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1. Introduction

Ubjective: To determine the concentmation of intedeukin-1, a pro-inflammatoary cytokine in
periparturient cows and their association with the clinical outcome of postpeartum reproductive
dissanes (PRD). Methods: Blaod sampling was done from advancad pregnant cown ¢n 15 days
prepartum (—15 dy, calving day © d), 15 days (15 dy and 30 days (30 d) post partum and thorough
gynaecological examination wae parformed on © d, 15 d, 30 d and 45 d for disgnesia of PRD Like
retained placenta (ROP), clinical medritis (CM), clinical endometritis (CZE), eervicitis (CT) and
delayed involution of uterus OIU), The blood serum was used for estimation of pro—inflarmatory
cylokine Intareukin 1 {IL.-1) in different groupa of cowa using an enzyms immminoassay techniqus.
Resulie: The IL-1 concentmation was significantly higher for normal cows than ROP, CM, CE
mnd DIU cows at 15 d preparium (—15 ) and on the day of calving @ d). However, IL—1 laval was
significantly {P<0.01) lower for normal (574.86+71.52) than ROP (869, 10+66.29), CM (859.58:110.49)
and CE @0233454.02) cows at 30 d (postparhum). The soncentration of TL~1 insreased significantly
froam -1 d through 30 d fer cows mrffering from repanductive diseases, However, the normal cows
showed a decreaning trend from the day of calving till 30 d. Conclnsions: Decreased level of
IL-1 at 15 d priex o at calving may be used to idemify the cows susceptible for development of
PRD. Further, increassd ssrum level of II-1 may ha considered as a diagnoatic tool for screaning
of endomeiritic cows around 4 whk postpartum in a large hexd, whers individual monitoring is
difficult.

reproductive diseases such as puerperal metritie, clinical
endometritis, pyometira and subelinical endometritisll 2],
These discases may delay the complete regeneration of

The muanagement and supervision of the deiry animal
regularly during the transition peried is very much
important for early diagnosis and treatment of periparturient
disesses to maintain effective reproductive health during
the postpartum period. The improper balance beiween
nterine infection and the intrauterine antimicrobial self-
defence mechanisms often lead to the main post partum
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endometrium, and disrupt the resumption of c)rcllc cvatian
function resulting in postponement of the first insemination
{AD, increasing the mumber of Als per conception, and thus
prolonging the calving interval and decreasing the calving
ratel34]. Therefore, early diagnosis of the problems during
advanced pregnancy may help the timely management of
the problem to prevent animals suffering from post partum

complieations.
Interlenkin—1 (IL-1) iz a pleiotropic cytokine that plays
u critical role in the generntion of i Tesponss

and the initiation of many normal biological events(sl. After
stimulation by various factors (e.g. endotoxina), IL1P is
mainly secreted by menonuclear cells, including monocytes
and macrophages, in response to infecticnsa(6l and acts as
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a potent stimulator of T- and B-lymphocytes?l, Increase
in the serum concentration of IL—1 during parturition and
submequent enhancement of contraction and evacuation of
the debris from the werus haz been reportedisl, Expression
lewel of mRNA of various cytokine genes in the endometrial
tissuels-11] and peripheral blood monecytes{12] has been
carrelated with the postpartum reproductive diseases.
However, perusal of available literature revealed no
information regarding the prepartum level of the cytokines in
relation ta the exhibition of postpartum reproductive disease
in cattle in general and concentration of IL-1 in peripheral
blood in particular, It is expected and hypothesised that
being a pro—inflammatory eytokine, [L— 1 may be increased
in the cows suffering from postpartum reproductive discases,
Hence the present study was planned with the objective to
determing the concentration of IL-1 in periparturient cows
for prediction of the postpartum reproductive discases at
least two weeks before or on the day of calving, which may
help in timely management of the cows for the reproductive
problems.

