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Structural uterine changes in postpartum endometritis in cows
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Abstract

Aim: The purpose of this work was to study the dynamics of structural manifestations of acute cases of postpartum
endometritis in cows.

Materials and Methods: The light and electron microscopy methods were used when studying structural changes in the
endometrium in case of postpartum endometritis in seven cows. Sections of endometrial specimens for light microscopy,
5-7 um thick, were stained with hematoxylin and eosin and also by Van Gieson’s. For electron microscopy, semi-thin
sections were stained with Azur-2 in combination with basic fuchsin, as well as contrasting by lead citrate and uranyl
acetate.

Results: As a result of the study, we have established the following: Necrobiosis of the epithelial layer of the mucosa,
cellular infiltration with shaped elements of blood in the functional layer, swelling of the cells of the uterine gland, and
single microbial cells on the surface of the mucosa. We have noted edema of the stroma of the functional layer of the
endometrium, swelling of the epithelial layer of the endometrial mucosa, and swelling of fibroblastic and lymphoid cells.
Ultrastructural changes in endometrial cells in case of acute postpartum endometritis in cows are accompanied by the
destruction of microvilli on the apical surface of the epithelium, an abundance of coccal microflora on the surface of the
epithelium, necrobiosis of epithelial cells, and partial edema of the nucleus, and cytoplasm of the histiocyte.

Conclusion: We had established that acute purulent-catarrhal dystrophic processes were observed in the structural
organization of the endometrium. In the depth of catarrhal mucus on the surface of the endometrium, there was an abundance
of bacterial flora, with diplococci being prevalent. In ultrastructural organization of the endometrium, we observed deep
dystrophic and necrobiotic processes in the parenchyma and endometrial stroma, as well as exudative processes with a
change in the integrity of the microcirculatory bed. Thus, to prevent an inflammatory process from turning into a latent form,
it is necessary to detect acute postpartum endometritis promptly using diagnostic methods taking into account the obtained
parameters of the dynamics of structural changes in the uterine tissues.

Keywords: cows, histological, macroscopic, postpartum endometritis, subclinical endometritis, ultrastructural changes of
the endometrium.

Introduction in endometrium and myometrium characterized by
hypotension of the uterus, swelling of the serous and
muscular membranes, absence of signs of retraction,
diffuse infiltration of the endometrium with lymphoid
cell elements, necrosis, decay and rejection of the sur-
face layer, severe vascularization, and blood filling
of the blood vessels, as a result of which a bleeding
wound surface is formed in the uterus and abundant
bloody discharge from the genitals. Favorable condi-
tions are created for penetration into the uterus cav-

Many scientists believe that diseases of the
reproductive organs in cattle represent one of the most
important problems of modern veterinary obstetrics
and gynecology since they are the main cause of long-
term infertility in cows, accompanied by a decrease in
milk productivity, cessation of lactation, and prema-
ture culling. In diseases of reproductive organs, the
body and genitals develop profound structural changes
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ity and reproduction of pathogenic microorganisms,
the toxins of which intensify the metabolic disorders
and microcirculation in the affected tissues. A vicious
circle of pathological processes is established with a
change in cause-effect relationship. In the develop-
ment of the pathological process, the role of oppor-
tunistic microflora is significantly increased due to
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the increase in its virulence and the number of strains
resistant to drugs, as well as to the high incidence of
infection in pregnant animals.

Therefore, one of the central problems of
insufficiently effective cows’ therapy and the risk
of increasing postpartum complications is the con-
stantly increasing drug resistance of pathogens. In this
regard, continuous monitoring is necessary both over
the composition of microorganisms and pathogens
and the dynamics of development of their resistance.
This allows us to develop an adequate strategy and
tactics of antibiotic therapy in the specific conditions
of each dairy complex or farm with the inclusion of a
wide spectrum of action in the curative course.

