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ABSTRACT. Vascular endothelial growth factor,
nerve growth factor receptor p75, protein gene product
9.5, tumor necrosis factor-α and apoptosis in the cow
endometrium in post partum period. Biopsy samples
from cows uterus were taken in winter 2004/2005 on the
research and training farm “Vecauce”. Histological
investigations were performed at the Institute of
Anatomy and Anthropology of Riga Stradins University.
Nine cows were biopsied twice – in the first and fifth
week after parturition. The aim of the work was to
investigate vascular endothelial growth factor (VEGF),
nerve growth factor receptors p75 (NGFR p75), protein
gene product 9.5 (PGP 9.5), tumor necrosis factor α
(TNF–α), and apoptosis in the cow endometrium in post
partum period.

The results showed a significant increase of VEGF,
NGFR p75, TNF–α amount, and the number of apop-
totic cells in the cow endometrium between the first and
the fifth week after parturition (p<0.05). VEGF expres-
sion in the cow endometrium was found in the fifth week
after parturition, mainly localized in blood vessels. A
close positive correlation (r=0.72; p<0.001) was found
between VEGF and TNF–α, as well as between VEGF
and NGFR p75 (r=0.64; p<0.05) expression in the cow
endometrium at that time of post partum period. NGFR
p75 were localized in the nerves around endometrial
glands, blood vessels and under epithelium. A mild
positive correlation (r=0.51; p<0.05) was found be-
tween the expression of NGFR p75 and TNF–α in that
period. The amount of TNF–α showed a mild positive
correlation (r=0.59; p<0.05) with a number of apop-
totic cells in the cow endometrium in post partum pe-
riod, as well as a significant mild positive correlation
(r=0.59; p<0.05) was found between the amount of
apoptotic cells and expression of VEGF in the cow en-
dometrium. PGP 9.5 was found in nerves of the walls of
endometrial glands, under epithelium and in the walls
of blood vessels. A mild positive correlation was found
in the cow endometrium between PGP 9.5 and NGFR
p75 expression from the first to the fifth week after par-
turition. In conclusion, the increase of NGFR p75,
VEGF and TNF–α expression in the cow endometrium
from the first up to the fifth week after parturition seems
to correlate with the ischaemia of tissue increased by
inflammatory action. The latter also seems to stimulate
the apoptosis and proliferation of nerve fibres in the
cow endometrium.
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Introduction

The optimum function of the reproductive system is
essential for maximum productivity in dairy cows, be-
cause lactating occurs only after successful insemina-
tion, fertilization and gestation period. Remarkable
morphological and physiological changes occur in the
uterus tissue, blood vessels, and nerves during the re-
productive cycle and gestation (Hickey, Fraser, 2003;
Zoubina et al., 1998). All the time new methods and
approaches are used for investigation of cow uterus
morphology and physiology in post partum period.

Vascular endothelial growth factor (VEGF) is an
important signalprotein, cytokine that is involved in the
formation of embryonic, as well as in adult organism
angiogenesis from the existing vascular tissues (Wei et
al., 2004; Wang et al., 2003, Halder et al., 2000; Guidi
et al., 1998).  VEGF is a heparin binding protein, and it
has many isoforms in the organism (Ribeiro et al., 2006;
Halder et al., 2000). VEGF producers are mast cells,
which produce also neutrophile and eosinophile
haemotactic factors, as well as fibroblast growth factor.
Activity of VEGF is mainly tended to the endothelial
cells of blood vessels, and its influence on other types of
cells like monocyte/macrophage stimulation is estab-
lished. There is observed ability of VEGF to stimulate
mitogenesis of endothelial cells, and migration of cells.
It also enhances the microvascular permeability in vitro
that is why VEGF is sometimes referred to as a vascular
permeability factor (Halder et al., 2000).

