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NOVEL IC THERMOMETER PLACED IN THE UTEROTUBAL
JUNCTION TO MEASURE BOVINE UTERINE TEMPERATURE.
TECHNICAL NOTE

Novedoso termOmetro intracorporal ubicado en la unién uterotubarica para medir
la temperatura uterina bovina. Nota técnica
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ABSTRACT

Physio-environments in bovine uterus have not been
adequately reported due to the limitations in methodology. The
objective of the study was to measure bovine uterine
temperature (UT) by a novel IC thermometer (IC). Data was
compared with conventional rectal (RT) and vaginal
temperature (VT). IC is a chip housed in a button shaped
stainless steel enclosure, 15 mm in length, 5mm in width with a
range of +15 to +46°C in 0.125°C increments. It was calibrated
with a standard mercury thermometer, and was also correlated
with a rectal thermometer installed with a sensor probe (0.1°C
precision). UT was measured in 20 min intervals for 4 weeks,
while RT and VT were measured every 4 hr. Eleven Japanese
Black cows, 8 in the summer and 3 in the winter were
subjected to caesarian section (CS). By trans-lumbar
laparotomy, IC was installing in the left uterine horn proximate
to the uterotubal junction during CS. After recording for 4
weeks, IC was removed by 2nd CS and mounted on the chip
reader in the PC. The accumulated data were analyzed by
ANOVA for repeated measures. Ambient temperature (AT) was
simultaneously recorded. In 5 cows, blood was daily collected
for hormonal (estradiol) assay and underwent ultrasonography
to monitor ovarian dynamics. Temperature after operation was
temporarily elevated for 4 days (0.14°C) and excluded.
Averages in UT, RT and VT in the summer (AT: 28.76°C) were
38.57 + 0.23°C, 38.67 + 0.23°C, 38.60 * 0.35°C, and those in
the winter (AT: 14.46°C) were 38.63 + 0.21°C, 38.68 + 0.21°C,
38.67 + 0.20°C, respectively. UT was significantly lower than
RT or VT, and UT in the summer was lower than in the winter
(P < 0.01). Diurnal rhythm was observed at all three
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temperatures, lowest at 08:00 and highest at 20:00 h. Upon
ovulation, UT in the luteal phase was significantly higher (38.61
+ 0.20°C) than in the follicular phase (38.51 + 0.22°C, P < 0.01),
whereas no difference was observed in RT or VT. In
conclusion, IC placed in the uterotubal junction successfully
measured UT and detected diurnal rhythm. UT fluctuation was
stable, but showed a hyperthermia in luteal phase. It appear
that IC device can be use to monitory uterine temperature
during estrus cycle and probably in some other reproductive
physiology processes in cows.
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RESUMEN

No se ha reportado adecuadamente el ambiente fisioldgico del
Utero bovino debido a las limitaciones en la metodologia. El
objetivo del estudio fue medir la temperatura uterina bovina
(UT) con un nuevo termémetro intracorporal (IC). Los datos
fueron comparados con la temperatura rectal (RT) y vaginal
(VT) convencional. El IC es un dispositivo alojado dentro de un
botén de acero limpio, con 15 mm de longitud, 5 mm de ancho,
y con un rango de +15 a +46°C en 0,125 incrementos de °C.
Se calibré con un termémetro del mercurio normal, y también
se puso en correlaciéon con un termémetro rectal instalado con
una sonda sensora de temperatura (0,1°C de precisién). UT
era medida a intervalos de 20 min durante 4 semanas, mien-
tras RT y VT eran medidas cada 4 h. Once vacas Negras Ja-
ponesas, 8 en el verano y 3 en invierno, se sometieron a sec-
ciones de cesarea (CS). Por laparotomia trans-lumbar el IC se
instald en el cuerno uterino izquierdo proximo a la union del
uterotubarica, durante una CS. Después de grabar durante
4 semanas, el Cl fue removido con una 2da CS y el dispositivo
se montd en el lector del mismo, en la PC. Los datos acumula-
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dos se analizaron por ANOVA para mediciones repetidas. La
temperatura ambiental (AT) se grabdé simultaneamente. En
5 vacas, se colect6 sangre, diariamente, para determinaciones
hormonales (estradiol) y se realizd ultrasonografia para super-
visar la dinamica ovarica. La temperatura después de la ciru-
gia fue temporalmente elevada durante 4 dias (0,14°C) y se
excluy6. Los promedios en UT, RT y VT en verano (AT:
28,76°C) fueron 38,57 + 0.23°C, 38,67 + 0,23°C, 38,60 *
0,35°C, y en invierno (AT: 14,46°C) fueron 38,63 = 0,21°C,
38,68 £ 0,21°C, 38,67 = 0,20°C, respectivamente. UT fue sig-
nificativamente baja que RT o VT, y UT en el verano fue mas
baja que en invierno (P < 0,01). Se observé el ritmo diurno en
todas las tres temperaturas, mas bajo a las 08:00 y mas alto a
las 20:00 hs. En la ovulacion, UT en la fase luteal fue significa-
tivamente superior (38,61 + 0,20°C) que en la fase del folicular
(38,51 + 0,22°C, P < 0,01), sin embargo no se observé ningu-
na diferencia en RT o VT. En conclusioén, el IC colocado en la
unién uterotubal midio efectivamente la UT y detectd su ritmo
diurno. La fluctuacion de la UT fue estable, pero mostré hiper-
termia en la fase luteal. El IC, aparentemente es un dispositivo
adecuado para medir la temperatura uterina durante el ciclo
estral y probablemente, en otros procesos reproductivos fisio-
l6gicos en las vacas.

