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Influence of Age, Body Weight and Body 
Condition on Plasma Leptin Concentrations in 
Beef Cattle 
G.T. Gentry, Reproductive Biology Center, J.A. Roberts, L.R. 
Gentry and R.A. Godke, School of Animal Sciences 

 
Findings 
• Leptin concentrations are positively 

correlated with body condition scores 
in beef cattle. 

• Leptin concentrations are not 
correlated with age in beef cattle. 

• Leptin concentrations are lower in 2-
year old cows compared with yearling 
heifers. 

 

Introduction 
Reproductive competence is one of the 

most important components in the overall 
management of a cow-calf operation. The 
ability to maintain a 365-day calving interval 
in a high percentage of the females 
influences the profitability of all breeding 
operations. In most cases, low reproductive 
efficiency can be directly linked to the 
nutritional status of the animal(s). Research 
has shown that poor nutrition results in 
longer intervals from calving to first estrus 
and subsequently compromises the desired 
yearly calving interval in beef cattle. 

Leptin was first described as a 146 
amino acid protein that was produced by the 
obesity gene. Early hopes were that leptin 
would be the “cure all” for human obesity. 
Therefore, most leptin research has been 
directed toward understanding its role in 
body adiposity and energy balance in 
humans. It is now generally accepted that 
leptin is produced mainly by adipose tissue 
and relays information to the brain 
concerning the amount of energy stores and 
activates areas of the brain that regulate 
energy uptake and expenditure. The 
effect(s) of body fat and body mass on the 
circulating levels of leptin has been 
extensively studied all with similar findings, 

as body fat increases circulating leptin also 
increases. 

In beef cattle, body condition scoring is 
a good indicator of available energy 
reserves and it has now been established 
that mature cows that calve at a body 
condition score of 5 to 7 will rebreed earlier 
the following breeding season. It has also 
been reported that cows having a short 
postpartum interval (30 to 37 days) had 
higher circulating leptin levels than did cows 
having a longer postpartum interval (78 to 
132 days). Therefore, the objective of this 
report is to present data on circulating leptin 
levels in south Louisiana beef cattle based 
on age and body condition. 

Materials and Methods 
Sixty days after weaning their calves, a 

group of 63 pregnant beef females were 
used in this study. All females were 
evaluated for circulating leptin levels by age 
and production groups. For this study, 
females that were <2 years of age were 
classified as ‘heifers’ and females that were 
≥2 years of age were classified as ‘cows’. 
These females were assigned to production 
groups based on age as follows: heifers (<2 
years of age), 2-year old cows (between 2 
and 3 years of age), young cows (between 
3 and 6 years of age) and old cows (older 
than 6 years of age).  The overall mean 
age, weight and body condition score for all 
females used in the study are shown in 
Table 1.  Females that received a body 
condition score of <6 were classified as the 
‘lower’ body condition group (low) and 
females that received a body condition 
score of ≥6 were classified as the ‘higher’ 
body condition group (high). At 60 days 
following calf weaning, blood samples were 
collected from each female and placed on 
ice until centrifugation. Plasma was 
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recovered from blood samples and 
analyzed for leptin using 
radioimmunoassay.   

Data were analyzed using the Statistical 
Analysis Software (SAS). The MIXED 
procedure was utilized to obtain the least 
square means. These means were used to 
determine differences between groups for 
leptin concentrations. Correlations (r) were 
determined using the CORR procedure. 
Differences in body condition scores were 
determined using the Mann-Whitney Rank 
Sum Test of Sigma Stat. An alpha level of 
0.05 was used to determine statistical 
significance among mean values.  

Results and Discussion 
In this study leptin levels were not 

influenced by the age or body weight of the 
beef cows, however, leptin concentrations 
decreased as young females progressed 
into the calf production phase [from 1-year 
old heifers (8.9 ng/ml) to 2-year old cows 
(6.0 ng/ml)]. This finding was not surprising. 
Even though blood samples were taken 60 
days after the calves had been weaned, 
more 2-year old cows raised a calf the 
previous calving season compared with 1-
year old heifers. Thus the 2-year old cows 
had not yet gained body fat that had been 
lost during lactation. While these 2-year old 
cows were still growing, available energy 
had been partitioned into maintenance, 
lactation and growth during the previous 
months, whereas, the 1-year old heifers did 
not have the burden of lactation and all 
energy was utilized for growth and 
development. This hypothesis is further 
supported by higher body condition scores 
in the 1-year old heifers compared with the 
2-year old cows, and a positive correlation 
(r=0.41) between plasma leptin 
concentration and body condition scores. 
Mean leptin levels for experimental females 
are depicted in Table 2. 

