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Summary
This study compared the therapeutic efficacy of levofloxacin, ornidazole and alpha tocopherol combination and prostaglandin
F2α (PGF2α) in longstanding cases of endometritis and evaluated their impact on Interleukin-6 (IL-6) and Interleukin-10 (IL-10)
transcript level in peripheral blood leukocytes. Eighteen endometritic crossbred Jersey cows were randomly allotted to three groups
(six in each) viz. Group I (levofloxacin combo treatment I/U), group II (PGF2α treatment I/M), group III (no treatment, control), and
group IV (six non-endometritic healthy cyclic) was taken for comparison study. The clinical efficacy was assessed by haematological
study (TLC: Total leukocyte count; DC: Differential count), polymorphonuclear leukocytes (PMN) count in uterine cytology and
relative mRNA expression of IL-6 and IL-10 in peripheral blood leukocytes before and after treatment with respect to conception rate
following single and second inseminations. Group I and II registered significant increase in TLC and neutrophil count. PMN
cytology was increased two and three fold in group I and II, respectively. The IL-6 transcript level was increased by 2.5 and 4.6 fold
while that of IL-10 increased by 3.7 and 5.2 fold in group I and II, respectively. Conception rate across group I to IV following single
insemination was found to be 66.67%, 50%, 16.67%, and 83.33% and their corresponding values following second insemination
were 66.67%, 83.33%, 16.67%, and 83.33%, respectively. Thus, the administration of levofloxacin combo and PGF2α might have
better conception rate following first and second insemination, respectively. Our study also reveals that PGF2α could register better
clearance of bacteria through stronger PMN cell and cytokine activity in post-treatment period.
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Introduction
Shrinkage of cultivable land and population swell
have edged the current scenario of dairy industry into
perplex. Odisha constitutes 6.09% of total cattle
population of India and witnessed 5.59% decline in total
cattle population (19th livestock census 2012). This
drastic reduction in cattle population is mostly attributed
to “endometritis” contributes around 20% of
reproductive disorders in dairy cattle. Endometritis is the
inflammation of glandular layer of uterus without any
clinical signs and is thought to have a negative impact on
reproductive performance, as it increases the services per
conception, calving to first service interval, calving to
conception interval and reduces risk of pregnancy as well
as the conception rate (Kasimanickam et al., 2004).

Diagnosis of endometritis can be done based on case
history, gynaeco-clinical findings, nature of uterine
discharge, uterine palpation per-rectum, vaginal
speculum examination, ultrasonography and endometrial
cytology however, none of these methods was found to
be effective due to lack of standardization and reliability
(Mateus et al., 2002; Foldi et al., 2006). Modified
cytobrush has been thought to be advantageous over
lavage technique as it is easier, quick and consistent with
less distortion of cells (Barlund et al., 2008). Uterine
biopsy and bacteriological culture have been considered
as the gold standard diagnostic methods but seems to be
of limited use in field conditions (Gilbert et al., 2005;
Noakes et al., 2001). Apart from these techniques, the
chemical mediators of inflammation render scope of
diagnosis of endometritis with accuracy (Fischer et al.,
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2010; Islam et al., 2013). Treatment through antibiotics
and chemotherapeutic agents has traditionally been used
to resolve the endometritis (LeBlanc, 2008; Galvao et al.,
2009).
An array of treatment regimens has been
experimented so far but none could resolve the problem
of endometritis in dairy cows. An accurate treatment
protocol may attenuate the deleterious effects of
endometritis which could enhance the reproductive
efficiency of dairy cows of Odisha. Therefore, the
present study was aimed to evaluate the efficacy of
levofloxacin + ornidazole + α-tocopherol combination
and prostaglandin F2α (PGF2α) in bovine endometritis
with the underlying objectives as follows:
I: To estimate certain hematological parameters like total
leukocyte count (TLC), and differential count (DC)
before and after treatment (succeeding estrus)
II: To evaluate endometrial cells by modified cytobrush
for polymorphonuclear leukocytes (PMN) cell count in
0th and succeeding estrus
III: To study the differential mRNA expression of
Interleukin-6 (IL-6) and Interleukin-10 (IL-10) in
peripheral blood leukocytes
IV: To evaluate conception rate following first and
second inseminations in endometritic cows

Materials and Methods
Source and selection of animals
The present study was undertaken in the Department
of Gynaecology and Obstetrics, C.V.Sc & A.H.,
O.U.A.T, Bhubaneswar in collaboration with ICAR-PDFMD, Mukteswar, India from August 2015 to June 2016.
The experimental animals were crossbred Jersey cows at
oestrus presented to TVCC, C.V.Sc & A.H.,
Bhubaneswar. Apparently healthy breedable cows of 3rd
and 4th parity with 85 to 120 days in milk were
considered for the present study.

