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Abstract

In this study it was assessed the effect of high environmental temperature on the serum progesterone levels and whether this
effectis smallerin sheep (Pelibuey) adapted to hot climate than in not adapted sheep (Suffolk). Thirty two ewes, 16 of the Pelibuey
breed and 16 of the Suffolk breed, were synchronized with intravaginal sponges with FGA. At day two of the estrous cycle (day
of estrus = day 0), the ewes were assigned to two treatments: a) Thermal stress group [n =16 (eight Pelibuey and eight Suffolk)].
From day two up to the return to estrus the ewes remained six hours a day in an environmental chamber at > 32°C (35 + 1.4°C)
and 31% of relative humidity (RH); b) control group [n = 16 (eight Pelibuey and eight Suffolk)], stayed at ambient temperature
during all the study (19 + 4°C and 31% of RH). Two blood samples were taken daily (at 9:00 am and 4:00 pm) from day 0 until
the following estrus. Progesterone was measured by radioimmunoassay. Progesterone concentration data were analyzed using
mixed linear models. The effects of the treatment, breed, time of measurement and interactions were tested. The random effect
of the ewe nested in breed was added to the model to consider the repeated structure of the information. The length of the luteal
phase and the estrous cycle was analyzed with a model that included the effects of the treatment, breed, and breed x treatment
interaction. The length of the luteal phase (11.1 £ 0.15 versus 11.5 + 0.15 days for thermal stress and control groups, respectively)
and the estrous cycle (17.1 + 0.24 versus 17.3 + 0.3 days for thermal stress and control groups, respectively) was similar (P > 0.05)
between groups. Progesterone concentrations were similar between treatments and there were no effects of the breed, neither
treatment x breed interaction (P > 0.05). There is no evidence in this study that a high environmental temperature affects the
serum progesterone levels in Pelibuey and Suffolk ewes.
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Resumen

En este trabajo se probo si la alta temperatura ambiental afecta los niveles séricos de progesterona y si este efecto es menor en
las ovejas (Pelibuey) adaptadas al clima célido que en las no adaptadas (Suffolk). Se utilizaron 32 ovejas, 16 de la raza Pelibuey
y 16 de la raza Suffolk, sincronizadas con esponjas intravaginales con FGA. El dia dos del ciclo estral (dia del estro = dia 0), las
ovejas fueron asignadas a dos tratamientos: a) estrés térmico [n = 16 (ocho Pelibuey y ocho Suffolk)], desde el dia dos y hasta el
retorno al estro las ovejas permanecieron durante seis horas al dia en una cdmara climdtica a > 32°C (35 £ 1.4°C) y 31% de hume-
dad relativa (HR); b) testigo [n = 16 (ocho Pelibuey y ocho Suffolk)], se alojaron a temperatura ambiente durante todo el estudio
(19 £ 4°Cy 31% de HR). Se tomaron dos muestras de sangre diariamente (9:00 am y 4:00 pm) del dia 0 hasta el siguiente estro y
se determinaron las concentraciones de progesterona mediante radioinmunoanalisis. Las concentraciones de progesterona se
compararon mediante modelos lineales mixtos. Se probaron los efectos del tratamiento, raza y hora de medicion e interacciones.
Se anadié al modelo, el efecto aleatorio de la oveja anidada en la raza, para considerar la estructura repetida de la informacion.
La duracién de la fase lutea y del ciclo estral se analizé con un modelo que incluy6 el efecto del tratamiento, raza y la interaccion
raza x tratamiento. La duracion de la fase latea (11.1 + 0.15 vs 11.5 £ 0.15 dias, grupos estrés térmico y testigo, respectivamente) y
del ciclo estral (17.1 £ 0.24 vs 17.3 + 0.3 dias, grupos estrés térmico y testigo, respectivamente) fue similar entre grupos (P > 0.05).
Las concentraciones de progesterona fueron similares entre tratamientos y no se observo efecto de la raza ni de la interaccion
tratamiento x raza (P > 0.05). En este estudio no se encontré evidencia de que la alta temperatura ambiental afecte los niveles
séricos de progesterona en ovejas de la raza Pelibuey y Suffolk.

Palabras clave: CUERPO LUTEO, ESTRES TERMICO, OVEJAS.

