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Abstract: Neutrophils play an important role around parturition.
To evaluate relationship between cytological changes occurring
in blood neutrophils and their functionality during peripartum
period, blood samples were collected from 10 Murrah buffaloes
(-15 to +15 day) at weekly interval. Total leukocyte count (TLC)
and percent neutrophils were significantly higher (P<0.05) on
the day of calving. Morphological features were assessed using
both light and scanning electron microscopy (SEM). Blood
neutrophils on different peripartum days showed a multi-lobed
and matured nucleus as compared to band shaped nucleus of
partum. SEM revealed that blood neutrophils had a more ruffled
surface on different peripartum days compared to the neutrophils
derived on the day of calving. Phagocytic activity (PA) of
neutrophils isolated from blood of peripartum buffaloes were
significantly lower (P<0.05) on day of calving compared to other
peripartum days. Relative messenger RNA (mRNA) expression
of Toll like receptors (TLR 2, TLR 4) and interleukin-8 (IL-8) genes
in blood neutrophils of Murrah buffaloes was found to be
significantly (P<0.05) higher on different peripartum days
compared to the day of calving. The present study showed that
on the day of calving although vast number of neutrophils poured
into the blood stream but more of them are immature ones, having
poorly developed surface receptors, compromised phagocytic
activity and diminished expression of immunologically important
neutrophil specific genes.

Keywords: Neutrophils, peripartum period, Murrah buffaloes,
SCM, TLR

Introduction

Buffaloes are the major milk producers in the Asian countries
and contribute significantly to the dairy sector. During peripartum
period buffaloes are under myriads of stress. These stressful
changes results a reduction in the activity of blood neutrophils,
which may invoke infectious outcomes (Mulligan et al., 2006).
Periparturient immunosuppression contributes significantly to
the economic losses in dairy industry. The function of neutrophils
is important for protection of early phase infection. During this
critical period, various cytokines and hormone milieu of blood
and extracellular tissue fluid can influence neutrophil development
and immunity related activities. The molecular basis of these
changes and their physiological benefits or drawbacks occurring
during this time are poorly understood. There are a few reports
on the immune status of buffaloes particularly in relation to
neutrophils (first line of defense) around calving. Therefore, the
present study was undertaken to find out the changes occurring
in the neutrophil morphology, PA and relative mRNA expression
of IL-8, TLR-2 and TLR-4 in the blood neutrophils on various
peripartum days of Murrah buffaloes.

Materials and Methods

Selection of animals and blood collection schedule

For the study, 10 healthy Murrah buffaloes approaching
parturition were selected from the experimental herd of National
Dairy Research Institute (NDRI), Karnal, Haryana, India. All the
experimental animals were healthy and free from any anatomical,
physiological and infectious disorders. Blood samples were
collected from them starting from 15 days pre calving, -7 day, on
the day of calving, +7 and on 15 days post calving. All the
buffaloes were offered ad lib green fodder and calculated amount
of concentrate mixture. Fresh tap water was also made available
ad lib at all times of the day.

Isolation of blood neutrophils

Blood TLC and percent neutrophil were estimated microscopically.
The gross morphology was determined by preparing smear
stained with Leishman’s stain. Isolation of polymorphonuclear
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neutrophils (PMN) from peripheral blood was performed using
hypotonic lysis of erythrocytes as described by Mehrzad et al.
(2001, 2004). Briefly, 10 ml of EDTA mixed blood was poured in to
Falcon tubes and centrifuged (1000 x g, 15 min., 4ÚC); the plasma
layer, buffy coat and top layer of blood-packed cells were
discarded. About 2.5 ml of blood-packed cell was lysed by adding
5 ml of diethyl pyro-carbonate (DEPC) treated double distilled
water and gently mixed for 45 sec. using a magnetic stirrer. After
restoration of the isotonicity by addition of DEPC treated 2.5 ml
of 2.7% NaCl with gentle mixing for 60 sec., the suspension was
centrifuged (1000 x g, 10 min. and 4ÚC). For the second lysis
procedure, after resuspending of the pellets in DEPC treated 2.5ml
of Dulbecco’s PBS (without CaCl

2
, MgCl

2
), 5 ml of DEPC treated

double distilled water and gently mixed for 30 sec., and
centrifuged (1000 x g, 5 min. 4ÚC). The remaining cell pellet was
washed 3 times in DEPC treated PBS (300 x g, 10 min., 4ÚC).
Phagocytic activity (PA) was estimated by nitro blue tetrazolium
(NBT) reductive assay proposed by Chai et al. (2005).
Investigation of ultra-structural changes of blood neutrophils
was carried out by employing Scanning Electron Microscopy
(SEM) as previously described by Tian et al. (2005) in goats with
minor modifications. Plasma cortisol levels were also estimated
by ELISA (Endocrine Technologies, USA) during both the pre-
and postpartum days as indicated above.