2, Materlals and metheds
2.1, Animals

The experimental animals used in this study were selected
from Vrindavani Cattle herd maintained at Cattle and Buffalo
Farm, Livestock production and Management seotion, Indian
Yeterinary Research Institute, Izatnagar, India. A total of 41
healthy advanced pregnant cows between 2 to 4” parity that
had no reproductive dizerder during the previous pregmaney/
calving were selected randomly at 240 deys of pregnancy,

2.2, Management of onimals

The animals were managed under intensive system in
the cattle sheds, During the day time they were allowed to
Temain in the paddock comnected to the cattle shed, The
feeding and watering of the cows were done in the paddock,
All the animals were maintained under uniform feeding and
managemental conditions,

2.3, (ymaecologion! examinarion of the animals

2.3.1. Prepartum

The pregnancy diagnosis of the cows was performed
routinely in the farm at 60—70 days post ingemination, On
the basis of Al data supported with the record of pregnancy
diagnosis, the expected date of calving was fixed by adding
280 days from the day of ingemination, The parity, previous
details of parturitions and reproductive problems during
periparturient period were ruled out in the experimental
animals by thorough vigil over the AL record, calving register
and tremtment record maintained by the Al section, Before
start of the experiment, the animals were examined per
rectally to ses the status of the gravid uterus, fetal viability
and development ete to include the healthy animals with
normal pregnaney around 240 days. The cows having
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viable fetus in their uterus without eny complicacy were
gelected for this experiment. The selected cows were also
ohaerved visually daily once at merming and if requived
twice daily from 240 days of pregnency till the day of
calving. The varions exteral signs observed visually were
abdominal enlargement, udder development, milk vein, teat
enlargement/secretion, relaxation of sacro—sciatic ligament,
tail head and sacrum, vulva, nature of vulvar discharge,
colour of discharge, and consistency of discharge. The day
of prepartum sample collection was determined considering
hoth the expected date of partimition az well as the external
gigng of pregnancy. On the basis of the progression of the
animals in 4 particular aspect recorded with a numerical
scale, the exact date of first sampling (15 d) were prepaned/
postponed from the expected date of calving, The ranges of
the prepartum collection day fell between 10 - 10 &) to 22
days (- 22 d) prier to calving,

2.3.2. Calving

The cow on the day of calving was monitored Jobserved for
nature of parturition, expulsion of placenta and lochia.

(I)Normal/ abnormal calving: The parturition wasg critically
ohserved for any abnormality like dystocia, abortion or
gtillbirth etc. The cows were alsa observed for any production
discase like ketogis/milk fever or parturient paresis.

(Expulsion/retention of fetal membranes: The placenta
ffetal memhranes) was considered to be retained, if it was
not dropped naturally within 24 h after fetal expulsion,

2,33, Pogtportum

After parturition, the individual cow was critically
manitored for the diagnosis of post partum disorders like
retained placenta, clinical metritis, clinical endometritis
etold]. Uterine invalution and ovarian activity was menitored
at 15, 30 and 45 days post—partum by trans-rectal
palpation[t3],

2.4, Sampling

Rlood wes collected from jugnlar vein at-15 d (15 days
hefore calving), 0 d (day of calving), 15 d (15 days after
calving) and 30 d 30 days after calving) during peripartum
period and allowed to clot and kept at +4 °C till separation
of gerum,

Clotted blood was centrifuged at 3 000 rpm for 20 minutes
in a swing out rotor type of centrifuge Remi, Mumbai), The
geparated serum was aspirated out from the supernatant
gradually without disturhing the sediment. The separated
gerum was transferred to a sterile 2 mL plastic microfuge
tube (Tarsons produsts, Kolkata, India) end stored ot —20 C
till analysis for assay of Interleukin 1,

2.5, Assay of inserleukin~1I (H~I)

Out of the 41 cows included in the experiment, 17 were
having different post partum reproductive diseases (PRD), Of
the 17 cows with PRD, one cow suffering from cervicitis was
not incladed for analysis. To study the -1 profile, serum
gamples of six normal representative animals was selected
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randomly from the 24 normal experimental cows, The
eytokine profile of these gix normal cows was considered as
eontrol to compare the profile in the cows suffered from PRD
=18,

2.5.1. Procedure

The interleukin —1 concentration in serum (ELISA) was
estimated with commercially available bovine specific kit
(Cusabia) from 15 days prior to calving (-15) until 30 days
post calving (30 d). This assay employs the competitive
inhibition enzyme immunoassay technique.