Pathogenetic changes in endometritis in cows are
largely determined by the state of natural body resis-
tance while the level of local protection of any organ
is inextricably linked to the level of its structural orga-
nization. This fact is not always taken into account in
the pathogenesis of endometritis [1-13]. Along with
this, pathology of the endometrium usually affects
cows, which acquires subclinical mastitis in the 1* day
after calving. Studies have shown that 37.3% of cows
in the postpartum period are affected by both mastitis
and endometritis and, in 54% of cases, by purulent-ca-
tarrhal form [14], which is directly related to patho-
genic and opportunistic microflora [15-21]. It should
be noted that subclinical endometritis develops in case
of untimely diagnosis or unskilled care, which is one
of the most significant causes for reproductive system
disorders in cattle breeding [22-28]. This disease is
the most common of all uterine diseases and affects up
to 30% of lactating dairy cows [29-31]. In individual
farms, this figure ranges from 11% to 70% [32,33].
Statement of subclinical endometritis is manifested
in multiple and ineffective inseminations. Along
with this, rectal examination shows a lowered tone of
the uterine horns in the preterm phase of the sexual
cycle when the yellow body undergoes regression.
At the end of the estrus, one can notice the presence
of pus threads or flakes in the mucus [34]. A num-
ber of researchers indicate that in 24-64.7% of cows
after clinical recovery, there are complications in the
form of latent endometritis [35-37]. This can be eas-
ily missed when examining an animal. To prevent the
process from turning into the latent form, it is neces-
sary to detect acute postpartum endometritis promptly
using diagnostic methods taking into account the
dynamics of structural changes in the uterine tissues.

In this regard, many of the proposed drugs for the
treatment of cows with endometritis, without regard to
their effect on the structural organization of the uterus
and the animal’s organism as a whole, do not have
the desired effect or are far from inexpedient. Earlier,
similar studies were conducted but without electron
microscopy.

The aim of this work was to study the dynamics
of structural manifestations of acute postpartum endo-
metritis in cows using electron microscopy.

Materials and Methods

Ethical approval

This study obtained ethical clearance from
the Bioethics Commission of Peoples’ Friendship
University of Russia.

Materials

The present study was carried out in accordance
with the state program of All-Russian Scientific
Research Veterinarian Institute for Pathology,
Pharmacology, and Therapy in 2005-2015 in the
Laboratory of Pathomorphology on the basis of com-
mercial dairy farms in Voronezh Region. Experiments
were conducted on a large number of livestock, and
for selective research from experimental animals, the
slaughter was carried out to take samples of the endo-
metrium at meat control points. In addition, a biopsy
material was used.

As a rule, the transition of the organism from
the normal to the pathological state occurs at the level
of the structural organization of the cells and tissues
of organs in the absence of clinical deviations from
the physiological norms of the organism. Thus, carry-
ing out ultrastructural study is necessary to elucidate
the pathogenetic mechanisms of the development of
pathology in the endometrium in cows with a latent
period in cows.

Electron microscopy

When studying the structural changes in the
endometrium in postpartum endometritis in seven
cows, we used the light and electron microscopy as
the most reliable method for diagnosing acute post-
partum endometritis [38].

After an autopsy of cows euthanized for house-
hold needs and evaluation of the macroscopic pic-
ture indicating purulent endometritis, the material
for histology was fixed in 10% solution of neutral
formalin and Carnoy fluid, and sections 5-7 um thick
were stained with hematoxylin-eosin, Van Gieson’s,
and Azur-2 in combination with basic fuchsin and
toluidine blue. Fixation of the material for electron
microscopy was carried out in the 2.5% solution of
glutaraldehyde with postfixation in 1% solution of
osmium tetroxide. The material was encapsulated in
Epon 812. Semi-thin sections stained with Azur-2 in
combination with the basic fuchsin were analyzed in
the light microscope “Leica.” Ultrathin sections were
prepared on Ultramicrotome Ultracut “Leica,” con-
trasted with lead citrate and uranyl acetate, and ana-
lyzed in Philips EM 208 electronic microscope.

