Influence of leptin and progesterone concentrations on embrionic survival rate during early pregnancy in the dairy cow
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Abstract:
Early pregnancy is critical period for embrionic survival and poor progesterone secretion following mating or increased metabolisation of progesterone in liver of high producing cow, is an important cause of early embryo mortality. In human, mice, ewes and many other species it is very well known connection between level of LH, progesterone, oestrogene and leptin with early embryo development and embryonic survival in the uterus.The aim of the present study was to determine whether the link exists between circulationg leptin concentrations and progesterone secretion at this critical time in cows. We preformed our study on 59 symmental cows who had no history of reproductive disturbancies, failures to conceive or difficult parturations. In our study we divided animals in 3 groups: pregnant, inseminated but nonpregnant and not inseminated cows. We collected blood every 72 hours during four weeks after oestrus from all cows (38 pregnant cows, 14 inseminated but nonpregnant and 7 noninseminated cows). We controled all the cows using ultrasound every week.. Progesterone concentration was lower in cows failing to conceive than in those becoming pregnant and increased significantly with increasing plasma leptin concentrations.There was no change in plasma leptin concentrations throw the sampling period in any group. Furthermore, plasma leptin concentrations were not different between pregnant, inseminated but nonpregnant and not inseminated cows. There was no correlation between plasma leptin and plasma progesterone. The results demonstrate that while a relationship may exist between leptin and progesterone in lactating cows, in the absence of the high metabolic load of milk yeald there appears to be no relationship betweeen leptin and either plasma progesterone or early embryo development.
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Introduction

In most domestic spaces, including all ruminants the establishment and maintenance of pregnancy requires that the luteal phase of the oestrous cycle is prolonged by the persistence of a single corpus luteum or a number of corpora lutea. As a result of the persistence of the luteal tissue, progesterone concentrations remain elevated. The presence of a viable developing embryo prevents the corpus luteum from regressing and thus, in polyestrous species like cows inhibits the return to oestrus. Phenomenon was first time described by Short (1969) who named it „maternal recognition of pregnancy“. It is very interesting because a maternal endocrine response is detectable before the blastocyst attaches endometrium by microvilli, which either directly or indirectly prevents regression of the corpus luteum. It is likely the developing embryo exerts its effect in one of two ways: either it has an antiluteolytic action, preventing the synthesis, release or action of PGF2α  or it exerts a luteotrophic effect and consequently over-rides luteolysis. In the cow , the importance of the blastocyst in prolonging the lifespan of the corpus luteum was shown by the studies of Northey and French (1980.). they found that if the blastocyst was removed at day 17 or day 19 the interoestrus interval was extended to 25 till 26 days.The antyluteolitic signal produced by the bovine conceptus is bovine trophoblast protein-1 (btp-1). It cross reacts  immunologically with ovine trophoblast protein-1, has high amino acid sequence homology with both otp-1 and IFN-α1  and posseses antiviral activity ( Bazer at al. 1991). Infusion of btp-1 directly to uterus of nonpregnant cows prolonges luteal function in nonpregnant cows and consequently influences progesterone concentration in blood. The same result can be achieved by intramuscular aplication of btp-1 ( Plante et al. 1989.) In the same time it is very well known that leptin influences early embryogenesis in sheep, goats, humans and mice.Concentration of leptin rises significantly in first two weeks of pregnancy in sheep and it is considered that it regulates invasibility of cytotrophoblast during implantation and placentation (Ahima et a. 1998) ). Leptin influences ovine embryo by increasing metabolism of glucosis because it acts regulatory and increases synthesis of insuline. Furthermore, leptin level is increased in pregnant ewes during whole pregnancy and it originates from cytotrophoblast, placenta and fat tissue of fetus. Leptin level is higher in ewes carring twins (Amstelden et al. 2002) Leptin is biochemically alike placental laktogene and btp and it possibly acts on similar way (Prvanovic, 2003). Aplication of leptin increases level of testosterone, LH, FSH and oestrogene in blood of primary ovariectomised rats (Yu and al, 1997). During pregnancy in humans leptin directly regulates growth rate and development of fetus, feto-placental angiogenesis, embryonal hepatopoesis and hormonal biosynthesis inside fetoplacental junction. (Henson and Castracane, 2000). Leptin level is significantly higher in umbilical veins than in umbilical arteries (Yura et al., 1998) what explains predominations of placental leptin and fetal leptin. In pigs is leptin level significantly higher in placentas of normally developed fetuses than in placentas of retarded fetuses, when they grow in the same uterus (Ahima et al 1998). 