2.5.1.1. Reagere preporution

All the kit components and samples were brought to room
temperature 30 min before use (18—25 ), Fifteen ml of wash
ffer concentrate 20 was diluted with distilled water to
prepare 300 mL of wash buffer (1x,

2.5.1.2. Assay procedioe
A blank well was set without any solution. Fifty L of

standards or samples were added to the assigned wells of
the antibody pre—coated microtitre plate except in the blank
well. Fifty pL of conjugate was added to each well excepting
the hlank well and mixed the content properly. The plate
was covered with the sheet provided with kit to close all
the wellz and kept for incubation at 37 C for 1 h, After
incubation, the content of the well was decanted, All the
wells were filled with the wash huffer one by ane with help
of a squirt bottle, given mild jerk to wash the well properly
and then decanted, The procedure of washing was repeated
for five times, After final wash, the plate was inverted and
dried by hitting onto an absotbent paper, until no maigture
appeared. Fifty ¢ L of HRP—Avidin (not to blank well) was
added te sach well. The plate was sealed and incubated for
30 min at 37 'C. The washing of the wells for five times as
mentioned above was done. Fifty ¢, of Substrate A was
added to each well. Fifty pL of Substrate B was added
to each well, mized well and the plate was again covered as
described and kept for incubation for 15 minutes at 37 °C in
dark environment. Finally fifty £ L of stop solution was
added to each well and gently tapped to ensure thorough
mixing, The optical density (OD) was determined at 450 nm
uging a microplate reader Biorad, 1SA) within 10 min,

Standards of known concentrations of IL-1 (pg/ml) 250,
500, 1 000, 2 000, and 4 000 were run concurrently with the
gample being assayed. Average of OD was calculated out
for cach standard and blank. The average 0D of hlank was
gubtracted from the average OD of Standard and samples
and a standard curve was plotted relating the resultant OD
of the standands to the concentration of IL~1 in the standard.

The unknown IL-1 concentration in each sample was

interpalated from the curve.

2.6, Seasissionl analysis

The data on IL-1 concentration in gerum of periparturient
animals was snalyzed by Analysis of Varianoe Test (ANOVA)
nsing statistical softwars SPSS version 16, Data wers
gkewed and were transformed to their natural logarithm and
then back—transformed for data presentation. The effects
of postpartum reproductive discases (Control, Retained
placenta, Clinical metritis, Clinical endometritis and
delayed involution), and periods (days of sample collection
-15d, 0 d, 15 d and 30 d) were observed. When an effect
hetween groups and time was observed, post-hoe multiple
comparisns were performed using Duncan’s multiple range
test and cross checked with LSD, All the data are expressed
as Mean 25.EM, The level of significance was set at P<0.05,
When P<0.10 indicates tendency to be significant,

3. Resyity

The IL-1 level (pg/ml) in cows suffering from varions
reproductive diseases during periparturient peried from
-15 d (prepartum) to + 30 d (post partum) iz presented in
Table 1. The level of IL-1 differed significantly hetween the
groups at =15 d, 0 d (P<0.05) and 30 d (P<0.01), The IL-1
concentration was significantly higher for Normal cows
(664.88164.79) than ROP (441.62+71.47), CM (435.004103,23),
CE (454,89649,000 and DI (437.04483.17) at —15 d prepartum,
The level was also significantly higher for nommal cows
on the day of calving (¢ d) than the cows suffering from
various reproductive diseases, However, IL-1 level was
gignificantly (P<0.01) lower for normal (574.86171.52) than

I'able 1

[L-1 concentration -|-g."uaJ.| in the |JI‘]']!BIH‘|'(|[ blood of cows with or without postpartim ll'|1|u|||l='lju-1|j.~|-‘|.-t'.-_

NG Periparturient period (days) Ovetall
—154d od 15d 304

ROP (%) 441.62+71.47" 461.36+62.79"" 618.88+54.61° 869, 10+66.30"" 606.92+42 55"

CM (5) 435.00:+103.23" 450,952 104, 14" 679.09+£81.22"" 859.58+110.49"" 608.41+60.85"

CE (6) 484.89+49.00" " 520.46+51.16""" 637.32+63.81" 902.33+54.02" 642.83+43.44"

DIL (3} 437.04+83.17" 286.49+42 95" 471.56+24.16" 606,14 18,09 450.31240.20"

NM 6y 664, 88:+64,79" 737.45+95.52 T01.81+609.51 574.86+71.52° 669.752+37.94"

Overall 29) 530.64237.91" 550.96+46.21"

646.45+32.43" 750.01+41.83" —

ROP: Retained placenta; CM: Clinical metritis; CE: Clinical endometritis; DIU: Delayved involution of uterus; NM: Normal; Values are shown as

mean+SEM: Means with different superscripts in a column (a, b, o) and row (A, B, C) differ Fjgl]i[irurlﬂ}:H\l'a'u“ means with different superscripts

in a column ip, q, 1 and row (P, Q, By dilfer significantly. Figures within parenthesis indicate number of observations. All five cows [rom CM

group of cows and two cows from CE group had suffered from ROP.
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ROP (859, 1046629, CM (859.58+110.4% and CF. (902.33154.02)
cows at 30 d (postpartum),

The concentration of IL—1 increased significantly from
15 days before calving through 30 days post partum for
all groups’ of cows suffering from reproductive disensss.
However, the normal cows showed a decreasing trend from
the day of calving (737.45495.52) to 15 d (701.81468.51) and
30 d (574.86171.52), when the value became significantly
(P<0.01) lower than ROP, CM and CE.