Results

At autopsy revealed hyperemia and puffiness
of the mucous membrane of the vaginal vestibule,
as well as abrasions, spot, and banded hemorrhages.
In the lumen of the vagina, there was a purulent-mu-
cous exudate, which was released from the cervical
canal. Cervical canal was opened. Folds of the vaginal
part of the cervix appeared swollen, edematous, and
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hyperemic. Point and banded hemorrhages were also
detected here. In some places, there was the complete
absence of epithelial lining, while in the structural orga-
nization of the functional layer of the mucous mem-
brane, there was an abundance of blood cells against
the background of lymphoid and epithelial clusters.
An endometrium appeared swollen, abundantly infil-
trated by the emigrated cells. In the thickness of the
endometrium, the uterine glands were edematous and
contained swollen epithelial cells. They were sur-
rounded by inflammatory infiltrates, often exudative.
Epithelium lining of the inner surface of the uterine
glands did not preserve its integrity. The nuclei of cells
of the glandular epithelium were found predominantly
in the middle part, in places where there was a decrease
in nuclei number and their wrinkling. Deeper lesions
of the uterine endometrial glands were accompanied
by necrobiosis of glandular epithelium cells and their
rejection from the stroma of the uterine gland in its
lumen. In the surface layer of the endometrium, there
was cellular detritus with an inflammatory infiltrate.
An abundant catarrhal exudate was accumulated here
with shaped blood elements and microbial cells. The
uterine vascular bed was characterized by swelling of
vascular endothelial. Furthermore, there was a signif-
icant change to smooth muscle cells, fibroblasts, and
other tissue elements of the endometrium. In the deep
layers of the endometrium, the uterine glands were
mostly found in a state of necrobiosis (Figure-1).
Electron microscopy on the apical part of the
epithelium of the endometrial mucosa revealed the

destruction of microvilli. Here, we detected microflora
and catarrhal mucus with accumulated microflora. In
the ultrastructural organization of the endometrium,
deep dystrophic and necrobiotic processes in the
parenchyma and stromal cells, as well as exudative
processes with a change in the integrity of the micro-
vasculature, were observed (Figure-2).

In the cellular infiltration of the bacterial flora,
diplococci with deformed membranes prevailed.
We revealed the violation of microbial cell function
against the background of histiocytic macrophages.
There were increased numbers of apoptotic bodies
and necrobiotic cells in the uterus mucosa. There was
partial swelling of the nucleus and cytoplasm in his-
tiocytes of the endometrium. There were fragments of
plasma cells and lymphocytes, and macrophage cells
in the uterine mucosa were activated. Swelling of the
wall of the blood capillaries and their endothelium
was noted. An integrity of the microcirculatory vascu-
lar bed was disturbed.

Discussion

Acute postpartum endometritis in cows is char-
acterized by catarrhal discharge from the uterus,
mucopurulent outflow from it. Cervical canal during
this period, as a rule, is open. In this case, in cows on
10-15 days after calving, involution of the uterus is
significantly delayed, and its magnitude varies within
the range of 35-55+5-7 cm, which corresponds to its
value in the period of 3-4 months of pregnancy [39].
Catarrhal exudate accumulates mainly around and

endometritis in cows: (@) Necrobiosis of the epithelial layer of the mucosa, (b) cellular infiltration with the shaped blood
elements in the functional layer, (c) swelling of the cells of the uterine gland, (d) single microbes on the mucosa, (e) swelling
of the stroma of the functional layer of the endometrium, (f) swelling of the epithelial layer of the endometrial mucosa,
(g) endothelial dystrophy of vessels, and (h) swelling of fibroblastic and lymphoid cells. Color: (a) Hematoxylin-eosin,
(b-d, g, h) Azur-2 in combination with basic fuchsin, and (e and f) toluidine blue. Magnification: (a) 320, (b-d and e) 800,
(f) 700, (g) 400, and (h) 200.
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Figure-2: Ultrastructural changes in endometrial cells in acute postpartum endometritis in cows: (a) Destruction of
microvilli on the apical surface of the epithelium, (b) abundance of coccal microflora on the surface of the epithelium,
(c) necrobiosis of epithelial cells, (d) partial edema of the nucleus and cytoplasm of the histiocyte. Magnification: (a) 3500,