Gynaecological examination and detection of
endometritis
Gynaeco-clinical examination was carried out in all
experimental cows by per-rectal examination (Zemjanis,
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1970). The cows with history of conception failure for
more than three inseminations and having mucopurulent
discharge were subjected to uterine cytology
examination as described earlier (Sheldon and Dobson,
2004). Arbitrarily >5% PMN threshold was used to
diagnose cows having endometritis of clinical or
subclinical type (Fischer et al., 2010).

Experimental group and treatment protocol
Eighteen endometritic crossbred Jersey cows were
selected after screening. Group I cows were treated with
30 ml infusion of levofloxacin + ornidazole + αtocopherol (I/U; Lenovo AP, Intas Pharmaceuticals
Limited, India; n=6), group II cows were treated with 2
ml of injection of PGF2α (I/M; Pragma, Intas
Pharmaceuticals Limited, India; n=6), and group III cows
were taken as positive control without any treatment
(n=6). Additionally, six non-endometritic healthy cyclic
cows (group IV, n=6) were used for comparison study.

Collection of blood sample and haematological
study
Five ml blood was collected aseptically by jugular
venipuncture. Three ml of blood was collected in EDTA
treated vial for haematological examination and 2 ml
blood was kept in heparinised vial for relative mRNA
expression study of target genes. Total leukocyte count
and DC were estimated as described earlier (Schalm,
1965).

Endometrial cytology
Collection by cytobrush technique
The endometrial samples for cytology examination
were collected by using sterile human cervical cytology
brush (Neha Polymers, Mumbai, India) with slight
modification suitable for use in large animals (Figs. 1AB). The normal cytobrush handle was cut to
approximately 3 cm in length, threaded onto a solid
stainless steel rod with 65 cm length and 4 mm diameter
by a sterilized connecting plastic and placed in a stainless
steel tube 50 cm in length and 6 mm in diameter for
passage through the cervix. The plastic sleeve was then
perforated and the stainless steel sheath with cytobrush

Fig. 1: Endometrial cytology. Modified cytobrush (A), and Cytology sample collection and smearing (B)
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carrying rod was advanced through the cervix into the
uterus. At suitable position, stainless steel tube was
retracted to expose the cytobrush and the endometrial
cells were collected by rotating the cytobrush in a
clockwise direction in contact with the uterine wall. Then
the cytobrush was retracted into the stainless steel tube
prior to removal from the uterus. The stainless steel
instrument was steam sterilized for 4 min between uses.

Cytosmear preparation
The slides for cytological examination were prepared
by rolling the cytobrush onto a clean glass microscope
slide and sample was fixed with 70% ethyl alcohol. Then
the slides were brought immediately to the laboratory
and subjected with giemsa stain. Cytological assessment
was performed by counting a minimum of 100 cells
(endometrial, PMNs and squamous cells) at ×1000 and
×400 magnification to determine the percentage of
neutrophils or PMNs (Kasimanickam et al., 2005).

Quantitative real
reaction (qRT-PCR)