Structurally VEGF belongs to a cysteine group
containing growth factors like platelet–derived growth
factor (PDGF) family. All VEGF members act on the
surfaces of cells through two tyrosine kinase family
receptors: VEGFR1 – tyrosine kinase (Flt-1) and
VEGFR2 – kinase-insert domain-containing receptor
(KDR/Flk-1) (Halder et al., 2000). VEGF production
can be induced in the cells which have not received
enough oxygen, and then these cells produce transcrip-
tion factor, namely ~ hypoxia inducible factor (HIF).
Among other functions (modulating of erythropoesis)
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HIF stimulates VEGF production (Ankoma–Sey et al.,
2000). VEGF is a potent angiogenetic factor implicated
in many pathological processes. It is increasingly re-
leased after TNF–α irritation, and it is a response to
inflammatory processes in tissue (Scott et al., 1998). It
is proved that VEGF expression, localisation and inten-
sity in endometrium depend on the phase of reproduc-
tive cycle in woman and the cow (Wijayagunawardane
et al., 2005; Wei et al., 2004; Zhang et al., 1998). How-
ever, action of the VEGF in proliferation processes in
endometrium and pathological process, for example
adenomyoma, is not comprehended yet (Ota, Tanaka,
2003).

Peptides of the nerve growth factors (NGF) provide
maintenance, survival and differentiation of the neurons
in tissue. They prevent a retrograde degeneration of
neurons and apoptotic processes in the damaged choli-
nergic neurons (Wilcox et al., 2004). NGF is implicated
in neuroimmune reactions and inflammatory processes,
as well as it is mentioned as one of the inductive factors
in apoptotic processes (Vaidyanathan et al., 1998). NGF
belongs to the family of neurotrophic factors, that con-
nects to a low affinity nerve growth factor receptors
(LNGFR), named also p75 neurotrophic receptor. An-
other known NGF receptor group is high affinity re-
ceptors, named also tirosinkinase A (Track–A). Proteins
of both of these groups stimulate alimentation, survival
and differentiation of the neurons (Wilcox et al., 2004;
Davidson et al., 2003). An increased count of the hista-
mine containing mast cells was established in inflam-
matory processes in the skin, as well as enhanced ex-
pression of NGFR (Liang et al., 1998). Coexpression of
NGF together with the molecules involved in angioge-
netic processes, and protein tirosinkinase A (p-TrkA)
expression in endothelial cells indicates to their proan-
giogenetic role in case of formation of ovarian cancer.
In their turn p-85 polymerase of polyadenozin-di-phos-
phate-ribose (p85–PARP), like a marker of apoptosis,
and p-TrkA expression in cytoplasm (probably repre-
sentation of non-glycolisated receptors) determine a
favourable outcome, while activation of p-TrkA corre-
lates with an  ill-affected prognosis in case of a progres-
sive stage of serous carcinoma (Davidson et al., 2003).

Programmed cells death (PCD) is genetically de-
termined, biochemically specific kind of cells death,
that starts with specific signals and activation of nonly-
sosomal endogen endonucleases resulting in defrag-
mentation of the cell DNS, thereby releasing an organ-
ism from olden, needless and damaged cells (Goy-
eneche, Telleria, 2005).

Protein gene product 9.5 constitutes 1–5% of the
total soluble proteins in the vertebrate neurons and neu-
roendocrine cells (Piccinini et al., 1996). There were
observed alteration of the nerve fibres displaying PGP
9.5 dependency on different biological processes in the
uterus tissue (Tingaker et al., 2006).

Only a few investigations related to the cow uterus
morphology were performed in Latvia (Антане, 1990;
Емельянова, 1974). Not sufficient awareness still per-
sists concerning endometrium changes, distribution of

growth stimulating factors and apoptosis in the cow
endometrium in post partum period.

The objective of the present study was to investi-
gate vascular endothelial growth factor, nerve growth
factor receptors p75, protein gene product 9.5, tumor
necrosis factor α, and apoptosis in the cow endometrium
in post partum period, as well as to find out interactions
of the mentioned substances, receptors and processes.