(b) 5600, and (c and d) 2800.

near the caruncles [40] and against the background
of a mucous catarrhal deposit on the mucosa where
there are multiple points and spotted hemorrhages.
At the level of light microscopy in the mucous mem-
brane of the uterus, there is a violation of the integ-
rity of integumentary epithelium, its necrosis, and
desquamation. Polymorphonuclear cells are visible
at least of all [25]. These exudative-infiltrative pro-
cesses encompass the entire thickness of the endome-
trium and characterize its edema [40]. Therefore, the
endometrium appears swollen, abundantly infiltrated
by various cells. Uterine glands in the thickness of
the endometrium, as a rule, are swollen and contain
swollen cells in the environment of inflammatory-ex-
udative infiltrates. Epithelium lining the inner sur-
face of the uterine glands does not retain its integrity.
Nuclei of cells of the glandular epithelium are located
mainly in the middle part, in places, there is a decrease
in nuclei in size and their pycnosis [41,42]. Deeper
lesions of the uterine glands of the endometrium are
accompanied by necrobiosis of the cells of the glan-
dular epithelium and their rejection from the stroma of
the uterine gland into its lumen. Functional character-
istics of the revealed histomorphologic changes in the
endometrium in cows with acute postpartum purulent
catarrhal endometrium are refined by electron micros-
copy, in the form of ultrastructural organization of
mucosal cells. On the apical part of the epithelium,
which remains intact on the surface of the endome-
trial mucosa, destruction of microvilli and accumu-
lation of catarrhal mucus with microflora are noted,
which herald functional disturbance of endometrial
cells. Furthermore, an apical part of the epithelium is
destroyed, loses microvilli, vacuolizes, and becomes a
homogeneous mass. In the thick of catarrhal mucus on
the surface of the endometrium, there is an abundance
of bacterial flora, in which the prevalence of diplo-
cocci is observed. In places, there is destruction of the
bacterial flora and the appearance of macrophages and
histiocytes. However, there are single bacteria against

the background of multiple enlightened mitochondria
in the epithelial layer and deep layers of the endome-
trium. In most cases, necrotic processes are observed.
In the endometrium, microcirculatory bed in the
parenchyma of the organ significantly changes. In this
case, sharp swelling of the endothelium of blood cap-
illaries, vessels, and sometimes even small capillaries
is observed.

Conclusion

Macroscopic changes in postpartum endometritis
in cows are characterized by the presence of hyperemia
and swelling on the mucous membrane of the vaginal
vestibule, vagina, and cervix with spot-spotted and
banded hemorrhages covered with purulent mucous
exudate. Abundant catarrhal deposits with multiple
spot-spotted hemorrhages can also be observed. At
days 10-15 after calving, the size of the uterus in cows
varies within the range of 35-55+5-7 cm. At the level
of light microscopy in the mucous membrane of the
endometrium, in case of postpartum endometritis of
cows, we can see the violation of the integrity of integ-
umentary epithelium, followed by its disintegration
and desquamation into the uterine cavity. Pathological
process is penetrating the deeper layers of endo- and
myometrium in the form of exudative-infiltrative
changes. Edema of the functional layer of endo-
metrium is accompanied by diffuse cell infiltration
containing an abundance of necrobiotic leukocytes,
lymphoid, and tissue cells as well as accumulation
of purulent cells in the lumen of the uterine glands.
Catarrhal exudate predominates on the exposed sur-
face of the endometrial mucosa. Catarrhal exudate
comprises loose epithelium, blood cells, and colonies
of microorganisms. In the ultrastructure of endome-
trial cells, there are irreversible changes in cytoplas-
mic organelles, nuclear karyoplasm, and nucleoli.
Diplococci with deformed membranes are prevalent
in the cellular infiltration of the bacterial flora. We can
see the violation of microbial cell function against the
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background of histiocytic macrophages. The number
of apoptotic bodies and necrobiotic cells in the func-
tional layer of the endometrium is increased. There is a
partial swelling of nuclei and cytoplasm in histiocytes
of the endometrium. There are fragments of plasmatic
cells and lymphocytes, and macrophage cells are
activated in the functional layer of the endometrium.
Swelling of the walls of blood capillaries and endothe-
lium occurs. The integrity of the microcirculatory bed
is disturbed. To minimize the influence of subclinical
endometritis on the fertility of dairy cows, it is first
necessary to know the causes and predisposing factors
of subclinical endometritis [39] and also to detect and
treat acute postpartum endometritis promptly as one
of the factors in the development of the subclinical
form of the disease.