Annually, over 24% of beef cattle are 
culled as a result of pregnancy status. In the 
present study, heifers and cows were 
pregnancy checked in September and open 
females were removed from the herd at 

weaning. When this type of culling 
procedures are followed, females that lack 
the body condition following lactation to 
initiate reproduction and successfully 
rebreed would subsequently be removed 
early as 2- and 3-year olds leaving the more 
fertile females in the breeding herd. We 
propose that because of these culling 
practices, females that have lower leptin 
levels were previously culled and were not 
in the herd for sampling during this study. 
This reasoning is further supported by a 
negative correlation between age and 
plasma leptin concentrations in yearling 
heifers and 2 year old cows.  

In our study, cows with body condition 
scores of ≥6, regardless of age group, had 
higher plasma leptin concentrations (10.1 
ng/ml) when compared with cows with body 
condition scores of <6 (7.4 ng/ml).  These 
results support findings that beef females 
need to attain adequate body condition at 
calving to successfully rebreed during the 
subsequent breeding season. It is generally 
accepted that the functionality of the 
reproductive system is reduced in 
nutritionally restricted ruminants as a result 
of decreased circulating luteinizing hormone 
(LH ) concentrations, as well as a decrease 
in LH pulse frequency, negatively impacting 
follicle growth. Perhaps there is a critical 
level of leptin needed to trigger the release 
of LH for follicular maturation and ovulation.  

Prior studies have not fully 
characterized the mechanisms linking 
metabolic status to LH secretion but have 
shown that changes in body fat have been 
associated with changes in reproductive 
activity. It is possible that pulsatile LH 
release is regulated by specific metabolites 
and/or metabolic hormones that reflect 
nutritional status. Our understanding of how 
the central nervous system quantifies 
information relating to nutritional status into 
neuroendocrine signals that control 
reproduction in cattle is limited by a lack of 
information on the nature of neurons 
controlling LH release in this species.  
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In the present study plasma leptin 
concentrations in mature cows (4- to 11- 
years old) were not influenced by age. 
However, as body condition scores 
increased, significant increases in 
circulating leptin concentrations were 
observed. The driving force behind 
reproduction is nutrition. Therefore, if culling 
practices based on pregnancy eliminate the 
nonproductive cattle from the herd by the 
time the females reached 4-years of age 
most animals that are not efficient at 

converting forages to energy have already 
been removed leaving only the most 
efficient and fertile females.  

We believe that culling practices may 
indirectly select for females with levels of 
leptin high enough to meet the critical 
demand for the release of LH and 
subsequent ovarian function. More studies 
are needed to determine the role leptin 
plays in reproduction of beef cattle.

 

 
 
Table1.  Overall mean body weights and body condition scores for the different 
female production groups used in this experiment. 

Age n Mean1 Range 

 1 to <2 (Heifers): 15   

 Weight (lbs) 500 ±  11 433 - 572 

 Body condition scores 2 5.1 ± 0.13  4 - 6  

≥2 to <3 (Cows): 18    

 Weight (lbs) 657 ± 10 598 - 759 

 Body condition scores 2 4.4 ± 0.12  4 - 5 

  4 to 6 (Cows): 17    

 Weight (lbs) 1344 ± 66  1025 - 1804 

 Body condition scores 2 6.1 ±0.30  4 - 8 

  7 to 11 (Cows): 13    

 Weight (lbs) 1346 ± 66  1111 - 1740 

 Body condition scores 2 5.6 ± 0.40  4 - 8 
1 Mean ± SEM. 
2 Body condition score (1= emaciated to 9 = obese) using the Wagner Body Condition      
Scoring System (Wagner, 1988). 
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Table 2.  Overall mean plasma leptin concentrations by female production groups. 

