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The effect of exposure to heat-stress on postpartum ovarian cyclicity and

subsequent reproductive performance in Holstein lactating cows

Bunlue Kornmatitsuk *, *, Peerasak Chantaraprateep ", Sudsaijai Kornmatitsuk ?,
Hans Kindahl
* Faculty of Veterinary Science, Mahidol University, Phutthamonthon,
Nakhonpathom 73170 Thailand; ® University Council, Chulalongkorn University,
Patumwan, Bangkok 10330 Thailand; ° Department of Clinical Sciences, Swedish
University of Agricultural Sciences (SLU), SE-750 07 Uppsala, Sweden

Abstract——The present study was aimed to clarify the effect of heat-stress on
postpartum (PP) ovarian cyclicity and subsequent reproductive performance in
lactating cows. Thirty crossbred Holstein-Friesian cows (hot season; Mar-May, N=15
and cool season; Nov-Feb, N=15) were studied during 60 days PP. Body condition
scores (BCS), uterine involution and the ovarian structures were monitored once
weekly. Plasma samples were taken 3 times a week for progesterone (P4) and
prostaglandin F2o. metabolite (PGFM) analyses. The mean BCS was significantly
decreased in the cows during hot season (P<0.01), while it was not found in the cows
during cool season (P>0.05). The delayed uterine involution was observed in the cows
during hot season by 4 and 6 weeks PP, comparing to the cows during cool season. By
6 weeks PP, only 66.7% (10/15) of the cows during hot season showed the first
detectable corpus luteum, whereas 93.3% (14/15) of the cows during cool season were
noted. The numbers of normal PP ovarian cyclicity in the cows during hot and cool
seasons were 4/15 (26.7%) and 9/15 (60.0%), respectively. Moreover, the percentage
of abnormal luteal activity was higher towards the cows during hot season (P=0.07).
However, the levels of PGFM release was not statistically different between groups
(P>0.05). A tendency of the higher first Al conception rates (P=0.06) and the higher
pregnancy rate within 150 days PP was recorded in the cows during cool season
(P=0.03). In conclusion, the present study clearly illustrated the profound adverse
effect of exposure to heat-stress on BCS, uterine involution and PP ovarian cyclicity,

subsequently leading to decreased reproductive efficiency in Holstein lactating cows.

Keywords—Season; Ovarian activity; Endocrine; Postpartum cows
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Contents

The present study was aimed to clarify the effect of heat-stress on postpartum (PP)
ovarian cyclicity and subsequent reproductive performance in lactating cows. Thirty
crossbred Holstein-Friesian cows (hot season; Mar-May, N=15 and cool season; Nov-
Feb, N=15) were studied during 60 days PP. Body condition scores (BCS), uterine
involution and the ovarian structures were monitored once weekly. Plasma samples
were taken 3 times a week for progesterone (P4) and prostaglandin F2o metabolite
(PGFM) analyses. The mean BCS was significantly decreased in the cows during hot
season (P<0.01), while it was not found in the cows during cool season (P>0.05). The
delayed uterine involution was observed in the cows during hot season by 4 and 6
weeks PP, comparing to the cows during cool season. By 6 weeks PP, 66.7% (10/15)
of the cows during hot secason showed the first detectable corpus luteum, whereas
93.3% (14/15) of the cows during cool season were noted. The percentages of normal
PP ovarian cyclicity in the cows during hot and cool seasons were 26.7% (4/15) and
60.0% (9/15), respectively. Moreover, the percentage of abnormal luteal activity was
higher towards the cows during hot season (P=0.07). However, the levels of PGFM
release was not statistically different between groups (P>0.05). A tendency of the
higher first Al conception rates (P=0.06) and the higher pregnancy rate within 150
days PP was recorded in the cows during cool season (P=0.03). In conclusion, the
present study clearly illustrated the profound adverse effect of exposure to heat-stress
on BCS, uterine involution and PP ovarian cyclicity, subsequently leading to

decreased reproductive efficiency in Holstein lactating cows.
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Introduction

The reproductive efficiency of lactating cows in the tropical countries was remarkably
affected by the heat-stress conditions. Decreased reproductive performance was well-
recognized by a lower percentage of the first artificial insemination (Al) conception
rates and an increase of the calving to conception interval. The cows with exposure to
heat-stress had a reduction of the degree of dominance of the selected follicle
(reviewed by De Rensis and Scaramuzzi 2003) and subsequent to a lower production
of oestradiol. These were reported to be associated with a higher incidence of poor
expression of oestrus, anoestrus and silent ovulation in lactating cows (Badinga et al.
1993; Wolfenson et al. 1997; Bridges et al. 2005).