Authors’ Contributions

SMS, BVU, YAV, and EVK had the original idea
for the study and carried out the design. MVB col-
lected the samples. EVK, VIP, EVR, and MUL were
responsible for data analysis, data cleaning. YAV, VIP,
EVK drafted the manuscript. The final draft manu-
script was revised by all authors. All authors read and
approved the final manuscript.

Acknowledgments

The authors would like to thank the All-
Russian Scientific Research Veterinarian Institute for
Pathology, Pharmacology and Therapy, for providing
the facilities to carry out the research work. The pub-
lication was prepared with the support of the “RUDN
University Program 5-100"(the agreement number
02.203.0008).

Competing Interests

The authors declare that they have no competing
interests.

References

1.  Abuda, FH. (1982) Gistomorfologicheskaia i gistohi-
micheskaia harakteristika skrytogo endometrita korov/
Aktualnye voprosy akushersko-ginekologicheskoi i hiru-
rgicheskoi patologii selskohoziaistvennykh zhivotnykh
[Histomorphological and histochemical characteristics of
hidden endometritis of cows/Actual questions of obstet-
ric-gynecological and surgical pathology of agricultural
animals].p.248.

2. Avdeenko, V.S., Gavrish, V.G. and Rodin, A.G. (1996)
Cliniko-Morfologicheskaia Harakteristika Poslerodovogo
Perioda u Korov pri Poslerodovykh Zabolevaniiakh
[Clinical and Morphological Characteristics of Postpartum
Period in Cows with Postpartum Diseases/Proceedings of
the Scientific Conference Devoted to the 70" Anniversary
of the Voronezh State Agricultural University Named After
K.D. Glinka]. Voronezh. Part 2. p44-55.

3. Aliev, N.L. (1973) Poslerodovye endometrity u korov.
Veterinariia [Cases of postpartum endometritis in cows].
Veterinary, 9: 71-72.

4, Volkova, D.V. (2009) Gistomorfologicheskaia harak-
teristika endometriia u korov pri subinvoliutcii matki,
endometrite i pri vozdeistvii antimikrobnykh preparatov
[Histomorphological characteristic of endometrium in cows
with subinvolution of the uterus, endometrium and under

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

the influence of antimicrobial agents]. Voronezh Dis. Cand.
Vet. Sci., 2009: 214s.

Goryachev, V.V. (1975) Cletochnaia infiltratciia endomet-
riia korov v poslerodovom periode/Lech Profilaktika Bolez
Selskohoziaistvennykh Zhivotn ptitc [Cellular infiltration
of the endometrium of cows in the postpartum period. Treat.
Prev. Dis. Agric. Anim. Birds, p.116-118.

Sejian, V., Maurya, V.P., Kumar, K. and Naqvi, S.M.K.
(2012) Effect of multiple stresses (thermal, nutritional, and
walking stress) on the reproductive performance of Malpura
ewes. Vet. Med. Int., Article ID 471760.