Age (years) n Mean plasma leptin (ng/ml)1

Heifers:    

  1 to <2  15 8.9  ± 0.88a 

Cows:    

 ≥2 - <3 18 6.0  ± 0.80b 

    4 - 6 17 7.9  ± 0.83a,b 

    7 - 11 13 8.4  ± 0.94a 

1Mean ± SEM. 
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Circulating Leptin Levels in Lactating and 
Nonlactating Beef Females following Artificial 
Insemination 
G.T. Gentry, Reproductive Biology Center,  L.R. Gentry, J.E. 
Rowntree and R.A. Godke, School of Animal Sciences 

 
Findings 
• Lactating cows had lower plasma 

leptin concentrations compared with 
nonlactating cows. 

• Mean plasma leptin concentrations 
were higher for open females 
compared with those pregnant from AI 
and the clean-up bull. 

• Age did not affect plasma leptin 
concentrations with 2-year old cows 
exhibiting similar plasma leptin 
concentrations compared with 3-year 
old cows. 

• Environmental factors can influence 
circulating leptin level regardless of 
reproductive state. 

 

Introduction 

It has been proposed that the hormone 
leptin, which is secreted by adipose tissue, 
is needed to initiate reproductive processes 
in most mammals. It is also generally 
accepted by the scientific community that 
leptin acts as a satiety signal (i.e., when 
leptin is high food intake is reduced). 
However, few studies have characterized 
circulating leptin levels in beef females 
during the breeding season and its effects 
on reproduction. Preliminary research 
conducted at the Reproductive Biology 
Center has shown that heifers that became 
pregnant to fixed time artificial insemination 
(AI) had higher leptin levels at 
synchronization than did females that did 
not conceive to AI. Because leptin is 
primarily produced by adipose tissue, this 
finding was not surprising. Studies 
conducted at the LSU AgCenter have 
shown that heifers need to be at least at a 
body condition score of 6 at the beginning of 

the breeding season to ensure acceptable 
pregnancy rates. Other studies have 
indicated that increased circulating leptin 
may be associated with decreased 
postpartum intervals in beef cows. 

A better understanding of leptin’s effects 
on reproduction may lead to management 
practices that could increase reproductive 
efficiency in beef cattle. Therefore, the 
purpose of this experiment is to characterize 
circulating leptin levels in beef females 
following fixed-time AI and examine the 
effect of this potent hormone on pregnancy 
and lactation. 

Materials and Methods 

Data were collected on a group of 63 
crossbred females (¼ Brahman, ¼ 
Hereford, ½  Angus), with an average body 
weight of 820 lb, an average age of 2 years 
and a mean body condition score of 4.8 (1 = 
emaciated and 9 = obese) for 56 days 
following AI. All females had free choice 
access to ‘Alicia’ bermudagrass pasture and 
were supplemented with good quality hay 
ad libitum. 

All females were synchronized during 
the spring breeding season (April) for fixed 
timed AI using the CIDR CoSynch protocol, 
with AI occurring 48 hours after CIDR 
removal. All females were administered a 
100 µg intramuscular injection (im) of GnRH 
(Cystorelin) and received a bovine Easi-
Breed CIDR on day 0. On day 7 all females 
received a 25 mg injection (im) of Lutalyse, 
and given a 100 µg injection (im) of GnRH 
and the CIDR was removed. Forty-eight 
hours following CIDR removal all females 
were artificially inseminated. All females 
were inseminated with frozen-thawed 
semen from the same sire by the same AI 
technician.  
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All females were weighed and assigned 
a body condition score at initial processing 
prior to estrus synchronization (April). 
Females were blocked and assigned to 
treatment groups based on age and 
lactation status. Females that were <2-
years of age were classified as ‘heifers’ and 
females that were ≥2-years of age were 
considered ‘cows’. Females were grouped 
for circulating blood leptin concentration 
comparisons as ‘lactating’ or ‘nonlactating’ 
and females pregnant from AI, females that 
became pregnant from clean-up bulls 
(Clean-up) and females that did not become 
pregnant following AI and clean-up bulls 
(Open). 

Starting 14 days post-AI, all females 
were weighed, assigned a body condition 
score and a blood sample collected (every 7 
days at 0800). Calves were allowed to 
nurse cows except during blood collection. 
Female reproductive tracts were 
ultrasonographically examined at 30 and 
105 days post-AI to establish reproductive 
status (pregnant AI, pregnant clean-up or 
open). 