During the early postpartum (PP) period, the energy need of the cows for milk
production was greater than the energy consumed, resulting in a period of negative
energy balance. Opsomer et al. (2000) reported that the appearance of a severe
negative energy balance significantly increased the risk for delayed ovarian cyclicity
before service. Evaluation of body condition scores (BCS) was proposed as a useful
tool in nutritional management. Cows loosing body condition score > 1 unit (scales 1-
5) after calving showed a prolonged interval to commencement of luteal activity and
the cows were at a greater risk of having delayed first ovulation (Shrestha et al. 2005).
Monitoring of PP progesterone (P4) profiles offers an objective method for the
characterization of different ovarian disorders in lactating cows (Lamming and
Darwash 1998; Petersson et al. 2006). Several atypical P4 profiles were found and the
major categories consisted of delayed first ovulation or anovulation and prolonged
luteal phase (Opsomer et al. 2000; Shrestha et al. 2005). The cows with abnormal
ovarian cycles during early PP period had reduced subsequent fertility, as shown by
longer interval to first service, lower first Al conception rate, reduced pregnancy rate
and longer calving to conception interval (Shrestha et al. 2004; Hommeida et al.
2005). Moreover, lower plasma P4 levels during early luteal phase and delayed
luteolysis were associated with abnormal oocyte development and synchronous
development of the embryo during early pre-implantation period in dairy cows
(Wilson et al. 1998).

Thus, the objective of the present study was to clarify the effect of exposure to heat-
stress on BCS, time of uterine involution, PP ovarian cyclicity, principally based on

plasma P4 profiles and subsequent fertility in Holstein lactating cows.
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Materials and Methods

Animals and experimental designs

The present study was carried out at a commercial farm in a central region of
Thailand. Thirty crossbred Holstein-Friesian (HF, >75%) lactating cows, parity 1-5
were studied. The cows were characterized into 2 groups; 1) hot season; Mar-May,
N=15 and 2) cool season; Nov-Feb, N =15. They were kept in a free-stall system and
fed 4 times a day with total mixed ration. The daily maximum and minimum values of
temperature (°C) and relative humidity (%) during the studying period were collected
from 3 official meteorological stations (50-80 km apart) near the place, where the
farm was located. The temperature-humidity index (THI), recognized as a warm-
weather discomfort index, was calculated by combining the maximum temperature (t)
and the minimum relative humidity (h) with the following formula; THI = 9/5t + 32 —
11/2(1-h)(9/5t-26) (NOAA, 1976). The calculated mean variations of THI for hot and

coo] seasons were 78-83 and 84-87, respectively.

Clinical observations

Body condition scores (BCS), using a five-point scale with 0.25 increments, were
taken once weekly during 60 days PP. By the same frequency, the cows were
examined by rectal palpation for uterine involution. The uterine involution was
considered as complete, if the uterus returned to its normal size and location in the
pelvic cavity and no pathological changes of the uterus were observed by ultrasound
scanning. The cows were closely observed for vaginal discharge at the vulva and
perineal area. Endometritis was diagnosed by an experience veterinarian based on the
presence of mucopurulent vaginal discharge in the vagina more than 3 weeks after

calving with or without systemic symptoms.

Examination of the ovarian structures

The cows were examined once weekly, using the transrectal ultrasound technique. A
real time B-mode ultrasound scanner (Tringa Linear, Pie Medical Equipment B.V.,
Maastricht, The Netherlands) with 5/7.5-MHz rectal linear array transducer was used.
The presence and location of the corpus tuteum (CL) and follicle were mapped for
retrospective study. Diameter of each ovarian structure was measured by use of an

image freezer facility and electronic callipers, equipped with the ultrasound machine.
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Ovarian cyst was diagnosed as a follicle-like structure of 20-25 mm diameter,

presented at least 2 consecutive ultrasound scanning sessions.

