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Elucidation of Mechanisms of temperature gradients in female reproductive tracts
under heat-stressed condition and improvement of reproductive performance in
cattle
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This study aims to determine whether the disruption of the temperature
gradient around the female reproductive tract is the cause of ovarian dysfunction under heat
conditions. We indicated that ovulation failure under heat-stressed conditions in Japanese Black
cattle could be due to suppressing follicle formation in the ovary. We also demonstrated that body
temperature usually increases during estrus, but eye temperature significantly decreases from estrus

to ovulation in Japanese Black cows. In addition, we revealed that differences in milk fat contents
in dairy samples raised in Cambodia under heat-stressed conditions were related to differences in
genetic character. Through these studies, we have accumulated basic knowledge to prevent ovarian
dysfunction in heat conditions by modulating the temperature gradient in the reproductive tracts.
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Fig.1 Plasma LH secretion in the peri-ovulatory period in each period.

Plasma LH concentration in the pre-summer (A), summer (B), and post-summer (C) periods in the peri-
ovulatory period after GnRH analog administration, and the AUC of LH secretion during the three
experimental periods (D). Values in (D) are means + SEM and differences among periods are indicated by
different subscripts (p < 0.05).
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Fig.2 Plasma FSH secretion in the peri-ovulatory period in each period.

Plasma FSH concentration in the pre-summer (A), summer (B), and post-summer (C) periods in the peri-
ovulatory period after GnRH analog administration, and the AUC of FSH secretion during the three
experimental periods (D). Values in (D) are means £ SEM and differences among periods are indicated by
different subscripts (p < 0.05)
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Fig.3 Profiles of the mean temperatures (n=5) of the vagina (A) and pelvic cavity (B) in each of the five
cows (C) at 1-h intervals during the experimental period (red and blue lines indicate the temperatures of the
vagina and pelvic cavity, respectively). A representative infrared thermography (IRT) image of the left eye
was captured at a distance of 30—50 cm by the handheld camera; ocular temperatures were determined at
five points as follows: NC, nasal conjunctiva; NL, nasal limbus; CC, center cornea; TL, temporal limbus;
and TC, temporal conjunctiva (D). Profiles of multipoint ocular mean temperatures (mean + SEM, n=5, E),



and multipoint ocular temperatures and plasma P4 concentration in each cow (F) were collected during the
experimental period. Colored lines indicate daily temperatures of the five ocular regions and plasma P4
concentration as follows: NC, deep blue; NL, deep orange; CC, gray; TL, light orange; TC, light blue;
plasma P4, red. White and black arrowheads indicate the timing of PGF2a and GnRH administration,
respectively. Black arrows and double-headed arrows indicate the observation of estrous behavior and their
ranges, respectively, and white and gray arrows and white double-headed arrows indicate the detection of
dominant follicle [DF(+)], the disappearance of dominant follicle [DF(-)], and their ranges, respectively.
The gray color bar at the bottom of the graphs indicates the period with the intravaginal P4 device. *, T,
and f indicate a significant difference (P <0.05, two-way repeated measures ANOVA).
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Fig.3 STRUCTURE plots for the probability of assignment to two (K = 2) and three (K = 3) genetic clusters,
for the pure Japanese Holstein-Friesian breed, and 75 Cambodian dairy cattle, from two different farms.
Each horizontal bar indicates an individual, and each color indicates the probability of assignment to one
of the genetic clusters
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