Data were analyzed by the MIXED 
procedure of SAS. Least significant 
differences for means were determined and 
comparisons among the means were 
reported with a significance level of 0.05. 
Two models were analyzed: Model 1 
included 2- and 3-year old lactating and 
nonlactating cows, while heifers, 2- and 3-
year old nonlactating cows were used in 
Model 2. Body condition score (BCS) and 
plasma leptin concentrations were used as 
dependent variables in both models.  

Results and Discussion 

In our study, age did not affect 
circulating plasma leptin level in heifers (1.4 
ng/ml) or early postpartum cows (1.7 ng/ml).  
Our data also show that nonlactating 
females had higher mean plasma leptin 
concentrations (2.07 ng/ml) compared with 
lactating females (0.97 ng/ml; Figure 1), but 
there was no difference in mean plasma 
leptin concentrations when only pregnancy 
status was considered (pregnant AI, 1.17 

ng/ml; pregnant clean-up bull, 1.18 ng/ml; 
open 2.21 ng/ml; Figure 2). These data are 
in agreement with other reports in goats, 
rats, humans and dairy cows. Circulating 
leptin concentrations have been shown to 
be similar between pregnant and 
nonpregnant lactating primiparous goats 
(Bonnet et al.2005). However, leptin levels 
decreased in late pregnancy and early 
lactation in both pirmiparous (having only 
given birth once) and virgin does and 
remained low after drying off in pregnant 
primiparous goats, while leptin levels 
increased in nonpregnant goats. It has been 
proposed that in females, the low circulating 
leptin concentrations during transition from 
late pregnancy to lactation, and during late 
lactation, may be important for the 
partitioning of energy and nutrients towards 
essential functions while intake is not 
reduced (Block et al. 2001; Liefers et al. 
2003).  

In dairy cows, circulating leptin 
decreased from 35 days before to 56 days 
after parturition by approximately 50% and 
remained low during lactation, while 
nonlactating cows had twice the circulating 
leptin concentration as lactating cows. In 
another study, leptin concentrations in 
Holstein cows were high during pregnancy 
and then declined to the lowest levels 
measured at parturition. It would appear that 
levels of circulating leptin are associated 
with the state of energy balance during 
lactation since circulating leptin 
concentrations were lower in cows with a 
negative energy balance during lactation.  

It is our hypothesis that in pregnant 
heifers and adult cows, leptin may be 
repartitioned away from the general 
circulation, possibly to support a growing 
fetus and to increase BCS as lactation 
approaches. In mice, it has been shown that 
leptin binding factors in circulation 
sequester free leptin so intake is not 
reduced. Levels of binding proteins were not 
measured during this trial.  

Leptin release has been shown to 
closely follow circulating insulin levels in 
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cattle. Postpartum dairy cows exhibited 
positive correlations between circulating 
leptin levels and circulating concentrations 
of insulin and glucose. Blood leptin levels in 
postpartum dairy cows have been shown to 
be significantly reduced following 24 hours 
of feed restriction. Therefore, we believe 
that differences in leptin levels across 
sample days were partly due to available 
forage following precipitation during a period 
of drought. 

As expected body condition score in this 
study followed a similar pattern across 
sample days as did circulating leptin levels. 
We have also shown that nonlactating 
females had significantly higher BCS and 
leptin levels compared with lactating 
females. Other reports have also shown that 
circulating leptin concentrations are 
positively associated with body condition 
score, energy balance and body weight in 
dairy and beef cows.  
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Figure 1.  Overall mean plasma leptin concentrations of 2 year old and 3 year old
lactating and nonlactating crossbred postpartum beef cows. a,bBars with different 
superscripts are significantly different (P = 0.013).
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Figure 2.  Overall mean plasma leptin concentrations of 2 year old and 3 year old
lactating and nonlactating crossbred postpartum beef cows either pregnant from 
artificial insemination (AI), clean-up bulls or remaining open following the breeding 
season.
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The Use of Laser-Assisted Embryo Hatching Prior 
to the Transfer of Frozen-Thawed In Vivo 
Produced Beef Cattle Embryos 
M. K. Chiasson, J. Carter, K. R. Bondioli, R.A. Godke , School of 
Animal Sciences and G.T. Gentry, Reproductive Biology Center 

 
Findings  
• In this initial study, laser-assisted 

hatching prior to embryo transfer did 
not improve pregnancy rates of 
frozen-thawed in vivo-produced cattle 
embryos. 

