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  INTRODUCTION 
Recovery of function after pregnancy and parturition of 
both the hypothalamic-pituitary-gonadal (HPG) axis and 
the genital tract is an important event for resumption of 
ovarian activity (Malven, 1984). It occurs during the first 
three weeks after parturition in cattle (Savio et al. 1990). 
The return to ovarian function of early postpartum cows 
requires optimal conditions for several metabolic and endo-
crine factors. Progesterone (P4) is considered a marker of 
luteal function, since the formation of a corpus luteum is 
considered a sign of ovarian resumption (Roche et al. 
2000). The concentration of P4 remained minimal until 
after formation of the first postpartum corpus luteum 

(Lewis, 1997), and increased to more than 1.0 ng/mL blood 
within 2-3 days after the first ovulation (Stevenson and 
Britt, 1979).  

Environmental stress was believed to be the main factor 
associated with the delayed ovarian resumption (Schopper 
et al. 1989; Opsomer et al. 1996; Breen and Karsch, 2004). 
However, many papers have investigated the effect of corti-
sol on the HPG axis through studying its effect on the pul-
satility of gonadotropin-releasing hormone (GnRH) 
(Oakley, 2009) and / or the secretory function of the pitui-
tary gonadotrophs (Daley et al. 1999; Breen and Karsch, 
2006; Oakley, 2009). Effect of stress-induced rise of corti-
sol on the follicular (Breen et al. 2005; Oakley, 2009) and 
luteal activities (Rueda et al. 2000; Andersen, 2002; Myers 
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et al. 2007) were also studied. However, the question re-
mains: in absence of stress, what is the role of cortisol in 
postpartum cyclic cows after ovulation? Rueda et al. (2000) 
suggested that cortisol may play a role in the corpus luteum 
as an anti-apoptotic factor in the bovine luteal cells. Fur-
thermore, the corpus luteum was thought to have the poten-
tial to respond to a locally generated cortisol (Michael et al. 
2003).  

Several studies have believed in the luteotropic role of 
cortisol in the regulation and remodelling of the corpus 
luteum (Tetsuka et al. 2003; Myers et al. 2007) and stimu-
lation of P4 secretion (Kawate et al. 1993). The present 
study aims to determine the profiles of cortisol in postpar-
tum resumption and non-resumption cows based on a rise 
of P4 concentrations in blood. Furthermore, cholesterol 
profiles were also studied as a precursor for all steroids 
including P4 and cortisol. 
 

  MATERIALS AND METHODS 
Animals 
Twenty two healthy Holstein pluriparous cows (age 2-5 
years, mean body weight (BW), 250 kg) were used. The 
cows were housed on a semi-closed dairy farm provided 
with shadows in Qena city, Egypt. They were fed enough 
hay and concentrates from 08:30 to 09:30 am and from 
16:30 to 17:30 pm daily. The concentrates were given ac-
cording to the BW of each cow and the residuum of hay 
was removed at each feeding time. Water was available 
continuously. The cows delivered from March 18 to April 
20. All cows delivered normally without intervention and 
body condition scores averaged 2.5 from the day of calving 
and throughout the postpartum period of study. The animals 
were artificially milked twice daily at 06:00 and 18:00. The 
milk yield per cow averaged 2500 kg in the lactation period 
(305 days). The cows were clinically examined once a 
week up to 45 days after calving by visual inspection, rectal 
palpation and vaginoscopy.  

The examination covered the animal’s general condition, 
uterine involution, and vaginal secretions. Expression of 
oestrus signs during the postpartum period were believed to 
be declined (Lucy et al. 2007; Peter et al. 2009) mainly 
during the transition period (first three weeks). Therefore, 
detection of oestrus was not involved in our study. How-
ever, most cows passed the postpartum period without any 
gross abnormalities in the reproductive system. The twenty 
two cows were divided into two groups; ovarian resump-
tion and non-resumption group according to serum P4 con-
centrations during the first three weeks post-calving. The 
former group was characterized by elevated serum P4 con-
centrations (P4>1.0 ng/mL), however, those in the latter 
group remained low (P4<1.0 ng/mL). Thus, fluctuations in 

serum P4 levels could reveal the state of postpartum ovarian 
activity during the period of our study. Because of meta-
bolic disorders, lameness and mastitis that could be predis-
posing factors for stress during the postpartum period, the 
number of cows used decreased from 22 to 19 at 31 days 
after parturition, and to 18 and 16 at 38 days and 45 days 
after parturition, respectively. 