RNA isolation

RNA was isolated by Trizol method as per Chonczynski and
Sacchi (1987) using TRI Reagent from Sigma (St. Louis, Missouri,
USA). The RNA pellet was air dried for 15–30 minutes and
dissolved in 25 μl of RNA storage solution and stored at “80°C
till further use. Quality of RNA was checked by agarose gel
electrophoresis using 0.8% gel (in 1× TAE buffer, pH 8.0) of high-
quality molecular biology grade agarose (Sigma, USA). Ethidium
bromide was used as fluorescence dye at the rate of 0.5 μg/ml of
gel, whereas, bromophenol blue was used as tracking dye at the
rate of 3 μl mixed with RNA during time of loading of sample into
well of the gel. Electrophoresis was carried out at 8 V/cm for half
an hour. After completion of electrophoresis, the gel was examined
under UV transilluminator. DNase treatment was done by using
DNA free Kit (Ambion, UK) according to manufacturers’

instructions. Total RNA was quantified, and OD260nm/OD280nm
was determined with ND-3300 flurospectrophotomer (NanoDrop
Technologies, UT) and purity of RNA was judged on the basis of
optical density ratio at 260:280 nm. First strand cDNA was
synthesized by RevertAid First Strand cDNA synthesis kit from
Fermentas Life Science. PCR was carried out with DreamTaq DNA
Polymerase from Fermentas Life Science. Differential m-RNA
expressions of neutrophilic genes (IL-8, TLR -2 and TLR- 4) were
carried out by using real time PCR. Along with the target genes
two housekeeping (glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) and β-actin) genes were amplified for relative expression
measurements. Two housekeeping genes, GAPDH and β-actin,
were used in this study. The above housekeeping genes were
selected as they had been shown to be the most stably expressed
in the neutrophils (Robinson et al., 2007). Information regarding
specific primers for IL-8, TLR-2, TLR-4, GAPDH and β-actin gene
was retrieved from NCBI database and suitable primers were
designed using primer 3 web interfaces. Details of primers were
given in the table 2. The results indicated that, for our study, β-
actin was better than GAPDH. So expression data of β-actin were
used for analysis of relative expression data. Relative
quantification of a target gene was done by comparing the
expression levels of reference gene (β-actin), as per the method
of Livak and Schmittgen (2001).

Statistical analysis

Statistical analysis was performed using least square model
through SYSTAT software (sigma plot 11.0, Chicago, IL, USA).
The means were separated and compared using Tukey test as
post hoc test, because this test is able to control the errors of
multiple comparisons simultaneously.

Results and Discussion

The number, type and morphological variation of neutrophils in
Murrah buffaloes in relation to their function in different
peripartum days have been presented in table 2. TLC was highest
on the day of calving. Thereafter a significant (P<0.05) decrease
in TLC was observed at 7 days post calving. Our results are in
corroboration with Paape et al. (2003). Bone marrow recruits more

Genes Sequence (5’    3’ ) Acc no. Size (bp) AnnealingTemp (0C)
TLR 2 F GCCTTGACCTGTCCAACAAT NM174197.2 199 59

R GACCTGAACCAGGAGGATGA
IL-8 F TGCTCTCTGCAGCTCTGTGT EU276073.1 190 59

R CAGACCTCGTTTCCATTGGT
β- actin F TCCCTGGAGAAGAGCTACGA NM_173979.3 179 59

R TAGAGGTCCTTGCGGATGTC
F GGGTCATCATCTCTGCACCT NM_001034034.1 176 59

GAPDH           R GGTCATAAGTCCCTCCACGA

Table 1: Primers sequence, accession number, fragment size and annealing temperature used for RT-PCR
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number of leukocytes during acute stress and inflammation. As
on the day of calving buffaloes are under nutritional,
endocrinological, physiological and psychological stresses, TLC
count increases to a peak level. The postpartum decrease in TLC
is associated with the increased migration of leucocytes to uterine
lumen followed by migration to mammary alveolar lumen (Preiser
et al., 2000). Among the leukocytes, neutrophil is the central
player which decides animal’s susceptibility to infection. The

blood neutrophils increased from 31% at 15 days before calving
to 39% on the day of calving, which further decreased to 32% at
7 days post-calving.

