimulating the equine ovary during the spring reproductive
transition. J. Equine Vet. Sci. 13: 631-635. [CrossRef]
Nishikawa, Y. 1959. Studies on reproduction in horses. Sin-
gularity and artificial control in reproductive phenomena.
Japanese Racing Association, Tokyo.

Regisford, E.G., and Katz, L.S. 1993. Effects of bro-
mocriptine-induced hypoprolactinaemia on gonadotrophin
secretion and testicular function in rams (Ovis aries) during
two seasons. J. Reprod. Fertil. 99: 529-537. [Medline]
[CrossRef]

Ren, L., Li, X., Weng, Q., Trisomboon, H., Yamamoto, T.,
Pan, L., Watanabe, G., and Taya, K. 2010. Effects of acute
restraint stress on sperm motility and secretion of pituitary,
adrenocortical and gonadal hormones in adult male rats. J.
Vet. Med. Sci. 72: 1501-1506. [Medline] [CrossRef]
Sanford, L.M., and Baker, S.J. 2010. Prolactin regulation of
testosterone secretion and testes growth in DLS rams at the
onset of seasonal testicular recrudescence. Reproduction
139: 197-207. [Medline] [CrossRef]

47.

48.

49.

50.

51.

52.

53.

Sanford, L.M., and Dickson, K.A. 2008. Prolactin regula-
tion of testicular development and sexual behavior in year-
ling Suffolk rams. Small Rumin. Res. 77: 1-10. [CrossRef]
Taya, K. 2011. Stress and prolactin. Horm. Front. Gynecol.
18: 275-283.

Taya, K., and Sasamoto, S. 1989. Inhibitory effects of
corticotrophin-releasing factor and p-endorphin on LH
and FSH secretion in the lactating rat. J. Endocrinol. 120:
509-515. [Medline] [CrossRef]

Thompson, D.L.Jr., Hoffman, R., and DePew, C.L. 1997.
Prolactin administration to seasonally anestrous mares:
reproductive, metabolic, and hair-shedding responses. J.
Anim. Sci. 75: 1092—-1099. [Medline]

Thompson, D.L.Jr., and DePew, C.L. 1997. Prolactin,
gonadotropin, and hair shedding responses to daily sul-
piride administration in geldings in winter. J. Anim. Sci. 75:
1087-1091. [Medline]

Tsubota, T., Nelson, R.A., Thulin, J.D., Howell, L., and
Bahr, J.M. 1995. Annual changes in serum concentrations of
prolactin in captive male black bears (Ursus americanus).
J. Reprod. Fertil. 104: 187-191. [Medline] [CrossRef]
Vanderschueren, D., Laurent, M.R., Claessens, F., Gielen,
E., Lagerquist, M.K., Vandenput, L., Borjesson, A.E.,
and Ohlsson, C. 2014. Sex steroid actions in male bone.
Endocr. Rev. 35: 906-960. [Medline] [CrossRef]


http://dx.doi.org/10.1016/S0737-0806(07)80391-1
http://www.ncbi.nlm.nih.gov/pubmed/8107036?dopt=Abstract
http://dx.doi.org/10.1530/jrf.0.0990529
http://www.ncbi.nlm.nih.gov/pubmed/20606370?dopt=Abstract
http://dx.doi.org/10.1292/jvms.10-0113
http://www.ncbi.nlm.nih.gov/pubmed/19755483?dopt=Abstract
http://dx.doi.org/10.1530/REP-09-0180
http://dx.doi.org/10.1016/j.smallrumres.2008.01.008
http://www.ncbi.nlm.nih.gov/pubmed/2522494?dopt=Abstract
http://dx.doi.org/10.1677/joe.0.1200509
http://www.ncbi.nlm.nih.gov/pubmed/9110225?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9110224?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7473406?dopt=Abstract
http://dx.doi.org/10.1530/jrf.0.1040187
http://www.ncbi.nlm.nih.gov/pubmed/25202834?dopt=Abstract
http://dx.doi.org/10.1210/er.2014-1024