Serum progesterone levels in Pelibuey and Suffolk

Recibido el 17 de octubre de 2007 y aceptado el 1 de diciembre de 2008.
*Departamento de Reproduccion, Facultad de Medicina Veterinariay Zootecnia, Universidad Nacional Autonoma de México, 04510, México,
D. F., correo electronico: jhc@servidor.unam.mx
**Departamento de Genética y Bioestadistica, Facultad de Medicina Veterinaria y Zootecnia, Universidad Nacional Autonoma de México,
04510, México, D. F.

Vet. Méx., 40 (2) 2009

197


http://www.medigraphic.com/espanol/e1-indic.htm

Introduction

he exposure of Merino ewes to ambient tem-

perature higher that 32°C during the mating

season decreases fertility and number of new-
born lambs."? Likewise, the maximum ambient tem-
perature during the three next weeks to breeding
has been negatively correlated with the number of
newborn lambs.? Thermal stress exposure during six
hours is enough to affect embryo development in the
ewe® and in the cow.*® Progesterone subnormal con-
centrations are related to embryo development delay
and to conception failure,® and can be the cause of
low fertility observed in thermal stress conditions.”
The exposure of dairy cows to high temperatures
decreases progesterone production,g’9 studies in vitro
have found that progesterone production by ovary
luteal cells collected during summer is lower than the
one secreted by ovary luteal cells collected in winter.’
Studies about the effect of ambient high temperature
on corpus lutewm function in ewes are limited and
contradictory. Sheikheldin et al found a marginal
increase of serum progesterone levels in ewes exposed
to thermal stress, while Hill and Alliston' observed
less progesterone concentrations in ewes subjected to
thermal stress.

Likewise, genetic differences in thermal stress tole-
rance have been observed; in this way, breeds that
evolved in warm climates better regulate their body
temperature in heat stress conditions than breeds
that evolved in temperate or cold climates. Pelibuey
or Tabasco breed has its origin in sheep who arrived
to America during the XVI century coming from the
Canary Islands and Africa; it is a hairy breed adapted
to subtropical and tropical climates.'? Pelibuey ewes
maintain their body temperature lower and their cells
produce higher concentrations of heat shock protein
70 (HSP-70) than Suffolk breed ewes in thermal stress
conditions."

It would be interesting to determine if exposure to
high ambient temperatures affects the corpus luteum
function in ewes and to know if there are susceptible
genetic differences to such effect; therefore, the aim
of this study was to assess serum progesterone levels in
Pelibuey and Suffolk ewes exposed to thermal stress.

The experiment was carried out in an experimen-
tal unit of the Faculty of Veterinary Medicine and
Animal Husbandry of the National Autonomous Uni-
versity of Mexico, in Mexico City, with subhumid-tem-
perate climate and summer rains, besides a minimum
and maximum annual temperature of 7°C and 24°C,
respectively, and annual pluvial precipitation of 800
to 1200 mm."

The study was carried out during the months of
October and November, which correspond to the bree-
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Introduccioén

n ovejas de la raza Merino la exposicion a tem-

peratura ambiental mayor de 32°C durante el

empadre disminuye la fertilidad y el nimero
de corderos nacidos.? Asimismo, la temperatura
ambiental maxima en las tres semanas siguientes al
empadre se ha correlacionado negativamente con el
nimero de corderos nacidos.? La exposicion a estrés
térmico durante seis horas es suficiente para afectar el
desarrollo embrionario en la oveja3 yen la vaca.*® Las
concentraciones subnormales de progesterona estan
relacionadas con retraso del desarrollo embrionario
y con falla en la Concepcic’)n,G ademas de que pueden
ser causa de la baja fertilidad observada en condicio-
nes de estrés térmico.” En la vaca lechera la exposi-
cion a altas temperaturas disminuye la produccion de
plrogesterona;g'9 en estudios in vitro se encontro6 que la
produccién de progesterona mediante células liteas
de ovarios recolectados durante el verano es menor a
la secretada por células luteas de ovarios recolectados
en invierno.’ En la oveja los estudios del efecto de la
alta temperatura ambiental en la funcién del cuerpo
liteo son limitados y contradictorios. Sheikheldin et
al" encontraron un incremento marginal de los nive-
les séricos de progesterona en ovejas expuestas a estrés
térmico, mientras que Hill y Alliston!! observaron
menores concentraciones de progesterona en ovejas
sometidas a estrés térmico.