Materials and methods
Biopsy samples from cows uterus were taken in winter
2004/2005 on the research and training farm “Vecauce”,
with original biopsy instrument (Denmark, „Kruuse”,
kat. nr: 141700k).

Biopsy samples were taken from previosly gravid
uterus corn, in which a calve was located, from ven-
trally side of the dorsal wall of the uterus, intercarrun-
cular places. Each animal was prepared for the proce-
dure of endometrium biopsy sampling by washing and
disinfection (700 spiritus aethylici) of external part of
genital organs. A catheter was inserted into the uterus
through the vagina to remove the endometrium samples
by gently grasp of tissue with forceps being careful not
to crush it. Specimens were snipped free at the base.
Endometrium samples were inserted in labelled contain-
ers with 10% formalin solution, pH 7.5 (Humason,
1967) and histological investigations were performed at
the Institute of Anatomy and Anthropology of Riga
Stradins University. Nine cows were biopsied twice – in
the first and the fifth week of post partum period.

TUNEL method was used for detection of apoptosis
in the cow endometrium in post partum period (Nego-
escu et al., 1998) and In Situ Cell Death Detection,
POD., Roche Diagnostics and DAB substrate vector
was used. Deparafinised tissue samples (xylol 2 x 4
min., 990 spiritus aethylici 2 x 2 min.,  950 spiritus aeth-
ylici 2 x 2 min. and 700 spiritus aethylici 2 x 2 min.)
were rinsed (with water 7–10 min.) and iserted in PBS
(phosphat buffer) (pH7.5) for 10 min., then slides were
inserted in 50 ml PBS solution with 500 ml of 30% hy-
drogen peroxide for 30 min. in vibrator, to blocate the
endogen nucleasis. Then tissue samples were washed
with PBS (3 x 5 min.), and inserted in 0.2 M boric acid
(pH 7.0), and placed into microwave (700W) for 10
min.for fixation of antigen, cooled to room tempetarure,
rinsed with PBS. After that the slides were kept in re-
frigerator in 0.1% BSA (bovine serum albumin) solution
with PBS for 10 min., and then slides were incubated in
TUNEL mix (Tdt – mix of T-end deoxynucleotidiltrans-
ferases and dioxygeninlabeled nucleotyds) for 1h at
+370C . Then slides were rinsed with PBS 1:10, and
then they were coloured 30 min. in +370C with POD
(sheep antifluoriscence antibody with horseradish per-
oxydasis binded Fab fragment). Then the slides were
washed with PBS and covered with DAB (diaminoben-
zidin hromogen) for 7 min., and rinsed with running
water for 5 min.. Finally haematoxylin and eosin stain-
ing was performed for each endometrium sample, and
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slides were processed with polystyrene and covered
with a cover-slip.

Immunohistochemically detected substances: vas-
cular endothelial growth factor (mouse monoclonal
VEGF, clone VG1, code Nr. M 7273 working dilution
1:50, DakoCytomation, Denmark), nerve growth factor
receptors p75 (mouse monoclonal NGFR p75, code Nr.
M3507, working dilution 1:150, DakoCytomation,
Denmark), protein gene product 9.5 (rabbit polyclonal
PGP 9.5, code Nr.Z5116, working dilution 1:1600, Da-
koCytomation, Denmark), tumor necrosis factor alpha
(rabbit polyclonal TNF-α, code Nr. Ab6671, working
dilution, 1:100, Abcam, England; Hsu et al., 1981). All
working dilutions were prepared in accordance with the
instructions of producers from above mentioned rea-
gents.