 
 
Introduction 

Being able to successfully cryopreserve 
cattle embryos has become an integral part 
of assisted reproductive technology (ART).  
Freezing embryos allows for the efficient 
use of embryos year round in commercial 
cattle production systems and increases the 
opportunities to transport embryos to other 
locations for embryo transfer. Cryopre-
served bovine embryos decreases the need 
for locating suitable recipients at the time of 
donor embryo collection. Unfortunately, 
pregnancy rates following frozen-thawed 
embryo transfers are often less than 
transferring fresh embryos to similar 
recipient cattle. 

The zona pellucida is a clear 
glycoprotein coat that surrounds 
mammalian eggs (oocytes). When a sperm 
penetrates through the zona pellucida 
during fertilization, a reaction occurs 
causing the zona to harden. After this 
reaction, the zona pellucida then blocks 
additional sperm from entering the oocyte 
during the completion of the fertilization 
process, which can cause abnormal 
fertilization and/or subsequent embryo 
development.  The zona pellucida is to 
protect the embryo as it travels through the 
oviduct into the uterus. The zona pellucida 
then remains around the developing 
embryos until after 8 days of age. As the 
embryos continue to develop in the uterus, 
most mammalian embryos shed the zona 
pellucida in a process known as ‘hatching’. 

If hatching of the bovine embryo (late 
blastocyst stage) does not occur within a 
time period in which the uterus is receptive, 
this results in embryonic mortality. 

 It is well accepted that freezing and 
thawing of cattle embryos can cause injury 
to the embryonic cells and thus, reduce their 
post-thaw viability. It has been proposed 
that the zona pellucida, that remained intact 
after thawing, would inhibit hatching of the 
already compromised embryo, thus leading 
to increased embryonic mortality in the 
recipient female. 

Studies in mice and humans have 
indicated that using assisted hatching 
(making a small opening in the zona 
pellucida) was beneficial in improving 
pregnancy rates from the transfer of frozen-
thawed embryos (Strohmer et al., 1992; 
Neev et al., 1995; Rink et al., 1996; 
Peterson et al., 2005; Balaban et al., 2006). 
Several approaches to assisted hatching 
have been evaluated over the years to thin 
the zona pellucida and promote the natural 
process of hatching (Cohen et al., 1991; 
Balaban et al., 2002; Primi et al., 2004; 
Kolbe et al., 2005; Jones et al., 2005; Sifer 
et al., 2006; Lan et al., 2008). 

Assisted hatching of embryos has been 
attempted by various chemical, enzymatic 
and mechanical manipulations. Laser-
assisted hatching has been proposed as a 
more reproducible, controlled and 
technically easier method. The objective of 
this preliminary study was to determine if 
laser-assisted hatching would improve 
pregnancy rates of frozen-thawed cattle 
embryos. 

Experimental Procedure 
All Hereford embryos (n = 64) used in 

this study were nonsurgically collected from 
Hereford donor females from one herd 
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during 2002 and 2003 and frozen in 0.25 
milliliter plastic straws using direct transfer 
freezing method. Embryos were evaluated 
for stage of development and embryo 
quality prior to freezing by an expert embryo 
transfer technician. These embryos ranged 
from morula to blastocyst stages and were 
assigned embryo quality grades of 1, 2 and 
3 (1 = good to 3 = poor).  

Recipient animals used in this study 
were nursing, postpartum mixed-breed 
females with typical body condition scores 
ranging from 3 to 6. Recipients were 
synchronized using CIDRs (CIDR insertion 
on treatment day 0 and PGF2α on treatment 
day 7 at the time of CIDR removal). 
Following the synchronization protocol, 
estrus was detected twice daily for 3 days 
aided by Estrus Alert® heat detection 
patches.  