Palabras clave: Termometro IC, temperatura uterina, vacas.

INTRODUCTION

The development of hyperthermia during heat stress and
the physiological adjustments to reduce hyperthermia can re-
sult in decreased reproductive function [1-3]. The intrauterine
environment is compromised in cows that are heat stressed;
there is a decrease in blood flow to the uterus and an increase
in uterine temperature [4-5]. Rectal temperature and, to a
lesser extent, vaginal temperature are commonly used to as-
sess bovine temperature. Rectal temperature may be influ-
enced by the propensity for fecal existence, interval after feed
intake and hyperactivity. Heat stress seems to be hazardous
on embryo development and conceptus maturity, but the infor-
mation on these areas is limited due to the methodological rea-
sons [2-7].

IC thermometer can serve as a standard one data base
and carry relevant information while affixed to an object. Ar-
mored in IC, the thermometer can measure temperatures in
demanding environments and can be reusable for number of
cycles. The novel IC is 15 mm in length and 5 mm in width,

and can be installed inside the uterine lumen. The relation of
thermal biology and reproductive physiology is still unclear,
and therefore further research in these areas is necessary to
identify the problem [6]. A study was designed to measure bo-
vine uterine temperature (UT) by novel IC thermometer (IC).
Data was compared with conventional rectal (RT) and vaginal
temperature (VT).

MATERIALS AND METHODS

Eleven Japanese Black cows, 8 in the summer and 3 in
the winter were subjected to caesarian section (CS) by trans-
lumbar laparotomy to install IC in the left uterine horn proxi-
mate to the uterotubal junction. After recording for 4 weeks, IC
was removed by 2nd CS. The presynchronized protocol in
cows was with GnRH and PG injection. On day 10 before es-
trus, 1st caesarian section (CS) was performed to install IC. IC
was removed by 2nd CS, 4 weeks later. During IC insertion,
uterine temperature (UT) was measured in 20 min intervals,
while rectal (RT) and vaginal temperature (VT) was measured
every 4 hr (FIG. 1). After recording for 4 weeks, IC was re-
moved by 2nd CS and mounted on the chip reader in the PC.
Ambient temperature (AT) was simultaneously recorded. In 5
cows, blood was daily collected for hormonal assay and under-
went ultrasonography to monitor ovarian dynamics. The Ultra-
sonography evaluations and blood samplings were done be-
fore CS, daily during IC insertion and after CS. UT monitored
by IC Thermometer Cool Memory® IC thermometer, 15 mm in
diameter, 5 mm thickness and 0.1°C precision. The RT and VT
were measurement by rectal thermometer with 0.1°C precision
and the AT by digital thermo hygrometer, with 0.1°C precision.
The IC thermometer was calibrated with a standard mercury
thermometer (FIG. 2).

The statistical analysis was Pearson correlations among
the intrauterine, rectal and vaginal temperatures; accumulated
data for temperature was analyzed using the repeated meas-
ures analysis of ANOVA [8].