Blood collection and hormonal analyses

Blood samples were taken 3 times a week from the coccygeal vein into heparinized
vacuumed glass tubes (Becton Dickinson, Bangkok, Thailand). After centrifugation at
1000xg for 15 min, plasma was harvested and stored at -20°C until hormone analyses
were performed. The P4 levels were determined by enzyme immunoassay technique
according to Munro and Stabenfeldt (1984). The intra- and inter-assay coefficients of
variation (based on 2 control sample values) were 8.0 and 14.0%, respectively. The
levels of the 15-ketodihydro-PGF2a. (PGFM) were quantified by radioimmunoassay
(RIA) technique according to Granstrém and Kindahl (1982). The lower detection
limit of the assay was 30 pmol/l for 0.5 ml plasma. The inter-assay coefficients of
variation was 14.0% (at 114 pmol/1), and the intra-assay coefficient of variation varied

between 6.6% and 11.7% at different ranges of the standard curve.

Subsequent reproductive performance

The subsequent reproductive performance were calculated based on the records of Al
during the studying period, which were noted regularly on paper and the input to the
computer was done once every second week, using Dairy Herd Improvement software
(Department of Livestock Development, Ministry of Agriculture and Cooperatives,
Thailand). A voluntary waiting period of 50 days was generally targeted, and the
cows detected in oestrus after this period were assigned to Al. The protocol for
synchronization of oestrus, using an intravaginal progesterone release device (Eazi
Breed® CIDR, InterAgri, Hamilton, New Zealand) was applied to the cows, which
were not observed in heat at about 60-70 days PP.

Statistical analysis

Descriptive data was presented as the mean and the standard errors of the mean (mean
+ SEM). The statistical analyses were performed by using a commercial statistical
analysis software (Minitab version 13.2 for windows, Minitab Inc., USA). Continuous
variables were analysed by the analysis of variance (ANOVA). Differences of the
means were obtained by -test. Categorical variables were analysed by Chi-square

test. For the PP duration of PGFM release, the mean basal value was calculated using
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a skewness method (Zarco et al. 1984). The mean basal value plus 2 standard
deviations (SD) was used as a cut-off level of significantly elevated PGFM release.
The correlation between 2 continuous variables was carried out using the Pearson’s

correlation analyses. Probability values of less than 0.05 were considered to be

significant.

Results

Clinical data

The mean BCS of the cows during hot season was changed over time (P=0.04),
whereas the changes of the mean BCS was not observed during cool season (P>0.05).
A greater decline of the mean BCS was recorded between 4-5 weeks PP in the cows
during hot season (P<0.01). The cumulative numbers of completion uterine involution
were 2/15 (13.3%) and 4/15 (26.7%) by 4 weeks PP and 7/15 (46.7%) and 10/15
(66.7%) by 6 weeks PP during hot and cool seasons, respectively. By 8 weeks PP, all
cows in both seasonal groups had complete uterine involution. The numbers of
endometritis were 4/15 (26.7%) and 1/15 (6.7%) by 4 weeks PP during hot and cool

seasons, respectively.

Examination of ovarian structures

Based on once weekly ultrasound scanning, the cumulative numbers of the cows with
the first detectable CL within 3 weeks PP were 1/15 (6.7%) and 3/15 (20%) during
hot and cool seasons, respectively. Ten out of 15 cows (66.7%) during hot season and
14/15 cows (93.3%) during cool season were recorded for the first detectable CL by 6
weeks PP. The first detectable CL was not observed in one cow during hot season
until 9 weeks PP. The distribution of the cows according to the number of ovulation

between 2 seasonal groups is shown in Table 1.