Sections were deparafinised in xylene, and kept in
ethanol from 99.7% up to 100%, rinsed with PBS solu-
tion pH 7.4 (10 min.), and inserted 4% citrate buffer
solution, and placed in microwave for 20 min. (micro-
waving in 4% hydrochloric acid buffersolution of na-
trium). After cooling and rinsing with PBS tissue sam-
ples were covered with 150 µl 3% hydrogen peroxide
(10 min.). Rinsing with PBS and subjecting to primary
antibody (30 µl) were carried out (exposition 2h), as
well as LSAB + LINK (linked streptavidin antibody)
(30 min.) and LSAB + KIT (streptavidin connected with
enzyme peroxidase) for 25 min., and DAB for 10 min.
Finally, hematoxilline staining was carried out (Aughey,
Frye, 2001).

For the data statistical processing the following
methods were used: Student’s t-test, Wilkinson’s test,
and statistical correlation analyses (Arhipova, Bāliņa,
2003).

Results and discussion

The above mentioned biological substances, receptors
and a number of apoptotic cells were observed in the
cow endometrium in the first and the fifth week after
parturition (table 1).  VEGF expression in the cow en-
dometrium was found only in the fifth week after partu-
rition, it was localized in blood vessels and under epi-
thelium. Post partum period is characterized by a tissue
repairing processes in the uterus as a response to hy-
poxic stimuli during the wound healing. It is reported
that then an enhanced production of angiogenic factors,
such as VEGF take place (Ankoma–Sey et al., 2000).
Moreover, in the first weeks after parturition resumption
of ovarian cyclicity occurs, and VEGF dose-depen-
dently stimulates the release of prostaglandin E2, pros-
taglandin F2α, and endothelin-1, and that correlates with
ovarian function (Wijayagunawardane et al., 2005). A
close statistically significant positive correlation
(r=0.72; p<0.001) was found between VEGF and TNF–
α, as well as VEGF and NGFr p75 (r=0.64; p<0.05)

expression in the cow endometrium at that time of post
partum period.

NGFR p75 were localized around the endometrial
glands, blood vessels, and under epithelium. The
amount of them was more expressed in the fifth week in
comparison with the first week after parturition
(p<0.05). It can be explained by the ability of NGF to be
involved in neuroimmune interactions, tissue inflamma-
tion, and repairing processes (Vaidyanathan et al.,
1998).

A mild positive correlation (r=0.51; p<0.05) was
found between the expression of NGFR p75 and TNF–
α, as well as a significant mild correlation between
NGFR p75 and the amount of PGP 9.5 (r=0.49; p<0.05)
in the cow endometrium in that period. NGFR p75 is
reported as one of the inducer of apoptosis (Vaidyana-
than et al., 1998), but PGP 9.5 is a highly expressed
component in vertebrate neuronal system (Piccinini et
al., 1996), that indicates to the possible amount of neu-
ropeptides in the neuronal structures of endometrium in
the investigated cows. Possibly both these substances
are connected, but it is difficult to make a decision
which of them has a primary role in stimulation.

The amount of cells expressed TNF–α in the cow
endometrium was increased significantly from the first
to the fifth week after parturition (p<0.001). There was
a mild positive correlation between the amount of TNF–
α, and the (r=0.59; p<0.05) number of apoptotic cells in
the cow endometrium in post partum period. That could
be explained by the fact that TNF–α is a physiological
factor inducing apoptosis (Goyeneche, Telleria, 2005).

PGP 9.5 was found under epithelium of the endo-
metrium, around walls of blood vessels, and around
walls of endometrial glands. A mild positive correlation
was found between PGP 9.5 and NGFR p75 expression
in the cow endometrium from the first to the fifth week
after parturition. PGP 9.5 is a cytosolic protein belong-
ing to the ubiquitin C-terminal hydrolyses subclass, high
pronounced in the neuronal structures (Piccinini et al.,
1996). That is why alterations of it may occur in case of
interactions in different biological processes, also in
endometrium. Remarkable changes of the uterus: size,
structure of tissue, innervation, number of glands and
blood vessels, as well as amount and activity of immun-
competent cells occur depending on the reproductive
cycle and physiological condition (Tingaker et al.,
2006) that could also change the expression of PGP 9.5.