time-polymerase

chain

Total RNA was extracted from whole blood using
RNA isolation kit (NucleoSpin® RNA Blood, USA)
according to the manufacturer’s instruction. The
extracted RNA was further purified using RNeasy kit
(QIAGEN, USA) and treated with DNase-I followed by
quantification in nanodrop spectrophotometer. The OD
260/OD280 ratio of all RNA samples were found to be
1.8-2.0 and stored at -80°C till further use. The qRTPCR was performed using one step SYBRPrimeScriptTM RT-PCR Kit II (TaKaRa, USA) as per
manufacturers’ instructions (Applied Biosystems 7500
Real Time PCR System). Briefly, 2 µL (1000 ng) of total
RNA was added to 0.8 µL forward primer (0.4 μM), 0.8
µL reverse primer (0.4 μM), 0.8µL of PrimeScript 1 step
Enzyme Mix II, 10 µL 2X one step SYBR® RT-PCR
Buffer IV, 0.4 µL ROX reference dye along with 5.2 µL
RNase free water to a final volume of 20 µL, which was
subjected to real time PCR protocol. The qRT-PCR was
performed under the following conditions:
Stage 1: Reverse transcription; 42°C for 5 min and 95°C
for 10 s
Stage 2: PCR reaction, 40 cycles, denaturation -95°C for
5 s, annealing/extension -60°C for 30 s
Stage 3: Melting step by slow heating from 60°C-95°C
with a heating rate of 0.5°C/s with a continuous
fluorescence measurement and final cooling down at
4°C.
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To calculate relative quantification, 18S was used as
endogenous control and the average of ΔCt for samples
of healthy non-endometritic cows collected on day 0
before treatment was used as calibrator for each sample.
The relative mRNA expression in fold change was
calculated by 2-ΔΔCt method (Livak and Schmittgen,
2001). The details of the primers of IL-6, IL-10 and 18S
genes (Table 1) along with the melting curve of 18S, IL6 and IL-10 in pre- and post-treatment are presented in
Figs. 2A-F.

Pregnancy diagnosis and conception rate
Pregnancy diagnosis was conducted in each
experimental cow between 45-60 days post insemination
by per rectal examination. Conception rate was assessed
by considering pregnant cows against number of
insemination and calculated by number of cows
diagnosed pregnant to the number of cows inseminated
multiplied by 100. All the data were statistically
analyzed by paired t-test and one way ANOVA using
SPSS 16.0 wherever necessary (Snedecor and Chochran,
1994).

Results
Total leukocyte count and differential count
during pre- and post-treatment period
The TLC (thousands/mm3) values before and after
treatment in group I, II, III, and IV were presented in
Table 2. There was no significant difference in TLC
values amongst various groups before treatment. After
treatment, the TLC values were significantly (P<0.01)
increased in group I and II cows and were found to be
highest in group II cows while no significant difference
was observed in group III and IV cows. The data on
differential count (%) before and following treatment in
various groups were presented in Table 3. The
neutrophil, lymphocyte, eosinophil and monocyte count
did not reveal any significant difference amongst
different groups before treatment while the monocyte
count did not change before as well as after treatment
within and between different groups. The neutrophil
count was increased (P<0.01) and lymphocyte count was
decreased (P<0.01) in group I and II while group III and
IV did not register any change other than their
corresponding values before treatment. The eosinophil
count showed a similar pattern as lymphocyte count.

Table 1: Target genes, primer sequence and amplicon length for qRT-PCR
Target gene

Primer sequence

Amplicon length (bp)

Reference

IL-6

For: TCCAGAACGAGTATGAGG
Rev: CATCCGAATAGCTCTCAG

236

NM_173923.2

IL-10

For: TGCTGGATGACTTTAAGGG
Rev: AGGGCAGAAAGCGATGACA

186

NM_174088.1

18 S

For: CTGAGAAGACGGTCGAACTTGACT
Rev: TCCGTTAATGATCCTTCCGCAGGT

90

Ranjan et al. (2016)
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Table 2: Pre- and post-treatment mean±SE values of total leucocyte count in various experimental groups
Parameters

Groups

Day

Group I
Group II
Group III
Group IV
Pre-treatment
6.86 ± 0.20
7.16 ± 0.14
7.19 ± 0.18
6.81 ± 0.11
Post-treatment
7.89 ± 0.26a
9.14 ± 0.25b
7.11 ± 0.22c
6.85 ± 0.08c
*
**
NS
t-value
2.951
10.201
0.379
0.043NS
*
**
Mean±SEM bearing different superscripts in row differs significantly. P<0.05, and P<0.01. NS: Not significant
TLC (103/Cu mm)

F-value
1.578NS
23.033**
-

Table 3: Pre- and post-treatment mean±SE values of neutrophil, eosinophil, lymphocyte and monocyte count in various experimental
groups
Parameters