Material and methods:

 We preformed our study on 59 symmental cows who had no history of reproductive disturbancies, failures to conceive or difficult parturations. All cows were 4-6 years old. In our study we divided animals in 3 groups: pregnant, inseminated but nonpregnant and not inseminated cows. Pregnant cows group consisted of 38 animals, group of inseminated but nonpregnant animals consisted of 14 animals and noninseminated cows were group of 7 animals. We took 59 cows from the same farm, keeping in mind above mentioned conditions. We inseminated 52 and the rhest of  7 cows used as a control for environment, feeding and production to see if it influences our results. We collected blood from jugular vein every 72 hours during four weeks after oestrus from all cows.On basis of ultrasound and rectal findings we divided inseminated group on two subgroups: pregnant and nonpregnant animals suspected for embrionic mortality.We centrifuged all blood samples, took sera samples into eppendorf kivetes and deep freesed it before the analysis. We controlled all the cows using ultrasound every week starting with day 17 after oestrus. . We also evaluated BCS (body condition score) to compare it with leptin level because leptin level in blood directly interferres with amount of fat tissue.We also collected data about milk production and body weight. We determined concentration of progesterone and leptin using RIA method in each sample. We collected all the data and compared ultrasoud finding with progesterone and   leptin curve for each animal. We statistically analysed all the data using ANOVA method.
Results:

Progesterone level in pregnant cows increased till day 12 after A.I. and maximal value consisted 10.64 ng/ml. Minimal value of progesterone consisted 2.29 ng/ml and middle value  was 5.62 ng/ml with standard deviation of 2.27 ng/ml and standard mistake of middle value of 0.50 ng/ml. Nonpregnant cows also had increase of progesterone concentration till day 12 after A.I. and maximal value consisted 10.28 ng/ml and minimal value consisted 0.96 ng/ml. Middle value for progesterone in nonpregnant group was 5.84 ng/ml with standard deviation of 2.45 ng/ml and standard mistake of middle value of 0.41 ng/ml.Noninseminated cows had increase of progesterone concentration till day 12 after oestrus and maximal value consisted 9.25 ng/ml and minimal value consisted 0.56 ng/ml. Middle value for progesterone in noninseminated group was 4.87 ng/ml with standard deviation of 2.15 ng/ml and standard mistake of middle value of 0.46 ng/ml. There is no statistically significant difference ( P<0.05) between all three groups for progesterone level till day 12. After day 12 level of progesterone remained constant in pregnant cows, futhermore there are high, significant and strong positive correlations between level of pregnancy at day 12. and 21. (r>0,71;p<0,05). On contrary, level of progesterone decreased in both nonpregnant groups (noninseminated and nonpregnant)  till day 21 and there are no positive corelations between level of progesterone at day 12 and day 21 (r<0,5; p>0,05).

We analysed level of leptin keeping in mind lactation flow, body condition score and body weight of each cow. We collected data for each cow and compared it individually.  Low weight cows (cca <500 kg) showed significantly lower leptin concentrations than high weight cows (cca >600 kg) High and low producing cows showed differences in leptin concentrations  while high producing cows ( 20 l and more) showed significantly lower plasma leptin concentrations than low producing cows (less than 20 l)  (P < 0.05).  On the other side it seemed that pregnancy didn't interferre with leptin concentration while we didn't notice significant differences among the groups and there was no strong positive correlation between pregnancy and increase of leptin in blood. Individual curves for leptin during first month of pregnancy, after A.I. and gestation failure or physiologically after oestrus in noninseminated cows has shown different variations depends of BCS, lactation curve and body weight, but it was independent of reproductive status of the animal.It is interesting that cows with higher level of progesterone also had higher level of leptin. 
Discussion:
As shown in results it is easy to see that progesterone concentration was lower in cows failing to conceive than in those becoming pregnant and increased significantly with increasing plasma leptin concentrations.There was no change in plasma leptin concentrations throw the sampling period in any group. Furthermore, plasma leptin concentrations were not different between pregnant, inseminated but nonpregnant and not inseminated cows. There was no correlation between plasma leptin and plasma progesterone. The results demonstrate that while a relationship may exist between leptin and progesterone in lactating cows, in the absence of the high metabolic load of milk yeald there appears to be no relationship betweeen leptin and either plasma progesterone or early embryo development. Although many authors described and explained important role of leptin in embrionic survival rate and fetal development in other species of domestic animals and esspecially ruminants (like sheep)  it is difficult to say how it interferres with embrionic survival in cows. Namely, high demands of lactation, changes in metabolism and BCS (body condition score), positive and negative energy balance changes physiologically amount of body fat in dairy cows and  modifies leptin concentration in blood. Or, better said, it is probably possible that leptin plays similar role in early embrionic development in cows just as it plays in other ruminants but because of high milk production, changes in metablism and specific needs of dairy cows it is hard to prove it only on basis of leptin level in blood. Even when we take only animals of similar body weight, age and reproductive status and try to compare them on basis of their reproducitve status, body weight and lactation flow, we still  don't have clear explanation. It is quite different with progesterone which remains  higher in blood and delays next oestrus for 5-6 days in next cyclus after conception and embrional mortality, like already explained by Plante et al. (1989.). In our study we didn't find significant difference between noninseminated and inseminated but nonpregnant cows in progesterone concentration  during the first month after oestrus and /or A.I. what leads us to conclusion that cows failed to conceive or embryo died soon after conception. It is also proven with ultrasound finding at day 17 which confirmed pregnancy only in animals that stayed and remained pregnant. Later ultrasound findings and level of progesterone in blood have shown normal gestation flow. We can conclude that role of leptin in early pregnancy in cows remains unclear but combination of ultrasound and laboratory data could be valuable tool in pregnancy detection and investigation in dairy cows and definitely helps in better understanding of all mechanisms involved in delicate interactions between the dam and her conceptus.
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