4, Discassion

The significantly higher level of IL—-1 ohserved for
normal than cows with PRD during —15 d to the day of
calving might be attributed to the natural conditioning of
the animal necessary for the labor as reported eatlier in
preierm labor of women(14l, The increased IL-1 in the late
geatation followed by a decrease during postparium period
in murinells] is in concurrence with the present finding.
A decreased [L-1 level in cows with PRD during —15 d to
15 d pp indicates disturbed immune mechaniem in these
animals around calving day leading to development of ROF,
CM and CE. In line with the prezent siudy a decrensed IL-1
expression in monocyles from peripheral eirculation of
metritic cows and endometrial cells from endometritic cows
during 7 to 14 d pestpartum has also been reported [L1,12],
However, the source and nature of determination of IL-1 was
1eal time expression in monocyte in the previous study and
being estimation ¢f protein in the blood serum in the present
study. The proinflammatory cytokines (TNFx and I.-1)
enhance phagocytoais and bacterial killing by professional
phagoeytes, neutrophils and monoeytesli,17], Impaired
mongcyte fimetion at various days of parturition from calving
to 42 days post calving was reported to be pasociated with
the development of meiritia 2],

Further, a Linear increasing trend waa observed from
—15d through 30 d postpartum in cows suffering from ROP,
CM and CE. The values could not he compared prepartum
due to the non—availability of literature in respect of IL-1
concentrution in the blood circulation. The higher IL—1 level
in cows with PRD on day 30 is in agreement with the finding
of increased expression of [I.-1 on day 35 and 4% pp in
endometrial cells from endometritic cowslll] and on the day
0 to 7 and 21 to 28 by Escherichia colf stimulated cireulating
monoeytes[il], They further speculsted that decreased
expression of pro—inflammatory cytokines (TNFa and IL-1)
could lead to poor chemotaxis and activation of neutrophils
and monocytes, which would impair hacterial clearance and
predispose cows to development of endometritia. However,
they reported decreased expreasion of IL~1 in monocyte
on day 14 and 35 pp. The cellular expression of mRNA
transcript and protein level in the blood may vary. Since,
synihesis of the primary RNA transcript @mRNA) is the fist
step in protein production and secretion, several factors
can affect the process and ultimately the amount of protein
that can be measured in the circulation, namely post—
transcriptional modification of mRNA, mRNA degradation,
post—tranalationsl medification of proteins, protein targeting
and transport, and protein degradationiiL.191

T1.~1 is produced as a proeyiokine upon initial stimulation

of immune cells via toll like receptors. [ta release is
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required for the subsequent releage of other inflammatory
and anti inflammatary eytokines to remove and resolve the
infection. IL—1 level declined in normal cows from 0 d to
30 d and became significantly lower than ROP, CM and CE
at 30 d postpartum. Due to the linear decrease in normal
cows and increase in cows with PRD, the velues did not
differ significantly at 15 d postpartum, The decline in
IL-1 concentration in normal cows from the day of calving
might be due to the intrinsic mechanism of animal under
natural involution process. The higher 1.1 level at -15 d
and calving day in normal cows might be due to a greater
active innate immunity during calving or hefore calving
and therefore, they remained healthy during the pnerperal
petiod. Elevated plasma levels of proinflammetory cytokdnes,
TNF—a, IL-1 and IL—6 during late gestation are not necessarily
detrimental to the course and outcome of pregnancy but may
be a part of a regulatery network in normal pregnancy and
parturition in mumine [1519 and cowal20l supports the present
study,

The significantly lowsr IL~1 in the normol cows seen ot 30 d
posiparium might indicate the healthy status of the uterus
and become free from infection as alao revealed in clinico—
gynaecological examination. It is alao interesting to note that
some of the animals in the present study that did not suffer
from any kind of reproductive diseases had nearly involuted
uterus by 15 d postpartum. The grentest reduction in uterine
size in cows with an undisturbed puerperium was reporied 1o
occur 10~14 days after calvingl21L In most of normal animals,
the uterus was found to be groasly involuted or near to
involution by 3¢ d postparhim. However, cows with uterine
diseazes had suffered from delayed involution of uterus and
aome cown showed purulent discharge of varying degrees
indicaied heavy load of infection. Of the five metritic cows,
one cow showed persistent severe purulent wierine discharge
till 50 daya pp. The higher level of IL—1 at 30 d in cows with
PRD might be arsoviated with infection and inflammation of
the wterus.