Groups

Day

Neutrophil (%)

Pre-treatment
Post-treatment
t-value

Group I
29.83 ± 1.22
37.67 ± 0.76a
6.269**

Group II
30.17 ± 1.53
41.17 ± 1.38a
10.651**

Group III
29.00 ± 1.18
29.33 ± 0.99b
0.326NS

Group IV
29.67 ± 0.67
30.17 ± 0.70b
0.406NS

F-value
0.169NS
39.834**
-

Lymphocyte (%)

Pre-treatment
Post-treatment
t-value

61.00 ± 0.89
56.17 ± 0.95a
3.512*

61.17 ± 1.78
51.83 ± 1.35a
7.135**

62.33 ± 1.38
62.17 ± 1.01b
0.255NS

63.50 ± 0.62
62.17 ± 0.87b
1.512NS

0.864NS
22.488**
-

Eosinphil (%)

Pre-treatment
Post-treatment
t-value

8.00 ± 0.36
4.83 ± 0.48a
5.836**

7.17 ± 0.60
5.83 ± 0.60bc
1.512NS

7.00 ± 0.73
7.17 ± 0.31c
0.191NS

5.67 ± 0.42
6.17 ± 0.31bc
1.168NS

3.095NS
4.762*
-

Monocyte (%)

Pre-treatment
1.33 ± 0.21
1.50 ± 0.22
1.50 ± 0.22
0.83 ± 0.31
Post-treatment
1.67 ± 0.31
1.00 ± 0.26
1.17 ± 0.17
1.50 ± 0.43
t-value
1.00NS
1.464NS
1.581NS
1.0NS
Mean±SEM bearing different superscripts in row differs significantly. * P<0.05, ** P<0.01. NS: Not significant

1.667NS
0.473NS
-

Fig. 2: Melting curve of IL-6 and IL-10. Melting curve of 18 S pre-treatment (A), IL-6 pre-treatment (B), IL-10 pre-treatment (C), 18
S post-treatment (D), IL-6 post-treatment (E), and IL-10 post-treatment (F) during thermocycling in real time RT-PCR
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Fig. 3: Polymorphonuclear cells in uterine cytology. PMN cells in uterine cytology sample in pre-treatment period are lower (A, B),
and higher in post-treatment period (C, D)
Table 4: Pre- and post-treatment mean±SEM values of PMN
cells in various experimental groups
Treatment

Groups

Pre-treatment
Post-treatment
t-value
Group I
9.67 ± 0.56x
20.83 ± 0.95w
9.815**
Group II
10.17 ± 0.48x
32.00 ± 0.97x
17.860**
x
y
Group III
10.33 ± 0.49
11.33 ± 0.88
1.464NS
Group IV
3.33 ± 0.33y
3.00 ± 0.36z
0.674NS
F-value
50.880**
227.650**
Mean±SEM bearing same superscript in column does not differ
significantly. * P<0.05, and ** P<0.01. NS: Not significant
Table 5: Pre- and post-treatment transcript level of IL-6 gene
in various experimental groups
Groups
Group I
Group II
Group III
Group IV

Fold change in IL-6
Pre-treatment
0.14 (-7.14 fold)
0.23 (-4.35 fold)
0.16 (-6.25 fold)
1

Post-treatment
2.51
4.59
0.12 (-8.33 fold)
1.44

Change in
transcript level
Increase
Increase
Non significant
Non significant

PMN cells count during pre- and post-treatment
period
PMN cells (%) in uterine cytology sample in different
groups before and after treatment was presented in Table
4 and Figs. 3A-D. PMN cells were significantly higher in
group I (2 fold) and II (3 fold), respectively while the
group III and IV did not reveal any difference other than
their corresponding values before treatment.