Table 1. Distribution of the cows with different number of ovulations within 60 days

PP during hot and cool seasons

Number of ovulations

0 1 2 3

Cowsin hot season (n=15)  2(13.3%) 7(46.7%) 4(26.7%) 2 (13.3%)
Cows in cool season (n=15) 0 (0%) 3 (20%) 10 (66.7%) 2 (13.3%)
Total 2(6.7%) 10(33.3%) 14(46.7%) 4(13.3%)

16



A tendency of the larger number of ovulations was observed in the cows during cool
season (P=0.1). The numbers of the cows with double ovulations were 7/15 (46.7%)
and 3/15 (20%) during hot and cool seasons, respectively. Cystic ovary was found in

one cow from each seasonal group.

Postpartum luteal activity

Different types of ovarian cycles based on plasma P4 profiles are depicted with
representative profiles in Fig 1. Out of 15 cows during hot season, only 4 cows
(26.7%) had normal resumption of PP ovarian cyclicity, whereas the remaining 11
cows (73.3%) had an abnormal ovarian cyclicity. During cool season, 9/15 cows
(60%) had normal resumption of PP ovarian cyclicity and 6/15 cows (40%) had an
abnormal ovarian cyclicity. A tendency of the higher incidence of abnormal luteal
activity was recorded in the cows during hot season (P=0.07). Different types of PP

luteal activity in the cows during hot and cool seasons are shown in Table 2.

Table 2. Different types of PP luteal activity in lactating cows during hot and cool

seasons

Category i Hot season Cool season

Normal * : 4 (26.7%) 9 (60%)

Abnormal 11 (73.3%) 6 (40%)
Prolonged luteal phase ° 3 (20%) 2 (13.3%)
Delayed ovulation/Anovulation © 6 (40%) 1 (6.7%)
Short luteal phase 2 (13.3%) 2 (13.3%)
Cessation of the luteal activity ° 0 (0%) 1 (6.7%)

Total 15 (100%) 15 (100%)

® = first ovulation occurred <45 days PP, followed by regular ovarian cycle, ° = first
ovulation did not occur <45 days PP and anovulation <60 days PP, ° = one or more
ovarian cycles had luteal activity >20 days, ¢ = one or more ovarian cycles had luteal
activity <10 days (except for the 1™ cycle), © = an absence of luteal activity for =14

days after the first ovulation
Plasma PGFM levels

High significant levels of PGFM were found immediately during early PP period
(P<0.001) and sharply declined to the basal levels within the first 4 weeks PP. The
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representative PGFM profiles are shown in Fig. 1. During cool season, all cows
showed an elevated PGFM release between 2-4 weeks PP, whereas 3 out of 15 cows
(20%) during hot season showed an elevated level of PGFM until 6-7 weeks PP.
However, the total duration of PGFM release was not different between the seasonal
groups (P>0.05). The cows with prolonged luteal phase showed apparently none or
small releases of PGFM, while the cows with short luteal phase was associated with
the premature releases of PGFM. The relationship between the duration of PGFM

releases and the time of uterine involution was not recorded (P>0.05).

Subsequent reproductive performance

The percentages of heat detection rates were significantly different between the cows
during hot and cool seasons (P<0.01). A tendency of higher first Al conception rates
was recorded in the cows during cool season (P=0.06). The mean calving to
conception interval was not found significantly between the seasonal groups (P>0.05).
The mean numbers of Al per conception (3.2 £ 0.4) was lower in the cows during
cool season, comparing to the mean number of Al preconception (2.0 = 0.2) in the
cows during hot season (P=0.07). A higher pregnancy rates within 150 days PP
(61.5%, 40/65) was reported in the cows during cool season, while it was 37.9%
(11/29) in the cows during hot season (P=0.03).

Details of reproductive performance in the cows during hot and cool seasons are

presented in Table 3.

Table 3. Reproductive performance in lactating cows during hot and cool seasons

Reproductive performance _ Hot season Cool season
Number of cows 29 65

Heat detection rates < 50 days PP (%) 20.7%(6/29) 53.8% (35/65)
First Al conception rates (%) 6.9% (2/29) 23.1% (15/65)°
Calving to conception interval (days), for 1174+ 11.7 97.4+5.8
pregnant cows (mean = SEM)

No. of Al per conception, for pregnant cows 32+04 2.0+02°
{mean + SEM)

Pregnancy rates < 150 days PP (%) 37.9%(11/29)  61.5% (40/65)d

2 P<0.01; °, P=0.06; ©, P=0.07: ¢, P=0.03
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Discussion

In the present study, the temperature-humidity index (THI) was rather high (varied
between 84-87 during hot season and 78-83 during cool season), comparing to the
observations reported by the previous studies (Igono et al. 1992; Ravagnolo and
Misztal 2002). They found that the critical values for minimum, mean and maximum
THI were 64, 72 and 76, respectively. This indicates that the cows, rearing under the
tropical conditions most likely confront with heat-stress in most time of the year.