Subbotin, A.D. (1974) Osobennosti izmenenii polovykh
organov posle otyola korov [Features of changes of the gen-
ital organs after calving of cows]. Livestock Husbandry. M.,
1: 50-51.

Quintela, L.A., Vigo, M., Becerra, J.J., Barrio, M.,
Penia, A.I. and Herradon, P.G. (2017) Subclinical endo-
metritis in dairy cattle: Etiopathogenesis and diagnosis.
Review [Endometritis subclinica en ganado vacuno lechero:
Etiopatogenia y diagndstico. Revision bibliografica). /TEA
Inform. Tecnica Econ. Agraria, 113(3): 250-266.

Seleznev, S.B., Kulikov, E.V., Vetoshkina, G.A., Vatnikov, Y.A.,
Sotnikova, E.D., Krotova, E.A., Yagnikov, S.A. and
Yakunina, M.N. (2017) The evolution and structural organi-
zation of the organs of vertebrate immune system. Asian. J.
Pharm., 11(1):S84-S90.

Zavalishina, S.Y., Vatnikov, Y.A., Makurina, O.N.,
Kulikov, E.V., Sotnikova, E.D. and Parshina, V.I. (2017)
Diagnostical appreciation of physiological reaction of intra-
vascular thrombocytes’ activity of two-years-old mice to
regular physical loads. Biomed. Pharm. J., 10(1): 129-136.
Wagener, K., Gabler, C. and Drillich M. (2017) A review
of the ongoing discussion about definition, diagnosis and
pathomechanism of subclinical endometritis in dairy cows.
Theriogenology, 94: 21-30.

Hyde, B. and Brennan, M. (2017) Effect of intrauterine cep-
hapirin on subsequent fertility in cows with clinical endo-
metritis. Vet. Rec., 180(15): 380-381.

Salah, N., Yimer, N., Wahid, H., Rosnina, Y., Khairani, B.
and Omar, M.A. (2017) Agreement among bacteriological
findings, vaginal discharges, and endometrial cytology for
endometritis detection in postpartum beef cows. Emirates J.
Food Agric., 29(5): 396-403.

Cheremisinov, G.A., Slobodyanik, V.I. and Borisova, T.V.
(1994) Rasprostranenie Odnovremenno Protekaiushchikh
Poslerodovykh Mastita i Endometrita u Korov [Spread
of Simultaneously Occurring Postpartum Mastitis and
Endometritis in Cows]. Material of Conferences on
Obstetrics, Gynecology and Biotechnology of Reproduction
of Animals, Voronezh. p249-250.

Okawa, H., Fujikura, A., Wijayagunawardane, M.M.P., Vos,
P.L.A.M., Taniguchi, M. and Takagi, M. (2017) Effect of
diagnosis and treatment of clinical endometritis based on
vaginal discharge score grading system in postpartum hol-
stein cows. J. Vet. Med. Sci., 79(9): 1545-1551.

Makki, M., Ahmadi, M.R., Gheisari, H.R. and Nazifi, S.
(2017) Cure rate of postpartum endometritis after different
treatments in high produce dairy cows. Comp. Clin. Pathol.,
26(4): 921-928.

Evglevskaya, E.P., Shvets, M.l., Skrebneva, E.N.,
Evglevsky, A.A., Vorobyova, N.V. and Kudryashova, Z.A.
(2009) Novye podhody v lechenii ostrogo poslerodovogo
endometrita i mastita u korov [New approaches in the
treatment of acute postpartum endometritis and mastitis in
cows]. Bull. Orel State Agrarian Univ., 3(18): 45-47.
Almeida, R.A., Dunlap, J.R. and Oliver, S.P. (2010) Binding
of host factors influences internalization and intracellular
trafficking of Streptococcus uberis in bovine mammary
epithelial cells. Vet. Med. Int., Vol. 2010 Article ID 319192
pages 8.
Simonov,
and Fedotov,