Relative IL-6 transcript level during pre- and
post-treatment period
The relative transcript level of IL-6 in various groups
before and following treatment was presented in Table 5.
The IL-6 transcript level was decreased (P<0.01) by 7.14,
4.35, and 6.25 fold in group I, II and III, respectively as
compared to group IV cows before treatment. After
treatment, the IL-6 transcript level was increased
(P<0.01) by 2.51 and 4.59 fold in group I and II,
respectively than their corresponding values before
treatment.
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Table 6: Conception rate of post-treatment cows with various drug regimens following first and second inseminations
Groups

Total No. of animals
inseminated

No. of animals
conceived after first
insemination

Conception rate after
first insemination (%)

No. of animals
conceived after
second insemination

Conception rate after
second insemination
(%)

6
6
6
6

4
3
1
5

66.67
50.00
16.67
83.33

4
5
1
5

66.67
83.33
16.67
83.33

Group I (n=6)
Group II (n=6)
Group III (n=6)
Group IV (n=6)

Post-treatment conception rate
The conception rate in group I, II, III, and IV
following first insemination was 66.67%, 50%, 16.67%,
and 83.33% whereas the corresponding values following
second insemination were 66.67%, 83.33%, 16.67%, and
83.33%, respectively (Table 6).

Relative IL-10 transcript level during pre- and
post-treatment period
The relative transcript level of IL-10 in various
groups before and following treatment was presented in
Table 7. The IL-10 transcript level was decreased
(P<0.01) by 9.09, 5.56, and 2.86 fold in group I, II and
III, respectively before treatment than group IV cows.
Following treatment, IL-10 transcript level was increased
(P<0.01) by 3.68 and 5.20 fold in group I and II,
respectively than their corresponding values before
treatment. The IL-10 gene was further down-regulated by
5.56 fold in group III whereas the normal cyclic animals
did not show any significant change.
Table 7: Pre- and post-treatment transcript level of IL-10 in
various experimental groups
Fold change in IL-10

Groups
Group I
Group II
Group III
Group IV

Pre-treatment
0.11 (-9.09 fold)
0.18 (-5.56 fold)
0.35 (-2.86 fold)
1

Post-treatment
3.68
5.20
0.18 (-5.56 fold)
1.04

Change in
transcript level
Increase
Increase
Decrease
Non significant

Discussion
Our data on TLC values were within normal
physiological range as depicted by Benjamin (1979) and
Radostits et al. (2007). In contrast, the TLC values
before and after treatment deviated from Reddy et al.
(2012) and Sahoo et al. (2014) who did not find any
significant difference. Our TLC values also differed from
Sarma et al. (2012) and Heidarpour et al. (2014) who
found lower TLC values after treatment. The significant
increase in TLC values in group I and II cows after
treatment can be attributed to immunomodulation
through chemotactic action of cytokines which might
result in elevation of leukocytes in systemic circulation
(Sheldon et al., 2009).
The neutrophil count before and following treatment
irrespective of drug treatment was found to be within
normal physiological range between 15 and 45%
(Chauhan, 1995). In our study, the higher neutrophil
count in group I and II cows following treatment was
consistent with earlier findings (Ahmad et al., 2003;
IJVR, 2018, Vol. 19, No. 3, Ser. No. 64, Pages 217-224