Due to paucity of litetaturs, the IL-1 protein level in the
peripheral circulation at varicus days of periparturient
period could not be compared in cattle. The concentrations
of cytokines IL-1, TNF-& and [L—6 increased most
significantly in lochia of women patients with postpartum
endometritis and active viral infection by 3.4, 4.2, and
1.6 times, respectively2?] was in accordance with the
IL-1 concentration in cows suffering from PRD on day
30 postpartum in the current study. -1 is a p]llotroplc
cytokine that plays a eritical role in the generation of
inflammatory response and the initiation of many normal
biological events(s]l. After stimulation by various factors
(e.g. endotoxing, IL1 is mainly secreted by mononuclear
cells, including monocytes and macrophages, in response
to infections(]l and acts as a potent stimulator of T— and
B-lymphocytzal7l

The lower IL~1 concentration in cowa 15
to the day of calving might lead to the development of
uterine disesse due to the immunological imbalance in
terms of disturbance in PMN number, function and migmtion
to the wlerus. Role of rise in the serum concentration of IL1
during parturition for increased leucocyte trafficking in the
uterus has heen reported®l. The main pro—inflammatary
cytokines (IL-1 and TNFux) stimulate the expression of IL-8
snd adhesion molecules on vascular endothelial cells,
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leading to neutrophil and monocyte chemo—attraction, and
activate neutrophils and monoeytes, promoting increased
phagocytosis and bacterial killing{1729], The increased
concentration of IL.-1 during parturition has resulted
inerease in leucocyte trafficking in the endometrial tisaue by
enhancing vasodilatation. IL—1 inereases the plasma caleium
concentration, which stimulates myometrial contractions
and the removal of debris from the uterus. The eytokine
also stimulates prostaglandin synthesis, which enhances
contraction and evacuation of the uterusi®24]. Therefore,
higher level of IL-1 before calving and around calving day
in the present study indicated higher immunity against
reproductive diseases in healthy cows and therehy protected
them from the development of PRD, The decreased L1
cenceniration preparium may be used for prediction of cows
at prepartum for development of postpartum reproductive
diseases and increased concentration at 30d postpartum

may he used as a diagnostic marker for the reproductive
diseases

Messurement of IL-1 prepartum hos the potential to show
immune statuz of the animals against pestpartum uterine
diseasea. Decreased circulatory level of Tl-1 at 15 d prier
or at calving may be used to identify the cows susceptible
for development of post partum reproductive dizseases
(PRD). Increased serum level of -1 may be congidered
as o diegnostic tool for sereening of endometritic cows
around 4 week postpartum in a laxge herd, where individual
monitoring is difficult.

Declare of interest statement
We declare that we have no conflict of interest.

References

[1] Foldi J, Kulosar M, Pecsi A, Hhuyghs B, de Sa C, Lohuis JACM, e 5L,
Bacterial complications of postpartum uterme involution in cattle,
Anim Reprod Sei 2006; 96: 265231,

[2] Sheldon IM, Lewis G5, LeRlanc 5], Gilbert RO. Defining postpartum
uterine disesse in cattle. Theriogenology 2006; 65: 1516-1530.

[3] Hussain AM, Daniel HCW, Roving normal and abnormal
reproductive and endocrine fimetions in the pomparnm period: a
review, Reprod Dom Aném 19913 26: 101-111,

[4] Sheldon T™, Crenin J, Goetze L, Donofrie G, Schuberth HJ, Defining
postpartum utering disease and the mechaniems of infection and
immymity in the female reproductive tract in cattle. Biol Reprod
200%; B1: 10251032,

[5] Dinarelln CA, Riologic hasis for interlenkin-1 in discase, Blood
1996; BT 20952147,

[6] Dinarello ¢4, Blacking IT~1 in systemie inflanmation, J Bgp Med
2005; 201: 1355-1359,

[7] Emuma 5W. Cytokines in implantation, J Reprod Fersd Suppl 2000;
§5: 3142,

[8] Davidaon JA, Tiemsmm U], Betts IG, Hangen FJ. DNA synthesis and
prostaglandin secretion by bovine endometrial cells is regulated
by I~1. Reprod Fersid Dey 1995, T 1037143,

[5] Gabler C, Drillich M, Fischer C, Halder C, Hoarmrieser W, Einspanies

it ald Astan Parctfic Jo

irl of Reprodur

daan (200 33 16-320

R. Endometrial sxpression of selected transoripts invalved in
prostaglandin eynthesis in cows with endometritis, Theriagenology
2002; 71: 993-1004.