Asimismo, se han observado diferencias genéticas
en la tolerancia al estrés térmico; de esta forma, las
razas que evolucionaron en climas calidos regulan
mejor su temperatura corporal en condiciones de
estrés calorico que las razas que lo hicieron en climas
templados o frios. La raza Pelibuey o Tabasco tiene su
origen en las ovejas que llegaron a América durante
el siglo XVI procedentes de Islas Canarias y Africa; se
trata de una raza de pelo adaptada a los climas sub-
tropical y tropical.12 Las ovejas Pelibuey mantienen su
temperatura corporal mas baja y sus células producen
mayores concentraciones de la proteina de choque
térmico 70 (HSP-70) que las ovejas de la raza Suffolk
en condiciones de estrés térmico."”

Seria interesante determinar si la exposicion a
temperaturas ambientales altas afecta la funcion del
cuerpo liteo en la oveja y conocer si hay diferencias
genéticas en la susceptibilidad a dicho efecto; por
tanto, el objetivo del presente estudio fue evaluar los
niveles séricos de progesterona en ovejas Pelibuey y
Suffolk expuestas a estrés térmico.

El experimento se llevé a cabo en una estacion
experimental de la Facultad de Medicina Veterina-
ria y Zootecnia de la Universidad Nacional Auto6-
noma de México, en la Ciudad de México, con clima
templado-subhtiimedo y lluvias en verano, ademas de



ding season of this breed in Mexico."” Thirty two ewes
(16 Pelibuey and 16 Suffolk) were used. The animals
were synchronized with intravaginal sponges with 40
mg of fluorogestone acetate (FGA) for ten days; at
the time of removing them, a luteolitic dose of PGFaa.
was administered. Twenty four hours later, estrous
was detected (morning and noon) with the use of a
ram fitted with an apron. The day in which the ewes
allowed the male to mount was considered as zero. Two
groups were formed at day two of the cycle: a) thermal
stress [n = 16 (eight Pelibuey and eight Suffolk)], from
day two of the cycle until next estrous, ewes stayed for
six hours a day (11:00 am to 17:00 pm) in a climate
chamber at > 32°C (35 + 1.4°C) and relative humidity
(RH) of 31% [ temperature-humidity index (THI) =
27.2]; b) control group [n = 16 (eight Pelibuey and
eight Suffolk)], were allocated at ambient tempera-
ture during all the time of study (19 + 4°C and RH of
31%; THI = 17.6). Two blood samples were taken each
day (9:00 am and 4:00 pm) from day zero until they
returned to estrous. Samples were collected by jugu-
lar vein puncture in vacuum tubes with anticoagulant
(EDTA) and were centrifuged at 1 500 g for 15 minu-
tes. Plasma was separated and was kept at —20°C until
analyzed. Progesterone concentrations were determi-
ned by radioimmunoanalysis on solid phase,'® with an
assay sensitivity of 0.1 ng/mL and an intra-assay coeffi-
cient of variance of 4.1%.

Luteal phase beginning was considered when pro-
gesterone concentrations were higher than 1 ng/mL,
and its end when they were less than 1 ng/mL."”

Progesterone concentrations were compared with
mixed linear models. Treatment, breed, and mea-
surement and interaction hour effects were tested.
Random effect of the nested ewe in the breed was
added to consider the repeatedly structure of the infor-
mation. SAS® Mixed procedure was used to carry out
the analyses." Luteal phase and estrous cycle duration
was analyzed by a model which included treatment,
breed, and breed interaction x treatment effect (SAS®
GLM)."

All ewes showed estrous 47 + 10 hours later after
withdrawing the FGA sponge. Luteal phase duration
(I1.1 £ 0.15 vs 11.5 = 0.15 days, thermal stress and
control groups, respectively) and estrous cycle (17.1
+ 0.24 vs 17.3 = 0.3 days, thermal stress and control
groups, respectively) was similar between groups (P
> 0.05). Progesterone concentrations were alike bet-
ween treatments and neither breed or treatment inte-
raction x breed effect was observed (P > 0.05; Figure
1). The results of the present study contrast with the
study done by Hill and Alliston'" on White Face ewes,
in which the animals subjected to thermal stress had
less plasmatic progesterone concentrations than ewes
that were kept under thermoneutrality. Likewise, they

temperatura anual de 7°Cy 24°C, minima y maxima,
respectivamente; la precipitacion pluvial es de 800 a 1
200 mm anuales."