A significant increase of apoptotic cell number was
observed in the cow endometrium from the first to the
fifth week after parturition (p<0.05), as well as a mild
positive correlation between the number of apoptotic
cells and TNF–α (r=0.59; p<0.05) at that time. An inter-
esting finding was a significant mild correlation be-
tween the expression of VEGF and the number of
apoptotic cells (r=0.59; p<0.05). Possibly it is connected
with more intensive metabolic processes relevant to
postischaemic vascularisation of the structure of uterus
tissue when regenerates the endometrium in post partum
period, and cyclicity of ovarian function occurs.
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Table 1.Vascular endothelial growth factor (VEGF), nerve growth factor receptors p75 (NGFR), protein gene product
9.5 (PGP 9.5), tumor necrosis factor α (TNF–α) and apoptosis in the cow endometrium in 1st and 5th week after par-
turition

Sample Week VEGF  NGFR p75  PGP 9.5  TNF-a Apoptosis; %

Tapa/F2 1 – – ++ – 34.5±3.20
Tapa/1 5 – ++ +++ + 28.8±6.15
Esma/F3 1 – – + – 25.1±3.15
Esma/7 5 – – + + 63.2±1.50
Dakota/F4 1 – ++ ++ – ………..
Dakota/3 5 + ++ + +++ ……….
Tērvete/F5 1 – + – – 30.2±5.50
Tērvete/2 5 – + + ++ 12.8±0.85
Vaida/F6 1 – + + – 14.0±0.3
Vaida/6 5 – – + + 62.5±7.8
Okence/F7 1 – – + ++ ………..
Okence/8 5 + ++ + +++ 74.0±14.35
Elba/F8 1 – + + + ………..
Elba/9 5 + +++ ++ +++ ………..
Akāce/F9 1 – – + ++ ………..
Akāce/5 5 + +++ + + ………..
Loda/F10 1 – – + – 21.6±28.85
Loda/4 5 – +++ + ++ 23.9±4.00

Legends: VEGF – vascular endothelial growth factor; NGFR p75 – receptor p75 of nerve growth factors; PGP 9.5 –
protein gene product 9.5; TNF–α – tumor necrosis factor-α ;
–   – lack of cells containing VEGF, NGFR p75, PGP 9.5, TNF–α,
+  – small number of cells containing VEGF , NGFR p75, PGP 9.5, TNF–α,
++  – moderate number of cells containing VEGF , NGFR p75, PGP 9.5, TNF–α ;
+++  – numerous cells containing VEGF , NGFR p75, PGP 9.5, TNF–α ;
++++  – significant number of cells containing VEGF , NGFR p75, PGP 9.5, TNF–α .

Conclusions

1. Increase of NGFR p75, VEGF and TNF–α expres-
sion in the cow endometrium from the first to the
fifth week after parturition (p<0.05) seems to cor-
relate to the ischaemia of tissue raised by inflam-
matory action. The last one event also seems to
stimulate the apoptosis and proliferation of nerve
fibers in the cow’s endometrium.

2. A close positive correlation (r=0.72; p<0.001) was
found between VEGF and TNF–α, as a possible re-
action to ischaemia caused by inflammatory proc-
esses, as well as between VEGF and NGFR p75
(r=0.64; p<0.05) expression in the cow endome-
trium at the time of post partum period as evidence

that the mentioned substances are implicated in the
programmed cells death processes.

3. NGFR p75 were localized in the nerves around the
endometrial glands, blood vessels and under epi-
thelium. VEGF expression in the cow endometrium
was found in the fifth week after parturition. A mild
positive correlation (r=0.51; p<0.05) was found
between the expression of NGFR p75 and TNF–α
in that period, probably, caused by the stimulation
of nerve fibers proliferation. A mild positive corre-
lation (p<0.05; r=0.49) was found in the cow en-
dometrium between PGP 9.5 and NGFR p75 ex-
pression from the first to the fifth week after partu-
rition that show evidence of intensive stimulation of
neuronal structures.
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