Biswal et al., 2014). The increase in neutrophil count
before and following treatment might be due to higher
concentration of cytokines which could result in
elevation of neutrophils in systemic circulation (Hogarth,
1982). Our finding on neutrophil count following
treatment was not in line with the agreement of Sarma et
al. (2012) and Heidarpour et al. (2014) who found a
lower value in endometritic cows following treatment.
Our result also deviated from Reddy et al. (2012) who
did not notice any change before and following
treatment. Our data on lymphocyte count was in
accordance with Heidarpour et al. (2014) who reported a
significant decrease in lymphocyte count in both clinical
and subclinical endometritis. The significant variation of
lymphocyte count can be attributed to immunomodulatory action of treated drugs in uterine
environment causing migration of lymphocytes to the
site of action (Hogarth, 1982). In our study, the
eosinophil count showed a significant decline in group I
following treatment while changes in other groups were
non-significant which agrees with Heidarpour et al.
(2014) and Sahoo et al. (2014). The higher value in the
beginning and subsequent dip at day 21 following
treatment might be due to release of histamine and relief
of infection by different drugs during post-treatment
period (Sahoo et al., 2014). The monocyte count
corroborates with Pathan et al. (2011) who recorded 1.62
± 0.12 and 1.53 ± 0.05 in cyclic and non-cyclic cows,
respectively. However, the alteration in monocyte count
might be due to migration of monocytes to uterine lumen
due to opsonisation of uterine microbes. Higher PMN
count in group I and II after treatment was identical to
Biswal et al. (2014) and Sahoo et al. (2014). However,
our PMN count differs from Kasimanickam et al. (2004)
who obtained lower PMN counts following treatment.
This might be due to chemotactic action of cytokines
released from damaged bacteria which could have
triggered the neutrophil count in uterus (Sharma and
Dhaliwal, 2009).
IL-6 and IL-10 transcript level was higher in
endometritic cows than healthy cows in early post
parturient period (Islam et al., 2013; Patra et al., 2014;
Brodzki et al., 2015). However, no significant difference
was observed in IL-10 transcript level in peripheral blood
of endometritic and healthy animals (Duvel et al., 2014).
In our findings, the IL-6 and IL-10 mRNA expression
were down-regulated before treatment compared to
healthy control group. Further, Galvao et al. (2011)
revealed that, lower IL-6 expression might lead to poor
chemotaxis and activation of neutrophils and monocytes
which could impair bacterial clearance. Lower IL-6
mRNA expression in peripheral blood could be due to an
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intrinsic defect in endometrial cell function (Nino-Soto et
al., 2008). In the present study, neutrophil count did not
differ before treatment in various experimental groups
which substantiate the lower transcript level of IL-6 and
IL-10 (Butterfield et al., 2006; Chapwanya et al., 2009).
In the present study, the IL-6 and IL-10 transcript level
was up-regulated in group I and II following treatment
rather than non-endometritic healthy control which can
be attributed to local clearance of bacteria by the
immunomodulatory action of different drugs.
Our findings on conception rate in group I cows were
consistent with earlier reports (Singh et al., 2011; Kumar
et al., 2014) and group II cows (Biswal et al., 2014)
following treatment. In our study, group II cows
registered better bacterial clearance with stronger PMN
cell activity and cytokine expression compared to group I
cows following treatment. However, group I cows
witnessed greater conception rate than group II cows
following first insemination. This might be due to
powerful antioxidant property of α-tocopherol coupled
with bactericidal action of levofloxacin. It has been
suggested that, higher PMN influx coupled with higher
IL-6 expression (4.59 fold in group II against 2.51 fold in
group I) in uterine lumen tends to lower pregnancy rate
in cows (Kasimanickam et al., 2004) which further
validates the lower conception rate in group II than group
I cows. But the conception rate following second
insemination indicates that group II cows registered
better conception rate (83.33%) than group I cows
(66.67%).
Our study indicates that, the administration
levofloxacin + ornidazole + α-tocopherol combination
may provide better conception rate following single
insemination while administration of PGF2α could
register better efficacy in clearing bacterial infection
through stronger PMN cell along with cytokine
expression and better conception rate after second
insemination in post-treatment period. Elevation in PMN
cell influx in uterine lumen with up-regulation in
cytokines causing bacterial clearance justifies the
efficiency of different drugs.

Acknowledgement
We thank Dr. B. Pattnaik for providing the facilities
to conduct this research work at ICAR-Project
Directorate on Foot-and-Mouth Disease, Mukteshwar,
India.

Conflict of interest
None of the authors have any conﬂict of interest to
declare.

References
Ahmad, I; Gohar, A; Ahmad, N and Ahmad, M (2003).
Haematological profile in cyclic, non cyclic and
endometritic cross bred cattle. Int. J. Agric. Biol., 5: 332334.