El estudio se realizé durante octubre y noviembre,
que corresponden a la plena época reproductiva de
esta especie en México."” Se utilizaron 32 ovejas (16
Pelibuey y 16 Suffolk). Los animales se sincronizaron
mediante la aplicacion de esponjas intravaginales con
40 mg de acetato de fluorogestona (FGA) durante
diez dias; al momento de retirarlas se aplicé una dosis
luteolitica de PGFea. Veinticuatro horas después se
detectaron estros (manana y tarde) con un macho
provisto con mandil. El dia en que las ovejas acepta-
ron la monta se consideré como cero. Al dia dos del
ciclo se formaron dos grupos: a) estrés térmico [n =
16 (ocho Pelibuey y ocho Suffolk)], desde el dia dos
del ciclo y hasta el retorno al estro, las ovejas perma-
necieron durante seis horas al dia (11:00 am a 17:00
pm) en una camara climatica a > 32°C (35 £ 1.4°C) y
humedad relativa (HR) de 31% [indice de tempera-
tura-humedad (THI) = 27.2]; b) testigo [n = 16 (ocho
Pelibuey y ocho Suffolk)], se alojaron a temperatura
ambiente durante todo el estudio (19 + 4°C y HR de
31%; THI = 17.6). Se tomaron dos muestras de sangre
aldia (9:00 amy 4:00 pm), del dia cero hasta el dia en
que regresaron a estro. Las muestras fueron recolecta-
das mediante puncioén en la vena yugular en tubos al
vacio con anticoagulante (EDTA) y se centrifugaron
a 1 500 g durante 15 minutos. Se separé el plasma 'y
se conservo a —20°C hasta su analisis. Se determina-
ron las concentraciones de progesterona mediante
radioinmunoandlisis en fase sélida,'® con sensibilidad
del ensayo de 0.1 ng/mLy un coeficiente de variacion
intraensayo de 4.1%.

Se consideré el inicio de la fase Iitea cuando las
concentraciones de progesterona superaron 1 ng/mL,
y su final cuando se redujeron a menos de 1 ng/mL."

Las concentraciones de progesterona se compara-
ron mediante modelos lineales mixtos. Se probaron
los efectos del tratamiento, raza y hora de mediciéon
e interacciones. Se anadi6 el efecto aleatorio de la
oveja anidada en la raza para considerar la estructura
repetida de la informacién. Para realizar los analisis
se utiliz6 el procedimiento Mixed de SAS®." La dura-
ci6én de la fase lateay del ciclo estral se analizé con un
modelo que incluy6 el efecto del tratamiento, raza, y
de interaccién raza x tratamiento (GLM de SAS®).'

Todas las ovejas mostraron estro 47 + 10 horas des-
pués de retirar la esponja con FGA. La duracién de la
fase Iutea (11.1 + 0.15 vs 11.5 + 0.15 dias, grupos estrés
térmico y testigo, respectivamente) y del ciclo estral
(17.1 £ 0.24 vs 17.3 + 0.3 dias, grupos estrés térmico y
testigo, respectivamente) fue similar entre grupos (P
> 0.05). Las concentraciones de progesterona fueron
similares entre tratamientos y no se observo efecto de
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differ from cow studies, where the reduction of pro-
gesterone concentrations during the exposure period
to thermal stress is evident.*" and less progesterone
synthesis capacity by ovary luteal cells collected during
the thermal stress period.” Nevertheless, they are simi-
lar to the ones obtained from dairy goats subjected to
thermal stress conditions (33°C). In this study, goats
under thermal stress had progesterone concentrations
similar to goats kept under thermoneutrality.*’

The lack of thermal stress effect on the luteal
function observed here and the negative effect found
in the study of Hill and Alliston'' can be due to the
high temperature exposure period, since in this study
ewes were permanently kept during the whole estrous
cycle at 36.1°C and RH of 71%, while during the pre-
sent study they were only subjected to thermal stress
during six hours a day. In the mentioned study, hyper-
thermia did not only affect luteal function but it also
caused estrous behavior and preovulatory LH peak
decrease.

