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ARTICLE

Seasonal alterations in the expression of inflammatory
cytokines and cortisol concentrations in periparturient
Sahiwal cows
Sonika Grewal, Anjali Aggarwal and Mohanned Naif Alhussien

Animal Physiology Division, ICAR-National Dairy Research Institute, Karnal, India

ABSTRACT
Heat stress during the transition period of dairy cows disturbs the
homeostasis of their physiology and ultimately their health and pro-
duction. Our objective was to study the seasonal variations of plasma
cortisol levels and the expression of inflammatory cytokines in the
peripheral blood mononuclear cells (PBMC) of 12 periparturient
Sahiwal cows. Blood samples were obtained at weekly intervals from
three weeks prepartum to three weeks postpartum during the winter
(Temperature–humidity index, THI = 59.7) and summer (THI = 81.5)
seasons. Gene expression study of pro-inflammatory (IL-1β, IL-6, and
TNF-α) and anti-inflammatory (IL-10) cytokines was done by RT-PCR
and plasma cortisol by sandwich ELISA. The plasma concentration of
cortisol and the relative mRNA expression of various inflammatory
cytokines in PBMC were higher (p< 0.01) in the summer compared to
winter season irrespective of the days of the transition period. Highest
levels of cortisol and greater expression of pro-inflammatory cytokines
were recorded on the day of calving in both seasons. Our study
showed a higher inflammatory response, immune disturbance and
greater levels of the stress hormone (cortisol) during the summer
season, particularly on the day of calving.
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1. Introduction

The recent changes in the climatic condition are a threat to the livestock due to its
greater impact on their health and production (MM et al. 2017; Lakhani et al. 2018a). Due
to global warming, earth temperature will change in the upcoming years and could
adversely affect animal production (Thornton et al. 2009). The time from 3 weeks prior to
calving to 3 weeks post-calving in cattle is called the transition period (Grummer 1995).
This period is very important because a successful transition period reflects the produc-
tive and reproductive performance of a cow in subsequent lactation (Santoshi et al.
2018). The circadian clock acts as an important regulator of the immune system and
regulates the expression of various inflammatory cytokines (Nakao 2014). Inflammatory
cytokines like tumor necrosis factor alpha (TNF-α), interleukin 1β (IL-1β), and interleukin
6 (IL- 6) play an important role in stimulating systemic inflammatory responses in the
body, and this inflammatory response is up-regulated during heat stress (Heled et al.
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2013). During the transition period, the normal levels of various inflammatory cytokines
and immune response get disturbed and thus increases host susceptibility to infections
(Alhussien and Dang 2019).

Cortisol hormone is a well-known biomarker that can be used to measure the levels
of physiological and thermal stress in dairy cows (Lakhani et al. 2018b). The plasma
concentration of cortisol has been found to display both daily and seasonal rhythm with
highest levels recorded during the summer season (Alhussien and Dang 2017b).
Seasonal incidence of various health disorders in dairy cows of tropics with increased
temperature humidity index (THI) during the hot-humid season of tropics is well docu-
mented (Kumar et al. 2016; Alhussien and Dang 2018b). Alhussien and Dang (2017a)
have also reported that cows started their lactation and attained peak milk yield during
the hot-humid season (THI > 80) were under more stress and more prone to develop
mammary infections. In India, the milk production related-economic losses are expected
to reach 3.2 million tons in the next few years and exceed 15 million tons by 2050
(Upadhyay et al. 2009). Based on these facts, it is very critical to identify the influence of
heat stress on the immune and endocrine response of dairy cows during the transition
period. Moreover, the fluctuations in inflammatory cytokines and cortisol hormone in
Sahiwal cows calving during different seasons of tropics are not known. Therefore, the
present study was carried out to study the thermal and calving associated-stress on
various inflammatory cytokines and stress related-hormone in Sahiwal cows under
tropical condition.

2. Materials and methods

2.1. Animal selection and environmental conditions

All the experiments performed in the current study were approved by the Animal Ethics
Committee (AEC. No. 137/16) of ICAR-National Dairy Research Institute (NDRI).
Periparturient Sahiwal cows (n = 12) were selected from the Livestock Research Centre
of NDRI. The study was performed during two seasons; summer and winter with 6 cows
were followed during each season. All the cows were maintained in similar housing,
feeding and management conditions that usually followed at ICAR-NDRI. There is a wide
variation in different environmental variables in the location of study during the summer
and winter seasons. All the meteorological data recorded during the present study are
shown in Figure 1. More details about the management of the cows and calculation of
various meteorological variables can be seen in our recent article (Grewal et al. 2019).