 
Experimental design 
The study of postpartum cortisol profile in our experiment 
is based on excluding the stress factors that increase the 
levels of cortisol in blood, mainly heat stress factor and the 
postpartum metabolic disorders. Data on ambient tempera-
ture and humidity were obtained from the meteorology sta-
tion of Qena city located near the farm. A maximum tem-
perature humidity index (THI) was calculated from the am-
bient temperature and humidity using an equation reported 
previously (Thom, 1959; Hahn, 1969; Mc Dowell et al. 
1979). Postpartum luteal function and ovarian resumption 
was diagnosed based on a rise in the serum P4 concentra-
tion (P4>1.0 ng/mL) during the postpartum transition pe-
riod (first three weeks after calving). However, blood sam-
ples were collected throughout the 45-day postpartum pe-
riod on days 1, 6, 12, 18, 31, 38, and 45 after calving to 
follow up the hormonal profiles. Three millilitres of jugular 
venous blood was collected into a vacutainer tube at 08:00 
each day. The blood samples were left to coagulate for 30 
minutes and centrifuged at 3000 rpm. (2500×G) to obtain 
serum. The sera were stored at -20 °C until assayed. The 
concentrations of P4, cortisol and cholesterol in the serum 
were measured. 

Measurement of P4, cortisol and cholesterol concentra-
tions P4 and cortisol were extracted from serum with ethyl 
ether, and their concentrations in the extracted fraction 
were measured using commercially available enzyme im-
munoassay kits (Biocheck, Inc 837 Cowan Rd, Burlingame, 
CA 94010 and Human Gesellschatt fur Biochemica und 
Diagnostica mbH Max-Planck-Ring 21, D-65205, Ger-
many, respectively). Cholesterol was assayed by the spec-
tro-photometer using a commercial kit (Biomerix, choles-
terol RTU, 07986 D-GB-05/2031, France). All samples 
were assayed in a single run, and the intra-assay coefficient 
of variation was less than 10. 

 

Statistical analysis 
All data are presented as the mean ± SEM The statistical 
significance of differences in serum P4, cortisol and choles-
terol concentrations between the ovarian resumption and 
non-resumption groups was determined with Student’s t-
test. Correlations among data on THI, P4, cortisol and cho-
lesterol throughout the postpartum period were also calcu-
lated. All data were analyzed using graph pad prism (graph 
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pad software, San Diego, CA, USA). Results were consid-
ered significant at P<0.05 
. 

  RESULTS AND DISCUSSION 
Temperature humidity index (THI) 
A record of THI during the period of study from March to 
June covers the dates of parturition from March to April, in 
the 22 Holstein cows studied, and the subsequent 45 days 
of exposure to environmental conditions. 

The mean ambient temperature in March, April and May 
was 20.6 °C, 20.9 °C and 25 °C, respectively, while mean 
humidity was 37.4%, 31.6% and 25.4%, respectively. 
However, the THI averaged 66.6 throughout the period of 
study. 
 
Postpartum P4 profile and luteal function 
The postpartum P4 profile for 45 days after parturition is 
shown in Figure 1. The twenty two cows were divided into 
two groups according to serum P4 concentrations at the 18th 
days post-calving. Serum P4 concentrations in 11 of the 22 
cows were elevated (P4>1.0 ng/mL), however, P4 concen-
trations in the other 11 cows remained low (P4<1.0 ng/mL). 
A significant difference in P4 concentrations between re-
sumption and non-resumption cows at the 18th days after 
calving was found (3.1±0.7 vs. 0.6±0.05 ng/mL, respec-
tively) (P<0.05). Thus, according to the fluctuations in se-
rum P4 levels, half of the 22 cows were considered to have 
a resumed ovarian activity during the postpartum period. 
 
 
 
 
 

 
 
 

 
 
 
Figure 1 Serum progesterone (P4) profile from calving to 45 days postpar-
tum  
Ovarian activity was evaluated using P4 concentrations during the 21 days 
after parturition (P.P. transition period) 
Cows with P4 concentrations of more than 1.0 ng/mL were placed in the 
ovarian resumption group (n=11) and those of less than 1.0 ng/mL were 
placed in the non-ovarian resumption group (n=11)  
a is significantly different from b (P<0.05) 
Each value during the 1st, 6th, 12th and 18th days after calving represents the 
mean ± SEM for 11 cows. Other values from 31 to 45 days after calving 
represent the mean ± SEM for 7 to 11 cows 