[10]Herath &, Lilly ST, Santoa NR, Gilhert RO, Gaetze L, Bryant
CE, ct al. Expression of genes nsaccigted with immunity in the
endometvium of cattle with disparat: postpartum uterine diseass
and fertility. Reprod Biol Endocrinel 2000, 7: 55.

[11]Galvac KN, Santcs NR, Galvao J5, Gilbert RO. Association between
encometritis and endametrial eyiokine expression in postpartum
Haolstein oows. Theriogenology 2011; 76: 250299,

[12]Calvac EN, Felippe MJB, Brittin 5B, Sper R, Fraga M, Galvao J5,
et al. Evaluation of cytokine expuession by blond menoeytes of
lantating Finlatein mowa with or without postpartum otesine diseass.
Theriogenology 2012; TT: 356372,

[13Eemjanin R, Dicgnostic ond therapentic rechniguer in animel
reproduction. Ind od. Baltimore-Williamas and Wilkine Co.;1570.
[14]Witkin S, Linhares IM, Bongiovanni AM, Herway C, Skupski D,
Unicque altetations in infectim—induced mmune activation duting

preguaney. BI0G: An Inz J Obse Cynae 2011; 118: 145-53.

[15}0mei NM, Gopichandran N, Ekbote U¥, Walker JJ, Murine asrum
eytokines throughout the estrous eycle, pregnaney and post partum

[16]Wang JM, Sica A, Peri G, Walter S, Padura IM, Libby P, et al.
Exprennion of momoeyte chemotactic protein and interlenkin-8
by oytokine—activated homan vascular samooth muscle cells.
Arterioscler Throm 1991; 11: 1166-1174.

[17]Roach DR, Bcan AG, Demsngel C, Franes: MF, Briscoe H, Britten
WI1. TNF regulates chemokine induction sssential for osll
recruitment, granuloma formation, and clearance of mycobacterial
infection, J fmmenod 2002; 168: 46204627,

[18]Pique M, Lopez IM, Foisaao 5, Giigo R, Mendez B A combinatorial
code for CPE~medinted tranalational control, Cell 2008; 132: 434—
448,

[18]De M, Sanford TH, Woad G. Detestion of interlenkin-1,
interleukin—§, and tumor necrosia factor—a in the uterus during the
second half of pregrancy in the momise. Endocrinology 1992: 131:
14210,

[20]Koets AP, Schwartx ND, Tooten P, Kankofer M, Brockhuijsen—
Davies JM, Rutten YPM®G, et al. Belease of proinflammatory
aytokines related to Inteclysia and the periparturient acute
phase respones in prostaglandin—induced parturition in cowsa.
Theriogenology 199%; 49: 797812,

[21]Bajoay AC, Szenci O, Van der Weijden GC, Donrnenbal A,
Maasgen F, Bartyik . The effect of a eingle oxytocin or carbetocin
treatment on uberine conteactility in ealy postpartum daity oo,
Theriagenalogy 2006; &5: 400—414.

[22Bukhikh GT, Kesabulatov NM, Van‘ko LV, Ordzhonikidze NV,
Veryasov VN, Danelyan SZ. Ratio between the aumber of Thi
and Th? lymphacytss in the peripheral hlond and concentration
of proinflammatory cyickines in lochia of women with postpartom
endometritie, Bull Exp Hiol Med 2005; 140: 672674,

[23]Sica A, Mateushima K, Yan Damme J, Wang JM, Polentaratti N,
Dejana E, et al. IL-1 transcriptionally activates the nentrophil
chematactic facta/IL—8 gene in endothelial cells, Inmunol 1990;
69 34859

[24}5ingh |, Murray RD, Mahelia G, Woldehiwet Z. The immune statos
of the bevine ubzus during the peripartum period The Ve J 2008;
175: 301-309.