2.2. Blood mononuclear cells isolation and plasma cortisol quantification

The blood samples were collected from the jugular vein of the experimental cows at
weekly intervals from −3 weeks before calving to + 3 weeks postpartum. The peripheral
blood mononuclear cells (PBMC) were isolated as described by Sheikh et al. (2016). The
number and viability of the cells were checked using 0.4 % Trypan blue (Sigma Life
Sciences, St. Louis, MO, USA). The viability of the obtained PBMC was greater than 90 %
within 3 h of cell isolation and declined afterwards. Quantitative sandwich enzyme
immunoassay was used to estimate plasma cortisol. The bovine specific ELISA test kit
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Figure 1. Meteorological variables including dry-bulb and wet-bulb temperature (a), maximum
temperature and relative humidity (b), and temperature-humidity index (C) during the study period
(2016–2017). Means with different superscript letters differ significantly (p< 0.01).
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for cortisol (Bioassay Technology Laboratory, Shanghai, China) was used according to
the manufacturer’s protocol. The minimum detectable level of cortisol was 0.02 ng/ml
with a detection range of 0.5 ng/ml–200 ng/ml. The intra- and inter-assay coefficient of
variance were less than 8% and less than 10%, respectively.

2.3. RNA isolation and RT-PCR study

Gene expression study was done after adjusting the number of PBMC to 1 × 106 cells/ml
for each blood sample. Total RNA was isolated from each blood sample using RNeasy
Mini Kit (Qiagen, India) according to the manufacturer’s guidelines. The purity of each
RNA sample was quantified at 260 and 280 nm by using Biospec-nano
Spectrophotometer (Shimadzu Corp., Japan). RNA sample with optical density (OD)
absorption ratio (A260/A280: 1.9–2.1) was accepted as “pure” RNA. Integrity of the
total RNA was checked by performing agarose gel electrophoresis on 1.5 % agarose
gel. Total RNA (1µg) was reverse transcribed into complementary DNA (cDNA) using
Revert Aid First-strand cDNA synthesis kit (Thermo Scientific, India), in reverse transcrip-
tion polymerase chain reaction according to the manufacturer’s protocol. Primers for
bovine GAPDH, IL-6, TNF-α, IL-10, IL-1β (Sigma Chemicals, USA) are presented in Table 1.
The Real-time polymerase chain reaction (RT-PCR) was carried out by using Applied
Biosystems 7500 Real-time PCR system as described by Alhussien and Dang (2017a).
GAPDH was used as an endogenous gene for normalization of the target gene for
relative quantification. The day −21 of the winter season was taken as a calibrator for
the calculation of the relative expression of cytokines. The relative quantification of
cytokines genes was done using the 2−ΔΔCT method (Livak and Schmittgen 2001).

2.4. Statistical analysis

Repeated measures two-way ANOVA (mixed model) was used to analyse the data using
the SAS (SAS Institute Inc., Cary, NC, USA, version 9.1). Hypothesis testing was done at 5
% and 1 % significance levels. The statistical model was designed to measure the effect
of the seasons, days in the transition period and their interactions:

Yijk¼ μþSiþDjþ SDð Þijþeijk

Table 1. Details of various primers used in the study.
Gene

name
Product

Size (bp) Tm (°C) Sequence (5′→3′) Accession no.

IL-6 105 59.0 F: ATGACGAGTGTGAAAGCAGC
R: TCGCCTGATTGAACCCAGAT

AY347710.1

TNF-α 130 59.0 F: GGTCAACATCCTGTCTGCCA
R: ACTGAGGCGATCTCCCTTCT

XM- 005223596.4

IL-10 127 58.0 F: CTGTATCCACTTGCCAACCA
R: CAGCAGAGACTGGGTCAACA

XM- 019976984.1

IL-1β 102 58.0 F: GTTAGAGTGCCATCCTTCTG
R: CATTGCCTTCTCCGCTATT

XM- 019970254.1

GAPDH 119 60.0 F: CCAACGTGTCTGTTGTGGATCTGA
R: GAGCTTGACAAAGTGGTCGTTGAG

NM_001034034
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Where Yijk is a dependent variable, μ is the population mean, Si is the effect due to
season (i = 2), Dj is the effect due to the days in a transition period (j = 7), and SDij is the
effect due to seasons by days interactions, and eijk is the residual error.