 Embryos were thawed in 1.0 Molar 
sucrose and then washed in a phosphate-
buffered saline with 10% fetal calf serum. 
After thawing, embryos were again 
evaluated for stage of development and 
embryo quality by a different embryo 
technician. These embryos ranged from 
morula to blastocyst stages and were 
assigned embryo grade scores of 1, 2 or 3 
(1 = good to 3 = poor) and then randomly 
allotted into either an assisted-hatched 
embryo group (Treatment A, n = 32) or 
intact control (no assisted hatching) embryo 
group (Treatment B, n = 32). The embryos 
in Treatment A received three adjacent 
laser rents, with an average cutting depth of 
5.05 µm in the zona pellucida, using the 
Hamilton Thorne XYClone® diode laser 
(Hamilton Thorne Biosciences, Beverly, 
MA). The computer-controlled laser was set 
at 90% power with a 600 µsecond pulse. 
The control embryos were handled similarly, 
but were not subjected to the laser pulse 
treatment. All embryos were then re-loaded 
into new 0.25 millimeter plastic straws and 
immediately transferred nonsurgically, by 
the same technician, into the recipient 
females on day 7 of estrous cycle (estrus = 
day 0), so that zona hatching could occur 
inside of the cow. Pregnancy was 

determined by ultrasonography at 35 days 
and again at 60-days of gestation. The 
results from the first year of embryo 
transfers (Replicate 1) from this multi-year 
study are presented herein. 

Results and Discussion 
The mean (± standard error) post-thaw 

embryo grades were 2 ± 2.66 and 2 ±1.94 
for the embryos transferred to recipients in 
Treatment A and Treatment B, respectively. 
There was no detectable negative effect of 
the laser pulses on the embryos in 
Treatment A.    

Pregnancy rates for recipient cows 
receiving laser-treated, frozen-thawed 
embryos (Treatment A) were compared with 
recipients receiving intact control, frozen-
thawed embryos (Treatment B). Pregnancy 
rates were 41% and 44% at days 35 of 
gestation and 28% and 41% at 60 days of 
gestation for Treatment A and Treatment B, 
receptively (Table 1).  

The calving rate from 60-day pregnant 
recipient cows receiving laser-treated, 
frozen-thawed Hereford embryos 
(Treatment A) was 89%. The calving rate 
from 60-day pregnant recipient cows 
receiving control, frozen-thawed Hereford 
embryos (Treatment B) was 77% (Table 2). 
No twin sets born in either embryo 
treatment group. Also, there was one calf 
born dead at the time of parturition in both 
the laser-treated and control groups (Table 
2).  The mean gestation lengths and birth 
weights for live calves born from Treatment 
A and Treatment B were 282 ± 29.36 days 
and 74 ± 22 lbs and 286 ± 34.03 days and 
77 ± 26 lbs, respectively.  

In this initial study, laser-assisted 
hatching prior to embryo transfer did not 
improve pregnancy rates of frozen-thawed 
cattle embryos. There were three more 
pregnancies lost between days 35 and days 
60 of gestation in the laser-treated group 
than the control group.  However, there 
were two more calves lost between 60 days 
of gestation and term in the nontreated 
control group than the laser-treated embryo 
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group. Unexpectedly, one calf was born 
dead in each of the two embryo treatment 
groups. Since there was no evidence of 
pathology involved in these cases, the 
reason(s) for these losses cannot be 
explained at this time. 

Further replications need to be 
conducted with a larger number of embryos 
to determine if there is any benefit to laser-
assisted hatching on subsequent pregnancy 
rates.

 

 
 
 
Table 1.  Pregnancy Results from Frozen-Thawed Beef Cattle Embryos.  

Treatment 
group 

35 Day  
pregnancies 

35 Day 
pregnancy rates 

% 
60 Day 

pregnancies 

60 Day 
pregnancy rates 

% 
Treatment A   

Laser-Assisted 
Group 

(n = 32) 

13 41 9 28 

Treatment B 
Control 

Group(n=32) 
14 44 13 41 

 
 
 
 
 
 
Table 2. Calving Results from Frozen-Thawed Beef Cattle Embryos. 
Treatment 

group 
# of Pregnancy        

at 60 days 
# Born alive 

(%) # Twins # Born dead 

Treatment A  
Laser-Assisted 

Group 
(n=32) 

9 8 (89) 0 1 

Treatment B  
Control  Group 

(n= 32) 
13 10 (77) 0 1 