 
Postpartum cortisol and cholesterol profiles  
The postpartum cortisol and cholesterol profiles throughout 
the 45 days after parturition are shown in Figure 2 and Fig-

ure 3 respectively. Serum cortisol concentrations were sig-
nificantly higher (P<0.05) in the cows in which luteal func-
tion resumed, on days 12, 18, 31 and 38 after calving 
(56.9±9.0 (n=11) vs. 20.4±3.8 (n=11), 63.0±15.4 (n=11) vs. 
26.5±4.9 (n=11), 97.1±24.3 (n=8) vs. 43.6±7.4 (n=11), 
110.3±12.2 (n=7) vs. 54.3±14.9 (n=11), respectively). Se-
rum cholesterol concentrations were significantly lower 
(P<0.05) in the animals in which luteal function resumed, 
on days 1, 6, 38 and 45 after parturition (92.4±10.5 (n=11) 
vs. 150.9±17.2 (n=11), 82.8±8.1 (n=11) vs. 137.1±19.1 
(n=11), 134.4±13.0 (n=7) vs. 185.0±12.0 (n=11), 
156.0±13.7 (n=7) vs. 219.6±13.2 (n=9), respectively).  
 
 
 
 
 
 
 
 

 
 
 
Figure 2 Serum cortisol profile from calving to 45 days after calving in 
ovarian resumption and non-resumption cows 

 
 

 
 
 

 

 
 
 

 

 
Figure 3 Serum cholesterol profile from calving to 45 days after calving in 
ovarian resumption and non-resumption cows 

 
Mean serum cortisol concentrations during the postpar-

tum transition period were significantly higher (P<0.05) in 
the resumption than non-resumption (52.3±5.1 (n=11) vs. 
29.0±2.9 (n=11)); in contrast, mean serum cholesterol con-
centrations were significantly lower in the resumption 
group (52.3±5.1 vs. 92.4±6.2, n=11) (Figure 4). 

 
THI, P4, cortisol and cholesterol-linear regression 

Linear of regression (r2) between the parameters (THI, P4, 
cortisol and cholesterol) in the ovarian resumption and non-
resumption groups during 45 days after parturition are 
shown in the Table 1. Concerning environmental THI from 
late March to early June, neither group of cows showed a 
significant correlation between THI and the other parame-

1 6 11 16 21 26 31 36 41 46
0

1

2

3

4

Resumption  cows
Non- resumption  cows

a

b

P.P. Transition  period

Days after parturition

S
er

um
 P

4
(n

g/
m

l)

 

1 6 11 16 21 26 31 36 41 46
0

25

50

75

100

125

150

R esum ption  cows
Non- resum ption   cows

P.P. Transition  period

a
a

b
b

a
a

b
b

Days after parturition

S
er

um
 c

or
tis

ol
 (

ng
/m

l)

1 6 11 16 21 26 31 36 41 46
0

50

100

150

200

250

Resumption  cows

Non- resumption  cows

P.P. Transition period

a
a

b b

a

a

b
b

Days after parturition

S
er

um
 c

ho
le

st
er

ol
 (

m
g/

m
l)



Cortisol and Ovarian Activity Postpartum in Holstein Cows 

  
  

 470-465, )3(3) 3201(Animal Science Applied  ofIranian Journal   468 

ters (P4, cortisol and cholesterol), excluding the effect of 
THI fluctuations on the studied profiles. In the ovarian re-
sumption group, cholesterol showed significant regression 
with both P4 (r2=0.164*, P<0.05) and cortisol (r2=0.154*, 
P<0.05). However, in the non-resumption group, choles-
terol had a significant regression with P4 (r2=0.084*, 
P<0.05) and showed no correlation with cortisol. Also, the 
linear regression between P4 and cortisol was significant in 
the ovarian resumption group than non-resumption group 
throughout the postpartum period (r2=0.1082* vs. 0.0083, 
respectively).  
 
 
 

 
 
 

 
 

 
 
 
Figure 4 Mean serum cortisol and cholesterol concentrations during the 
P.P. transition period in ovarian resumption and non-resumption cows  
* P<0.05 compared with non-resumption cows 
Each value represents the mean ± SEM for 11 cows 

 
Stress was believed to have a negative effect on the secre-
tion of pituitary gonadotropins through the stimulated se-
cretions of adrenal glucocorticoids (Bearden et al. 1992; 
Breen and Karsch, 2004).  