223

Barlund, CS; Carruthers, TD; Waldner, CL and Palmer,
CW (2008). A comparison of diagnostic techniques for
postpartum endometritis in dairy cattle. Theriogenology.
69: 714-723.
Benjamin, MM (1979). Outline of veterinary clinical
pathology. 3rd Edn., Iowa, USA, The State University
Press Ames.
Biswal, SS; Das, S; Mohanty, DN and Jena, D (2014). Effect
of systemic and local immunomodulation therapies on
conception rate in endometritic cows. Ind. J. Field Vet., 10:
1-4.
Brodzki, P; Kostro, K; Brodzki, A; Wawron, W; Marczuk,
J and Kurek, L (2015). Inflammatory cytokines and acutephase proteins concentrations in the peripheral blood and
uterus of cows that developed endometritis during early
postpartum. Theriogenology. 84: 11-18.
Butterfield, TA; Best, TM and Merrick, MA (2006). The
dual roles of neutrophils and macrophages in inflammation:
a critical balance between tissue damage and repair. J. Athl.
Train., 41: 457-465.
Chapwanya, A; Meade, KG; Doherty, ML; Callanan, JJ;
Mee, JF and O’Farrelly, C (2009). Histopathological and
molecular evaluation of Holstein-Friesian cows postpartum: toward an improved understanding of uterine
innate immunity. Theriogenology. 71: 1396-1407.
Chauhan, RS (1995). Text book of veterinary clinical and
laboratory diagnosis. 1st Edn., Ltd., Delhi, Lordson
Publishers (P).
Duvel, A; Maaß, J; Heppelmann, M; Hussen, J; Koy, M;
Piechotta, M; Sandra, O; Smith, DG; Sheldon, IM;
Dieuzy-Labaye, I; Zieger, P and Schuberth, HJ (2014).
Peripheral blood leukocytes of cows with subclinical
endometritis show an altered cellular composition and gene
expression. Theriogenology. 81: 906-917.
Fischer, C; Drillich, M; Odau, S; Heuwieser, W;
Einspanier, R and Gabler, C (2010). Selected proinflammatory factor transcripts in bovine endometrial
epithelial cells are regulated during the oestrous cycle and
elevated in case of sub-clinical or clinical endometritis.
Reprod. Fertil. Dev., 2: 818-829.
Foldi, J; Kulcsar, M; Pecsi, A; Huyghe, B; De Sa, C;
Lohuis, JA; Cox, P and Huszenicza, G (2006). Bacterial
complications of postpartum uterine in cattle. Anim.
Reprod. Sci., 96: 265-281.
Galvao, KN; Frajblat, M; Brittin, SB; Butler, WR; Guard,
CL and Gilbert, RO (2009). Effect of prostaglandin F2α
on subclinical endometritis and fertility in dairy cows. J.
Dairy Sci., 92: 4906-4913.
Galvao, KN; Santos, NR; Galvao, JS and Gilbert, RO
(2011). Association between endometritis and endometrial
cytokine expression in postpartum Holstein cows.
Theriogenology. 76: 290-299.
Gilbert, RO; Shin, ST; Guard, CL; Erb, HN and Frajblat,
M (2005). Prevalence of endometritis and its effects on
reproductive performance of dairy cows. Theriogenology.
64: 1879-1888.
Heidarpour, M; Mohri, M; Fallah-Rad, AH; Shahreza, FD
and Mohammadi, M (2014). Hematological changes
before and after treatment in dairy cows with clinical and
subclinical endometritis. Comp. Clin. Path., 23: 97-101.
Hogarth, PJ (1982). Immunological aspects of mammalian
reproduction. 1st Edn., Anybook Ltd., Lincoln, United
Kingdom., Springer Publishers.
Islam, R; Kumar, H; Nandi, S and Rai, RB (2013).
Determination of anti-inflammatory cytokine in
periparturient cows for prediction of postpartum
reproductive diseases. Theriogenology. 79: 974-979.