3. Results

3.1. mRNA expression of iL-1β, IL-6, IL-10, and TNF-α

The Real-time PCR amplified products of IL-1β, IL-6, IL-10 and TNF-α were confirmed
through agarose gel electrophoresis on 1.5 % agarose gel against gene ruler, 100 bp DNA
ladders and is presented in Figure 2. The relative mRNA expression of various inflammatory
cytokines (IL-1β, IL-6, IL-10 and TNF-α) in blood PBMC of transition Sahiwal cows was higher
(p< 0.01) in the summer season compared to winter season irrespective of the days of the
transition period (Figure 3). The fold changes in the expression of IL-1β, IL-6, IL-10 and TNF-α
showed higher expressions (1.7, 4, 0.5, 4.5) folds, respectively, in the summer as compared to
the winter. The relativemRNA expression of various pro-inflammatory genes including IL-1β
(Figure 4(a)), IL-6 (Figure 4(b)), and TNF-α (Figure 4(c)) were lowest on day 21 prepartum and
increased gradually on subsequent days to attain maximum values on the day of calving in
both the winter and summer seasons. Afterwards, it started decreasing with the progress of
time and reached to pre-calving levels on day 21 postpartum in both the seasons. The

Figure 2. Agarose gel electrophoresis of Real-time PCR amplified products of target genes including
IL-10 (a), IL-1β (b), GAPDH, IL-6 and TNF-α (c).
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relative mRNA expression of the anti-inflammatory gene, i.e., IL-10 (Figure 4(d)) was max-
imumon day 21 prepartum and decreased subsequently and reached the lowest expression
on the day of calving in both seasons. It increased again on day 7 postpartum as compared
to calving day and decreased afterwards in both seasons. The relative mRNA expression of
IL-6, IL-1β, TNF-α and IL-10 was higher (p< 0.01) in the summer season as compared to
winter season throughout the study period. However, we did not observe difference in the
expression of IL-10 between the seasons on day 21 postpartum. Out of all the studied genes,
maximum expression was seen in the summer season for IL-6 and TNF-α on the day of
calving and day 7 postpartum, respectively.

3.2. Plasma cortisol

The overall mean of plasma concentrations of cortisol in Sahiwal cows was higher
(p< 0.01) in the summer season compared to winter season irrespective of the days of
the transition period (Figure 5). The concentrations of plasma cortisol in the transition
Sahiwal cows were lowest on day −21 prepartum and attained the highest values on
the day of calving in both seasons. It started decreasing gradually after parturition and
reached the pre-calving levels at + 3 weeks postpartum (Figure 6).
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Figure 3. Seasonal changes in the overall mean of relative mRNA expression of IL-1β (A), IL-6 (b),
TNF-α (c) and IL-10 (d) in the PBMC of periparturient Sahiwal cows. * p< 0.01.
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4. Discussion

The main purpose of the present study was to study the seasonal variations of both pro-
and anti-inflammatory cytokines as well as the main stress hormone (cortisol) in peri-
parturient Sahiwal cows under tropical conditions. Sahiwal cows are one of the highest
milk producers of all zebu breeds in India. They are well adapted to the tropical
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Figure 5. Seasonal changes in the overall mean concentration of plasma cortisol in periparturient
Sahiwal cows. *p< 0.01.
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environment; however, the increase in their milk yield over the years resulted in
a greater metabolic heat production which made them more prone to heat stress
(Deb et al. 2014; Alhussien and Dang 2017a). Our study was conducted during summer
(July, August) and winter (December, January). Temperature–humidity index (THI) is an
important measure that being used globally to assess the level of heat stress in animals.
The THI was 81.5 and 59.7 during summer and winter seasons, respectively. This reflects
the greater magnitude of hyperthermia imposed on the cows during the summer season
as THI values higher than 80 units are classified as danger zone to the well-being and
productivity of cattle (Segnalini et al. 2013).