PA of blood neutrophils isolated during various peripartum days
in terms of optical density (O.D) have also been presented in
Table 2. O.D of blood neutrophils was minimum on the day of
calving and then it started increasing during the postpartum

ParametersUnder Study Peripartum days
-15 -7 0 7 15

*TLC (cells/µl) 7634± 99.08a 7678± 110.17a 8451± 196.80b 7698.5± 172.62a 7407.4± 176.34a

*Total Neutrophils (%) 30.8± 0.86a 34.4± 1.03c 38.6±1.17d 32.8± 1.11ab 30± 1.14a

Band Neutrophils (%) 2±0.91a 5±0.48c 6±0.75c 3±0.87b 1±0.41a

 Segmented 98±0.91a 95±0.48c 94±0.75c 97±0.88b 99±0.41a

Neutrophils (%)
*Phagocytic Activity 1.16±0.04c 0.95±0.06ab 0.78±0.08a 1.09± 0.06b 1.24± 0.10d

( O.D 540 nm)

Table 2:  Total leucocyte counts (TLC), neutrophil percent and type and optical density (O.D) indicating phagocytic activity of
blood neutrophils in different peripartum days of Murrah buffaloes

*Values within a row having different superscript are significantly (P < 0.05) different from each other.

  

Photographs: Blood smear showing neutrophils
(100X) from prepartum Murrah buffaloes      at
different days
 Day – 15 (a) showing multilobed
nucleus
 Day -7 (b) showing multilobed but
undifferentiated nucleus
 Day 0 (c, d) showing band shaped
immature nucleus
 Day +7 (e) multilobed and differentiated
nucleus
 Day +15 (f) showing hyper- segmented
nucleus/neutrophilic lobes

(a) (b)

(c) (d)

(e) (f)
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period and attained the prepartum levels. O.D increased
significantly (P<0.05) at 7 days postpartum and then did not
show any significant pattern thereafter. Only increase in neutrophil
number is not sufficient, an increase in neutrophilic activity in

terms of phagocytosis and intracellular digestion play pivotal
role in fighting against infections. We observed a decrease in the
neutrophilic activity of blood neutrophils around parturition in

 

(a), on the day of calving (b) and post calving (c) period (3500 X)

Plates: SEM of
b l o o d
neutrophil (N)
isolated from
M u r r a h
buffaloes from
precalving

(a) (b) (c)

Fig. 1: Plasma cortisol

levels (ng/ml) at

different peripartum

days in Murrah

buffaloes

             *Figures with different superscripts letters differ significantly (P<0.01) from each other

* Figures with different superscripts letters differ significantly (P<0.05) from each other.

Fig. 2: Relative mRNA

expression of TLR-2,

TLR-4 and IL-8 in

blood neutrophils of

Murrah buffaloes in

Periparturient period



Indian J Dairy Sci 70(5):571-576 (2017)

575

buffaloes as similar to reported by Meglia et al. (2001) in exotic
cows and by Pathan et al. (2016) in indigenous Sahiwal cows.

Neutrophilic development and migration is associated with altered
hormonal levels. Results of plasma cortisol levels at different
peripartum days are shown in figure 1. We observed a significant
(P<0.01) increase in the level of cortisol on the day of calving as
compared to different pre- and postpartum days. High levels of
cortisol at calving have also been reported by Goff and Horst
(1997) to act as powerful immunosuppressive agent. Higher levels
of cortisol on partum resulted neutrophilia by an increased output
of neutrophils from the bone marrow, hindering neutrophil
margination from the blood vessel wall, or by a combination of
the two (Meglia et al., 2001).

Blood neutrophils observed during -15 day, -7 day, on day of
calving, +7 day and +15 day have been presented in photographs
1 to 6 respectively. Photograph 1 and 2 shows the neutrophils
morphology at prepartum period. On -15 day they were multilobed
and differentiated. Lobes were separated by thick chromatin
fibers. On -7day they were multi-lobed but undifferentiated.
Photograph 3 and 4 shows neutrophils on the day of calving.
These were band cells having “C” shaped and “S” shaped
nucleus without differentiation of lobes. Photograph 5 and 6
shows neutrophils isolated from blood samples collected after
calving. On +7 day they were multi-lobed and separated by thin
chromatin fibers, whereas on +15 day they were hyper-segmented
(having more than 3 lobes).