Likewise, the difference with the observed in dairy
cows can be explained by the metabolic differences
between these two species. In dairy cows thermal
stress effects are highlighted by metabolic heat gene-
ration due to high milk production and to the inca-
pacity of dairy breeds to effectively eliminate heat.”
The aforementioned causes that rectal temperature
in cows under thermal stress increase more than
1.5°C, while in ewes exposed to thermal stress only
show increases of no more than 0.7°C.*** Thus, dairy
cows which experiment increase in body temperature
during thermal stress conditions is such that it affects
ovulatory follicular characteristics”* and luteiniza-
tion process,” besides it decreases progesterone syn-
thesis, which causes lower serum concentrations of
this hormone.” According to the results of the present
study, reduction of fertility in ewes naturally exposed
to temperatures > 32°C can be consequence of the
direct effects of temperature on the oocyte matura-
tion and the early embryo development, as it occurs in
the cow"*” and less to alterations of the corpus luteum
function.

=
o
]

Thermal stress

Progesterone
(ng/mL)

la raza ni de la interaccion tratamiento x raza (P >
0.05; Figura 1). Los resultados del presente trabajo
contrastan con el estudio de Hill y Alliston'! en ovejas
White Face, en el cual los animales sometidos a estrés
térmico tuvieron menores concentraciones plasmati-
cas de progesterona que las ovejas que estuvieron en
termoneutralidad. Asimismo, difieren de los trabajos
en vacas, en los que es evidente la reducciéon en las
concentraciones de progesterona durante el periodo
de exposicién a estrés térmico®"” y menor capacidad
de sintesis de progesterona por las células Iiteas de
ovarios recolectados durante el periodo de estrés
térmico.” Sin embargo, son similares a los obtenidos
en cabras lecheras sometidas a condiciones de estrés
térmico (33°C). En este estudio las cabras bajo estrés
térmico tuvieron concentraciones de progesterona
similares a las cabras mantenidas en termoneutrali-
dad.”

La falta de efecto del estrés térmico en la funcion
lutea observada aqui y el efecto negativo encontrado
en el estudio de Hill y Alliston'' puede ser consecuen-
cia del periodo de exposicion a la alta temperatura, ya
que en este estudio las ovejas estuvieron durante todo
el ciclo estral a 36.1°C y HR de 71%, mientras que en
el presente trabajo s6lo se sometieron a estrés térmico
durante seis horas al dia. En el estudio mencionado, la
hipertermia no sélo afect6 la funcién litea sino tam-
bién ocasioné disminucién del comportamiento estral
y del pico preovulatorio de LH.

Asimismo, la diferencia con lo observado en la vaca
lechera se puede explicar por las diferencias metaboli-
cas entre estas dos especies. En la vaca lechera los efec-
tos del estrés térmico se agudizan por la generacion
de calor metabdlico debido a la abundante produc-
cién de leche y a la incapacidad de las razas leche-
ras para eliminar eficazmente el calor.” Lo anterior
ocasiona que la temperatura rectal de las vacas bajo
estrés térmico aumente mas de 1.5°C mientras que
en las ovejas expuestas a estrés térmico s6lo muestran
incrementos de no mas de 0.7°C.%2?® Asi, el aumento
de la temperatura corporal que experimentan las
vacas lecheras durante condiciones de estrés térmico

Figura 1: Concentraciones de progesterona
durante el ciclo estral en ovejas Pelibuey y
Suffolk testigos (-0-) y en condiciones de estrés
térmico (-¢-). No hubo efecto del tratamiento,
de la raza ni de la interacciéon tratamiento x
raza (P >0.05).

Figure 1: Progesterone concentrations during
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the estrous cycle in Pelibuey and Suffolk con-
trol ewes (-0-) and in thermal stress conditions
(-#-). There was no effect on treatment, breed
or treatment x breed interaction (P > 0.05).



Neither rectal temperature or respiratory fre-
quency was measured here to determine if ewes suffe-
red from thermal stress; nevertheless, temperature-
humidity index is indicator of the stress grade caused
by ambient temperature.'®***’ In this study, THI (27.2)
was superior to the index from which negative effects
are observed on ewe milk production (THI of 23).%
Also, the temperature to which the ewes were subjec-
ted (356°Cin average) was higher than the temperature
(82°C) to which negative effects exist on the fertility
of this species."” Likewise, a study in the same climatic
chamber and with similar temperatures, increase of
rectal temperature and respiratory frequency in ewes
was observed, proper of stress caused by high ambient
temperatures.”

Finally, no evidence was found in regard to high
ambient temperature affecting progesterone serum
levels in Pelibuey and Suffolk ewes.
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