The environmental condition during the period of our 
study, from late March to early June, is considered the most 
favourable condition for animal health and biological ac-
tivities according to the values of THI which showed no 
significant correlation with P4, cortisol / or cholesterol ei-
ther. This could exclude the effect of heat stress on the 
studied parameters and cortisol mainly. In general, gluco-
corticoids were suggested to enhance the secretion of P4 
(Kawate et al. 1993) which was evidenced by the expres-
sion of glucocorticoid receptors by luteal cells (Sugino et 
al. 1997). Several papers have investigated the effect of 
cortisol on the luteal function. It was thought to be an an-
tiapoptotic factor in the corpus luteum (Rueda et al. 2000) 
and play a luteotropic role in the regulation and remodel-
ling of the luteal cells (Tetsuka et al. 2003; Myers et al. 
2007). However, the ovarian biosynthesis of cortisol is still 
unclear. Andersen, (2002) stated that ovaries lack the nec-
essary enzymes for cortisol synthesis while others have 
suggested that the corpus luteum has the potential to re-
spond to a locally generated cortisol (Michael et al. 2003). 
In our study, the concentrations of P4 and cortisol were 
lowest on days 1 and 6 after parturition, which agreed to a 

previous study stated that plasma corticoid levels decreased 
following parturition and plasma P4 remained at a low level 
from parturition until first estrus (Echternkamp and Hansel, 
1973). Furthermore, significantly higher concentrations of 
cortisol were observed in cows in which ovarian activity 
was resumed during the postpartum period.  

In which, a significant correlation was observed between 
cortisol and cholesterol concentrations while P4 concentra-
tions tended to correlate with cortisol concentrations in the 
ovarian resumption group throughout the postpartum pe-
riod. These findings suggest that there is a strong relation-
ship between cortisol and luteal function during the post-
partum period in cows. Since the formation and function of 
the corpus luteum was suggested to benefit from a high 
local concentration of free cortisol (Andersen, 2002). Al-
though it was reported that high concentrations of cortisol 
in blood during stress suppressed the release of pulsatile 
GnRH (Breen and Karsch, 2004) or inhibited its effect on 
the ovary, according to our findings we suggest that cortisol 
may play an important role in the regulation of the oestrous 
cycle and maintenance of the corpus luteum. However, 
additional research should be performed to examine the 
mechanism of luteolysis under a stress-induced cortisol 
condition.  

 
 
 
 
 

 
 
 
The cholesterol profile in serum was investigated be-

cause cholesterol is a precursor of all steroid hormones like 
glucocorticoids (Gwazdauskas et al. 1972) and P4 (Spicer 
and Echternkamp, 1995). The plasma cholesterol concen-
tration was found to steadily increase after parturition 
(Spicer et al. 1993) and undergo cyclic changes during oes-
trus in miniature pigs (Lussier-cacun et al. 1977). The pat-
tern was characterized by a marked decline in plasma cho-
lesterol concentrations during the luteal phase and the total 
cholesterol level decreases during pregnancy when the 
plasma P4 concentration is very high (Wolf et al. 1967).  

However, our results revealed that the level of choles-
terol was directly proportional to the increase in not only P4 
but also cortisol in the post-partum cyclic luteal phase 
(P4>1.0 ng/mL). On the other hand, it was stated that the 
plasma cholesterol concentration alone cannot be used to 
predict the postpartum ovarian activity and luteal function 
because it is closely correlated with other factors like glu-
cose, milk fat and protein (Francisco et al. 2003). The dif-
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Table 1 Linear regression among temperature humidity index (THI), 
progesterone (P4), cortisol and cholesterol 

Ovarian resumption cows Non-resumption cows 
Index 

P4 
Corti-

sol 
Cho-

lesterol 
P4 

Corti-
sol 

Choles-
terol 

THI 0.025 0.005 0.017 0.008 0.0002 0.0002 

P4 - 0.108* 0.164* - 0.008 0.083* 

Cortisol - - 0.154* - - 0.022 
* (P<0.05). 
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ference in the serum cholesterol concentrations between the 
groups may be due to other factors related to lactation and 
dry matter intake which could explain the significantly 
lower concentrations of cholesterol in the ovarian resump-
tion group. Thus, utilization of cholesterol appears to be 
essential and closely related to the ovarian activity during 
the luteal period and additional research is required to in-
vestigate more precisely the cholesterol uptake by the ovar-
ian cells during the luteal phase of the oestrous cycle in 
relation to other metabolic factors like glucose. 

In conclusion, cortisol was stated to regulate the dynam-
ics of ovulatory follicles (Andersen, 2002; Acosta et al. 
2005) and have a positive influence on the luteal function 
during oestrus (Duong et al. 2012) or pregnancy (Myers et 
al. 2007; Duong et al. 2012). Therefore, the present study 
could support the previous studies for the importance of 
cortisol in the maintenance and function of the luteal life 
span, and that cholesterol is relevant indicator of luteal 
function during the puerperium period in cows which re-
quires more research. 
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