IJVR, 2018, Vol. 19, No. 3, Ser. No. 64, Pages 217-224

224

Kasimanickam, R; Duffield, TF; Foster, RA; Gartley, CJ;
Leslie, KE; Walton, JS and Johnson, WH (2004).
Endometrial cytology and ultrasonography for the detection
of subclinical endometritis in postpartum dairy cows.
Theriogenology. 62: 9-23.
Kasimanickam, R; Duffield, TF; Foster, RA; Gartley, CJ;
Leslie, KE; Walton, JS and Johnson, WH (2005). A
comparison of the cytobrush and uterine lavage techniques
to evaluate endometrial cytology in clinically normal
postpartum dairy cows. Can. Vet. J., 46: 255-259.
Kumar, M; Pant, SS; Ram, R; Kumar, S and Gupta, PK
(2014). Therapeutic efficacy of levofloxacin along with
vitamin E for the management of repeat breeding syndrome
in cow under field condition. Int. J. Vet. Sci., 3: 155-157.
LeBlanc, SJ (2008). Postpartum uterine disease and dairy herd
reproductive performance: a review. Vet. J., 176: 102-114.
Livak, KJ and Schmittgen, TD (2001). Analysis of relative
gene expression data using real-time quantitative PCR and
the 2-ΔΔCt Method. Methods. 25: 402-408.
Mateus, L; da Costa, LL; Bernardo, F and Silva, JR (2002).
Influence of puerperal uterine infection on uterine
involution and postpartum ovarian activity in dairy cows.
Reprod. Domest. Anim., 37: 31-35.
Nino-Soto, MI; Heriazon, A; Quinton, M; Miglior, F;
Thompson, K and Mallard, BA (2008). Differential gene
expression of high and low immune responder Canadian
Holstein dairy cows. Dev. Biol., 132: 315-320.
Noakes, DE; Parkinson, TJ and England, GCW (2001).
Arthur’s veterinary reproduction and obstetrics. 8th Edn.,
W.B. Saunders. P: 864.
Pathan, MM; Das, H; Khan, MJZ; Siddiquee, GM; Latif, A
and Parsani, HR (2011). Comparative studies on haematobiochemical profile of cyclic and non-cyclic HolsteinFriesian cross-bred cows, Waymba. J. Anim. Sci. e-journal.
ISSN: 2012-578X.
Patra, MK; Kumar, H and Nandi, S (2014). Differential
cytokine expression profile in peripheral blood
mononuclear cells of endometritic buffaloes. Indian J.
Anim. Sci., 84: 1265-1269.

IJVR, 2018, Vol. 19, No. 3, Ser. No. 64, Pages 217-224

Powered by TCPDF (www.tcpdf.org)

Iranian Journal of Veterinary Research, Shiraz University

Radostits, OM; Gay, CC; Hinchcliff, KW and Constable,
PD (2007). Veterinary medicine. 10th Edn., Philadelphia,
USA, W. B. Saunders. P: 2065.
Reddy, NCS; Bramhaiah, KV; Naidu, KS and Suresh
Kumar, RV (2012). Effect of uterine lavage therapy on
haematological and biochemical parameters in repeat
breeder cows. Therio. Insight. 2: 1-6.
Sahoo, S; Mohanty, DN; Das, S and Padhy, A (2014). Effect
of uterine immunomodulation on hematobiochemical
parameters in cyclic non-breeding cows. Vet. World. 7:
816-820.
Sarma, DK; Singh, B; Singh, MP; Tiwary, BK and Sinha,
MP (2012). Therapeutic use of immunomodulators in
endometritic cows and their effect on WBC and RBC
indices. Intas. Polivet., 13: 26-28.
Schalm, OW (1965). Clinical hematology for the horse and
cow. Mod. Vet. Pract., 46: 52-53.
Sharma, S and Dhaliwal, GS (2009). Escherichia coli
lipopolysaccharide induced immunomodulation along with
oxytocin administration after mating as a treatment
protocol for persistent endometritis in mares. J. Equine.
Vet. Sci., 30: 259-265.
Sheldon, IM; Cronin, J; Goetze, L; Donofrio, G and
Schuberth, HJ (2009). Defining postpartum uterine
disease and the mechanism of infection and immunity in
the female reproductive tract in cattle. Biol. Reprod., 81:
1025-1032.
Sheldon, IM and Dobson, H (2004). Postpartum uterine health
in cattle. Anim. Reprod. Sci., 82-83: 295-306.
Singh, B; Singh, KP; Singh, SV; Singh, JP and Singh, HN
(2011). Efficacy of intrauterine use of levofloxacin and
alpha tocopherol on conception rate in repeat breeder
crossbred cows. Indian Vet. J., 88: 72-73.
Snedecor, GW and Cochran, WG (1994). Statistical methods.
8th Edn., USA, Low State University Press.
Zemjanis, R (1970). Diagnostic and therapeutic techniques in
animal reproduction. 2nd Edn., North Miami Beach, FL,
U.S.A., Harcourt Publishers., Himeographed Paper
Presented at New England Vet. Meeting.