The surface architecture of neutrophils also varied during
peripartum period. Ultrastructure changes observed during these
days are depicted in plates 1 to 3. Plate 1 shows neutrophil surface
on precalving period, plate 2 shows neutrophil on day of calving
and plate 3 shows the same on post-calving period. Neutrophilic
maturity can be best studied by observing its gross structure
and ultrastucture. Matured neutrophils have multilobed/
segmented nucleus, so they are called as “Segs”. Light
microscopy clearly depicts the presence of immature neutrophils
on day of calving. It also emphasizes that periparturient stress
begins at about -7 day of calving, reaches its peak at the day of
calving and culminates by about +7 day of calving. SEM revealed
that blood neutrophils are round in shape. They have ruffled
surface on pre and post calving period compared to the
neutrophils derived on the day of calving. Ruffledness/
protrusions present on neutrophil surface provide extensive
surface area to PMN. The increased surface area is crucial to
phagocytic function of PMN because extensive areas of plasma
membrane are internalized during phagocytosis to form
phagosomes. Neutrophils lack nucleolus; therefore they are
incapable to resynthesize their membrane architecture
(pseudopods). Neutrophils on the day of calving appeared
smoother. These neutrophils have poorly developed micro-ridges
and microvilli. This has been reported for the first time in
peripartum buffaloes. These plates explain that on the day of

calving neutrophils have a compromised phagocytosis compared
to that of other peripartum days. The present study clearly depicts
that neutrophilic PA is regulated by degree of maturity of
neutrophils, as we observed more number of immature or band
neutrophils at calving as compared to other days. Therefore,
even if there was neutrophilia on day of calving but the PA was
very poor.

The expression of IL-8, Toll Like receptor (TLR) 2 and 4 in blood
neutrophils were also estimated in the present study and have
been presented in Fig. 2. We found a significantly (P<0.05) higher
expression of TLR2, TLR-4 and IL-8 on 15 day before and 15 day
after parturition as compared to the day of calving. TLR receptors
detect pathogen by a variety of pattern-recognition systems and
are likely to have important roles in the regulation of neutrophil
function (Parker et al., 2005). They provide cellular signaling
during the initiation of the immune response (Janeway et al.,
2001). Lipopolysaccharide (LPS) is recognized by TLR-4, whereas,
bacterial peptides, yeast zymosans of gram positive bacteria are
recognized by TLR-2 (Lippolis, 2008). IL-8 is a potential
chemoattractant for neutrophil which mediate trans-endothelial
migration of neutrophils to tissue spaces to destroy bacterial
pathogens (Khoramian et al., 2015). All together, they mediate
phagocytic activities of neutrophils.  There was a decreased
expression of the Interleukin-8 (IL-8). According to Wu J et al.
(2015) IL-8 regulates the recruitment of neutrophils as well as T-
lymphocytes to the site of infection. This indicates that the ability
of neutrophils to migrate to the site of infection was lower during
calving. Down regulation of these receptors as observed in our
study may make the animal more susceptible to disease around
calving.

According to Mehrzad, 2012 physiological qualities of
neutrophils in the blood, such as their rate of diapedesis,
phagocytosis, and detoxification mechanisms, represent key
components in the development of the inflammation and largely
determine the severity of mastitis after bacterial challenge. The
results obtained in this study imply that on the day of calving
due to the intense stress no doubt a large number of neutrophils
were recruited into the blood stream, but many of them cannot
exhibit their full potential as they are immature. That results in
the poor expression of neutrophil specific genes particularly TLR-
2, TLR-4 and IL-8 resulting in reduction of its PA as well as trans-
endothelial migration to inflamed tissues. Also due to inefficient
lobulation of neutrophilic nucleus, its unique diapedic ability
gets reduced. Similarly due to lack of neutrophilic micro-ridges
and microvilli PA also get compromised. A state of
immunosuppression starts before 7 days of calving in Murrah
buffaloes. Neutrophils in and around calving are unable to
function properly resulting accumulation of neutrophil in
circulation, at the same time higher cortisol level and poor
expression of IL-8 receptors reduce their migration to  tissue
under stress resulting increased susceptibility to postpartum
infections.
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Conclusions

This study suggests that change in blood neutrophil’s percent,
change in their morphology and PA can be taken as more reliable
parameter for assessing the degree of stress during peripartum
period. The higher incidence of disease during peripartum period
is partially due to compromised function of neutrophils.
Therefore, evaluation of immune activity of neutrophils and
altered expression of these immunologically important genes may
help us to understand the immune response of Murrah buffaloes
during this physiologically critical period. This will help
researchers to develop more efficient strategies to combat
immunosuppression around this period.
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