A study by Holter et al. (1997) established a significant negative correlation between
THI and dry matter intake (DMI) for the cows. Lower DMI was also reported to be
associated with a state of negative energy balance, which is normally seen in the cows
after calving. In the present results, a reduction of the mean BCS in the cows during
hot season was correspondingly well with the previous reports. The cows with
negative energy balance had decreased plasma concentrations of insulin, glucose and
IGF-1, which required for the development of follicles and the modulating LH
secretion during PP period (Lucy et al. 1992; Bucholiz et al. 1996).

Similarly, a higher percentage of delayed uterine involution was recorded for the
cows in hot season. This evidence was supported by the higher cumulative number of
an elevated PGFM release, observed in the cows during hot season. However, the
relationship between the total duration of PGFM release and time of complete uterine
involution could not be established and an elevated PGFM level was suggested to be
significantly involved to the increased frequency of uterine infections (Bekana et al.
1996; Mateus et al. 2003).

In hot season, the first detectable CL of the cows was delayed, reflecting a higher
incidence of delayed resumption of ovarian cyclicity. The retardation of follicular
growth and the degree of dominance of selected follicle under heat-stress were
reported to be related with prolonged first ovulation PP in dairy cows. When
individual degree of dominant follicle reduced, more than one dominant follicle can
develop (Ryan and Boland 1991). This incidence was confirmed by a greater number
of double ovulations, recorded in the cows during hot season. Likewise, higher
percentages of unobserved oestrus were observed in the cows during hot season.
Badinga et al. (1993) reported that a higher incidence of poor expression of oestrus,
anoestrus and silent ovulation could be due to the lower oestradiol production of

dominant follicle (Wolfenson et al. 1997; Bridges et al. 2005).
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A higher percentage of abnormal P4 profile was seen in the cows during hot season,
leading to lower subsequent fertility. This might be also true for the cows in cool
season, in which the abnormal luteal activity was recorded. Delayed luteal cyclicity
and prolonged luteal phase were the most found abnormal P4 patterns. A reduction of
the endogenous LH surge by heat-stress might be responsible for a higher incidence
of delayed resumption of ovarian cyclicity. In addition, it has been suggested that the
amplitude and pulse frequency are related to preovulatory oestradiol concentrations of
the dominant follicle (Gilad et al. 1993). Cows with prolonged luteal phase were
previously shown to be related to clinical and subclinical uterine infection or other
uterine pathological problems (Mateus et al. 2002), which an absence of PGFM
release was observed. These 2 atypical P4 profiles were also reported to be the main
reasons for reduced subsequent reproductive performance in lactating cows (Opsomer
et al. 2000). The first Al conception rates were previously reported to be 40-60% in
several studies (Lamming and Darwash 1998; Hommeida et al. 2005; Petersson et al.
2006), while it was far lower in the present study. The lower conception rate during
hot season was reported to be associated with the temperature-sensitive formation of
gametes and early embryonic development (reviewed by De Rensis and Scaramuzzi
2003). In conclusion, the present study clearly demonstrated the profound adverse
effect of exposure to heat-stress on BCS, uterine involution and PP ovarian cyclicity,

subsequently leading to decreased reproductive efficiency in Holstein lactating cows.
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Legend of figures

Fig. 1. Different types of PP luteal activity and PGFM releases in lactating cows; (a) =
normal cycling, (b) = prolonged luteal phase/anovulation, {¢) = delayed first
ovulation, (d) = short luteal phase, (e) = cessation of cyclicity. The horizontal dash

line in the graph denotes the line of significance (mean + 2SD) for the PGFM levels.
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