Cytokines are small proteins released by various immune cells and play a major role in the
regulation of immune response. Pro-inflammatory cytokines, viz. IL-1β, IL-6, and TNF-α are
produced mostly by activated macrophages and lead to up-regulation of inflammatory
reactions (Contreras and Sordillo 2011). We observed higher expression of various pro-
inflammatory genes including IL-1β, IL-6, and TNF-α on the day of calving mainly during
the summer season. Our results coincidedwith the study of Priyadarshini and Aggarwal (2018)
in which they reported higher expression of IL-6 and TNF-α on the day of parturition inMurrah
buffaloes and also found an increased expression of cytokines during the summer compared
to winter season. Tao et al. (2013) also reported a significantly increased expression of
inflammatory cytokines in PBMC of heat-stressed cows compared to cooled cows during
the transition period. Thus, a higher expression of inflammatory cytokines in heat-stressed
cows could be an adaptive response to extreme environmental conditions to adjust its body
physiology and copewith heat stress. Kapila et al. (2016) reported an up-regulation of IL-1β, IL-
6, TNF-α, and IL-10 in bovine mammary epithelial cells exposed to heat stress. Furthermore,
our study is supported by an increased level of inflammatory cytokines in heat-stressed cows
compared to cows with no/slight-heat stress (Chen et al. 2018).

One of the major anti-inflammatory cytokines (IL-10) is released by T2 helper lymphocytes
and is not only responsible for the down-regulation of the inflammatory reactions, but it also
promotes humoral immunity (Alhussien and Dang 2019). Moreover, it has been reported to
play an essential role in the initiation and maintenance of parturition in humans (Simpson
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Figure 6. Seasonal changes in the concentrations of plasma cortisol in periparturient Sahiwal cows.
Different subscripts (a, b, c, d) indicate the difference between days within the same group.*
(p < 0.01) and # (p < 0.05) indicate the difference between the groups within the same day.
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et al. 1998; Hanna et al. 2000). The expression of IL-10wasmaximumonday 21 prepartum and
decreased subsequently and reached the lowest levels on the day of calving. Islam et al. (2013)
reported higher IL-10 levels at prepartum period compared to the day of calving in healthy
cows. In agreement with our findings, Heiser et al. (2015) found increased expression of IL-10
during the first-week post-calving, which returned to pre-calving levels afterwards. In our
experiment, the lower expression of IL-10 on the day of calving could be attributed to the
increased production of various pro-inflammatory cytokines (IL-1β, IL-6, and TNF-α). IL-10 is
also affected by temperature changes as we observed the highest expression of IL-10 during
the summer season compared to winter season. Similarly, IL-10 production was significantly
increasedwhen PBMC exposed to heat stress (43ºC) in transition Sahiwal and Karan Fries cows
(Sheikh et al. 2016). Furthermore, our study supported by Alhussien and Dang (2017a) who
found the highest concentration of IL-10 during hot seasons compared to winter in Sahiwal
cows under tropical conditions. These findings suggest that IL-10 is a critical regulatory
cytokine involved in the control of inflammatory reaction around parturition and increases
immune tolerance under heat stress conditions.

Cortisol hormone is routinely used as a stress marker in livestock and increased cortisol
concentrations during heat stress is an adaptive mechanism to adjust body physiology and
cope with extreme environmental conditions (Moya et al. 2013). In the present study, plasma
cortisol levels were higher in cows calving during the summer season compared to winter
season. In agreement with our findings, Alhussien and Dang (2018a) also reported an
increased concentration of cortisol during the summer season (THI> 80) in different Indian
native breeds of cattle, including Sahiwal. The highest concentrations of plasma cortisol were
recorded on the day of calving in both seasons. This is because high producing cows
experience metabolic stress during the periparturient period which activates the hypothala-
mic-pituitary-adrenocortical axis and leads to several folds increment in the concentration of
circulating cortisol mainly on the day of calving (Mordak and Stewart 2015).

5. Conclusions

Based on these results, it can be concluded that thermal and parturition-associated stress
increases the secretion of cortisol and the mRNA expression of various pro-inflammatory
cytokines in PBMC of periparturient heat-stressed cows. These systemic changes might be an
immunological mechanism to increase the responsiveness of various immune cells and
ultimately reduce the incidence of parturition-associated diseases, particularly in heat-
stressed cows. Moreover, the greater variations in the secretion of cortisol hormone and
inflammatory cytokines in cows calving during the summer season indicatemore deviation in
their normal body physiology and higher chances of developing various health disorders
compared to cows calving during the winter season.
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