RESULTS AND DISCUSSION

The IC thermometer was calibrated with a standard mer-
cury thermometer and the data of both devices were signifi-
cantly correlated (FIG. 2). The UT (intrauterine temperature)
measured by IC was temporarily elevated after caesarian sec-
tion for four days (0.14°C increase), and therefore the data
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FIGURE 1. WORK PROTOCOL / PROTOCOLO DE TRABAJO.
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were excluded (FIG. 3). There was a linear relationship
among the UT, rectal (RT) and vaginal temperatures (VT). Av-
erages in UT, RT and VT in the summer (AT: 28.76°C) were
38.57 + 0.23°C, 38.67 + 0.23°C, 38.60 + 0.35°C, and those in
the winter (AT: 14.46°C) were 38.63 = 0.21°C, 38.68 %
0.21°C, 38.67 = 0.20°C, respectively. UT was significantly
lower than RT or VT, and UT in the summer was lower than in
the winter (P < 0.01).

Diurnal rhythm was observed at all three temperatures;
UT, RT and VT, lowest at 08:00 and highest at 20:00 in both
summer and winter period (FIGS. 4 and 5). Averages in UT
were significantly lower than RT and VT in both seasons and
UT fluctuation was rather stable (FIG. 6). Upon ovulation, UT in
the luteal phase was significantly higher (38.61 £ 0.20°C) than
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in the follicular phase (38.51 + 0.22°C, P < 0.01), whereas nei-
ther difference was observed in RT or VT (FIG. 7). Peak of
Estradiol-173 levels preceded UT peak by 8 h and also corre-
lated with ovulation by 37 h (FIG. 8).

CONCLUSION

IC placed in the uterotubal junction was successfully to
measure intrauterine temperature and detected diurnal rhythm.
Fluctuation of uterine temperature was rather stable compared
to rectal and vaginal temperature, and showed a luteal phase
hyperthermia. The implication, the values for intrauterine tem-
perature in predicting heat stress are higher than those for rec-
tal or vaginal temperature because intrauterine temperature
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FIGURE 2. IC THERMOMETER CALIBRATION WITH STANDARD MERCURY THERMOMETER / CALIBRACION DEL TERMOMETRO
IC CON UN TERMOMETRO DE MERCURIO ESTANDAR.

39.2

39
38.8
38.6
38.4
38.2

Tem perature

——UT

—— VT

O RT

-1 01 2 3 4 5 6 7 8 910111213 14151617 1819 20 2122 23

Post Operation (Day)
FIGURE 3. SURGERY EFFECT ON UTERUS TEMPERATURE UT / EFECTO DE LA CIRUGIA SOBRE LA TEMPERATURA UTERINA UT.

h

5 927 ,T3% 5
< 39 d ] 134 =
- Y 34
2 388 c s
2 b 32 §
T 38.6 - l 2
3 30 =
2 384 e
1 28 5
8 382 2
38 | | | | - 26 <

00:00 04:00 08:00 12:00 16:00 20:00

Time |[JUuT [ JRT EEVT —-@—AT

FIGURE 4. DIURNAL RHYTHM: SUMMER / RITMO DIURNO: VERANO.

403



Novel IC thermometer to measure bovine uterine temperature. Technical note / Roa, N. y col.

h z .
O 39 © £
® 38.8 l -
S I \'4 l 20 S
= )
© 38.6 =
) T 15 ¢
Q 38.4+ o
5 5
2 38.2 | | | | | - 10 g
<
00:00 04:00 08:00 12:00 16:00 20:00
Time |CJuT [ 1RT EEVT —@—AT
FIGURE 5. DIURNAL RHYTHM: WINTER / RITMO DIURNO: INVIERNO.
| * |
39.20 —
g 39.00 y — !
@ 38.80 =
E‘ 38.60 T T
S 38.40
38.20 4 :
Summer Our OrRT EVT | Winter
FIGURE 6. SEASONAL TEMPERATURE / TEMPERATURA ESTACIONAL.
39.2
39 +
g 38.8
g;_. 38.6
g 38.41
3]
38.2 +
38 | :

’ O Follicular Phase (P4<1.0 ng/mL)

i Luteal Phase (P4>1.0 ng/mL)

FIGURE 7. TEMPERATURE AND ESTROUS PHASE / TEMPERATURA Y CICLO ESTRAL.

-52-48-44-40-36-32-28-24-20-16-12-8 -4 0 4 8 1216202428 3236 40 44
Hour after E2 Peak

FIGURE 8. UT, ESTRADIOL-1738 AND OVULATION / uT,
ESTRADIOL-178 Y OVULACION.

404

Estradiol-178( pg/ml)

probably more closely reflects core body temperature. It ap-
pear that IC device can be use to monitory uterine temperature
during estrus cycle and probably in some other reproductive
physiology processes in cows.
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