P.G., Malyshev, A.A., Kudrinskiy, A.A.
S.V. (2014) Sravnitelnaia effektivnost

Veterinary World, EISSN: 2231-0916

1477



Available at www.veterinaryworld.org/Vol.11/October-2018/18.pdf

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

veterinarnykh preparatov dlia lecheniia gnoino-kataralnogo
endometrita u vysokoproduktivnykh molochnykh korov
cherno-pestroi porody [Comparative efficacy of medicinal

early and late postpartum: cytology, bacteriology, haptoglo-
bin and test strip efficiency to evaluate the evolution of the
disease. Theriogenology, 94: 86-93.

products for veterinary use to treat purulent-catarrhal endo- 31. Janowski, T., Baranski, W., Lukasik, K., Skarzynski, D.,
metritis in highly productive dairy black-pied cows]. Bull. Zdunczyk, S. and Malinowska, K. (2017) Endometrial
Altai State Agrarian Univ., 8(118): 94-98. mRNA expression of prostaglandin synthase enzymes
Lenchenko, E.M., Vatnikov, Y.A., Sotnikova, E.D., PTGS 2, PTGFS and mPTGES 1 in repeat-breeding cows
Kulikov, E.V., Gnezdilova, L.A., Seleznev, S.B., Strizhakov, with cytologically determined endometritis. Acta Vet.
A.A. and Kuznetsov, V.I. (2017) Experimental toxemia of Hungarica, 65(1): 96-104.
chickens contaminated with Yersinia enterocolitica bacte- 32.  Galvao, K. (2011) Identifying and Treating Uterine Disease
ria. Asian J. Pharm., 11(1): S91-S96. in Dairy Cows. Proceedings 47" Florida Dairy Production
Fuentes, B.M., Arias, L.A.Q., Gonzalez, J.J.B., del Conference, Gainesville. p21.
Sol, L.B., Feijoo, J.EM., Punal, J.L.G., Lopez, M.B,, 33. Kenide, H., Getaneh, G. and Wubie, A. (2014) Subclinical
Lago, A.P., Cao, J.M., Rodriguez, G.F. and Herradon, P.J.G. endometritis and its effect on the fertility of dairy cattle.
(2017) Agreement between postmortem endometrial cytol- World J. Pharm. Med. Res, 2(5): 4.
ogy, biopsy and bacteriology in culled dairy cows. Anim. 34.  Voitenko, L.G., Lapina, T.I. and Golovan, L.A. (2014)
Reprod., 14(4): 1024-1033. Subclinicheskii endometrit korov. Diagnostika, raspros-
Piras, C., Guo, Y., Soggiu, A., Chanrot, M., Greco, V. and tranenie, metody lecheniia [Subclinical endometritis of
Urbani, A. (2017) Changes in protein expression profiles in cows. Diagnosis, distribution, treatment methods]. Bull.
bovine endometrial epithelial cells exposed to E. coli LPS Michurinsky State Agrarian Univ., 5: 33-37.
challenge. Mol. Bio. Syst., 13(2): 392-405. 35.  Garbuzov, A.A. and Valyushkin, K.D. (2002) Diagnostika
Muzartaev, R.E., Lyashenko, N.Y., Avdeenko, V.S., i Lechenie Subclinicheskogo Endometrita u Korov
Krivenko, D.V. and Molchanov, A.V. (2016) Osobennosti [Diagnosis and Treatment of Subclinical Endometritis in
diagnostiki u korov v nachale ostrogo poslerodovogo endo- Cows]. International Scientific and Practical Conference:
metrita i subinvoliutcii matki [Features of diagnosis in Actual Problems of Young Diseases in Modern Conditions.
cows at the beginning of acute postpartum endometritis and Voronezh. p174-176.
subinvolution of the uterus]. Far. East. Agrarian J., 2(38): 36. Sotnikova, E.D., Vatnikov, Y.A. and Kulikov, E.V. (2014)
62-69. Akushersko-ginekologicheskaia  dispanserizatciia  ple-
Salehi, R., Colazo, M.G., Gobikrushanth, M., Basu, U. mennogo pogolovia krupnogo rogatogo skota [Obstetric-
and Ambrose, D.J. (2017) Effects of prepartum oilseed gynecologic examination of the breeding stock of cattle].
supplements on subclinical endometritis, pro-and anti-in- Bull. Russ. Univ. Peoples’ Friendship Series Agron. Livest.,
flammatory cytokine transcripts in endometrial cells and 3:55-62.
postpartum ovarian function in dairy cows. Reprod. Fertil. 37. Pascottini, O.B., Hostens, M., Sys, P., Vercauteren, P. and
Dev., 29(4): 747-758. Opsomer, G. (2017) Cytological endometritis at artificial
Barlund, C.S., Carruthers, T.D., Waldner, C.L. and insemination in dairy cows: Prevalence and effect on preg-
Palmer, C.W. (2008) A comparison of diagnostic techniques nancy outcome. J. Dairy Sci., 100(1): 588-597.
for postpartum endometritis in dairy cattle. Theriogenology, 38. Suleimanov, S.M., Pavlenko, O.B., Parshin, P.A.,
69(6): 714-723. Slobodyanik, V.S., Tolkachev, 1.S. and Sherbakov, A.A.
Pascottini, O.B. and Opsomer, G. (2016) Postpartum uter- (2014) Morfofunktcionalnye izmeneniia pri ostrom
ine diseases in dairy cows: A review with emphasis on sub- gnoino-kataralnom poslerodovom endometrite u korov
clinical endometritis. Viaams. Diergeneeskundig Tijdschr., [Morphofunctional changes in acute purulent-catarrhal
85(6): 381. postpartum endometritis in cows]. Act Quest. Vet. Biol.,
Purohit, G.N., Swati, R. and Vikas, K. (2015) Postpartum 4(24)): 51-56.
endometritis in dairy cows: current status of diagnosis, ther- 39. Ahmadi, M., Hosseini, A., Gheisari, H. and Yavari, M.
apy and prevention. Theriogenol. Insight., 5(1): 2. (2014) Preliminary trial in treatment of postpartum endo-
Kurnyavko, N.Y., Porfiryev, LA., Vatnikov, Y.A., metritis with intrauterine application of hyperimmune
Kulikov, E.V. and Sotnikova, E.D. (2009) Aspekty intensi- serum in dairy cows. Asian Pac. J. Trop. Dis., 4(1): 361.
fikatcii vosproizvodstva krupnogo rogatogo skota [Aspects 40. Rhyaf, A. (2010) Histopathological study of endometritis of
of intensification of reproduction of cattle]. RUDN J. Agron. the cows. AL-Qadisiya J. Vet. Med. Sci., 9(1): 3.
Anim. Ind., 4: 50-57. 41.  Oruc, E. and Saglam, Y. (2015) The evaluation of endome-
Lyu, A., Chen, J.J., Wang, H.C., Yu, X.H., Zhang, Z.C. and trial cytology in cows with acute and chronic endometritis.
Gong, P. (2017) Punicalagin protects bovine endometrial Vet. Arhiv., 85(2): 132.
epithelial cells against lipopolysaccharide-induced inflam- 42. Palanisamy, M., Napolean, E. and Selvaraju, M. (2014)
matory injury. J. Zhejiang Univ. Sci. B, 18(6): 481-491. Nature of genital discharge and pH of cervical mucus and
Ricci, A., Bonizzi, G., Sarasso, G., Gallo, S, Dondo, A. and uterine flushing before and after treatment in endometritis
Zoppi, S. (2017) Subclinical endometritis in beef cattle in affected cows. Int. J. Livest. Res., 4(7): 19.
skeskeoskoskoskokskosk

Veterinary World, EISSN: 2231-0916

1478





