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Abstract: �Aim:�This�study�is�a�pathomorphological�investigation�the�influence�of�factors�that�modulate�the�intensity�of�post-traumatic�fibrosis�of�
the�rat�uterus�and�peritoneal�adhesions�formation�process,�as�well�as�a�comparative�evaluation�of�experimental�models�of�formation�of�
post-traumatic�adhesions,�based�on�the�intraperitoneal�injection�of�an�aqueous�suspension�of�barium�sulfate�or�talc.�Study�subjects:�
female�outbred�albino�rats�weighting�200-250�g.�Methods:�Peritoneal�adhesions�were�induced�by�a�single�intraperitoneal�injection�of�
an�aqueous�suspension�of�barium�sulfate�or�talc�in�the�pelvic�area.�Animals�were�divided�into�four�groups:�group�1�received�only�talc;�
group�2,�7-day�daily�administration�of��vitamin�D;�group�3�received�only�barium�sulfate;�and�group�4�were�administered�barium�sulfate�
contained�in�a�hyper-sodium�diet�for�7�days.�Results:�Intraperitoneal�injection�of�rats�with�an�aqueous�suspension�of�barium�sulfate,�as�
compared�with�talc,�resulted�in�a�more�intense�manifestation�of�adhesions�and�stimulation�of�neoangiogenesis�in�the�uterus.�Prolonged�
intraperitoneal�administrations�of�vitamin�D�to�rats�subjected�to�single�exposure�of�talc,�accompanied�by�activation�of�neoangiogenesis,�
had� increased�structural�damage� to� tissues�of� the�uterus�and�experienced� increased� intensity�of� the�adhesion�process.�Prolonged�
exposure�to�salinized�rats�exposed�to�a�single�effect�of�barium�sulfate,�caused�gross�structural�damage�to�the�tissues�of�the�uterus�and�
induced�pathological�changes�in�the�reparative�processes�in�the�background�of�significant�amplification�of�post-traumatic�adhesions.

� ������������������©�Versita�Sp.�z�o.o.
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Research Article

1. Introduction
According to most researchers, a metabolic disorder of con-
nective tissue proteins is a major cause of post-surgical ad-
hesions induction [1-3]. These authors conclude that post-
surgical adhesions formed under the influence of complex 

multifactor processes at the level of the genome of fibro-
blasts and tissue macrophages, against the background of 
the restructuring of humoral regulators of collagen metabo-
lism. Analysis of the basic mechanisms of post-traumatic 
fibrosis indicates a universal role of the beta1 (TGF-beta1), 
transforming growth factor responsible for the metabolic 
disorder of connective tissue proteins [4,5] Other authors 
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also make direct reference to the leading role of TGF-beta1 
in the pathogenesis of adhesion formation in gynecologic 
operations [2,3]. It has also been reported that growth fac-
tors—cytokines belonging to the family of TGF-beta— play 
a significant role in the mechanisms of tissue regeneration, 
ensuring restoration of structural and functional properties 
of damaged organs [5,6]. Chevronnay and colleagues em-
phasize their value in re-epithelialization in the endometrium 
of cyclic processes of female reproductive system [7]. Con-
sequently, on the one hand, the literature informs us that 
TGF-beta is an important link in the humoral regulation of re-
pair processes. On the other hand, experimental and clinical 
data indicate that TGF-beta1 is involved in the pathogenesis 
of post-surgical adhesions. Thus, the involvement of TGF-
beta in physiological and pathophysiological mechanisms of 
tissue repair and fibrosis of posttraumatic requires deeper 
investigation. The purpose of this study was to examine the 
influence of factors modulating the intensity of post-traumat-
ic fibrosis of the rat uterus and the formation of peritoneal 
adhesions. In addition, we also did a comparative evaluation 
of experimental models of formation of post-traumatic adhe-
sions, based on the intraperitoneal injection of an aqueous 
suspension of barium sulfate or talc.
 

2. Materials and methods
We selected inbred female albino rats weighing 200-250 g. 
During the entire experiment, the animals received a stan-
dard diet with free access to drinking water. Formation of ad-
hesions was induced by a single intraperitoneal injection of an 
aqueous suspension of barium sulfate or talc, in accordance 
with a previously described technique by Bezhin.  By Animals 
were randomly divided into 4 groups of 10 each. In the first 
group, the animals exposed to talc-induced adhesions. In the 
second group, rats were injected with an aqueous suspen-
sion of barium sulfate talc (20% in mass ratio) administered 
by a single-dose syringe in the pelvic area. The rats in group 
vitamin D in doses of 1 mg per 1 kg body mass 3 was injected 
intraperitoneally [8] 2 h after injection of talc. Further, admin-
istration of vitamin D was continued daily throughout the ex-
periment. Rats in group 4, were administered 3% aqueous 
solution of sodium chloride for 3 days prior to the introduc-
tion of talc except in addition to the barium sulfate, and then, 
during the 7-day experiment. All rats received saline instead 
of drinking water. After 7 days, rats were decapitated under 
light ether anesthesia and tissue samples of the uterus were 
collected and fixed in 10% formalin solution for further patho-
logical studies. Further material was treated by conventional 
methods, followed by filling in paraffin. Thick slices of tissue 
5 to 7 microns were stained with hematoxylin and eosin. To 
identify in sections of collagen fibers of connective tissue, van 
Gieson’s stain was used. 

3. Results
Inspection of the abdominal cavity of rats all groups was 
carried out during the autopsy; the formation of adhesions 
in all animals tested was revealed.
 In turn, the results of histological analysis of tissue sam-
ples of rats that received only talc showed that the where 
swelling of the myometrium is expressed to a greater extent, 
there is a diffuse lymphoplasmacytic infiltration. Myometrial 
vessels are in a state of hyperemia, the average severity of 
observed perivascular edema. The wall of the rectum with 
evidence of pronounced interstitial edema, intramuscular, 
and the folds are expressed. As a result of edema, epithe-
lium partially peeled from the underlying tissue, and there 
was massive hemorrhage of the hemorrhagic impregnation 
type. Collagen fibers are equally well developed in its own 
record of the intestinal mucous and in the stroma of intes-
tinal villi. In his own record reveals mucosal sites fibrinoid 
swelling with the formation of small-sized cell infiltrates lym-
phohistiotcytes (Figure 1).
 On the 7th day of the experiment in the formulations of 
the animals receiving only barium sulfate, there were signs 
of acute inflammation, manifested diffuse and focal leukocyte 
infiltration of the vagina, endometrium, and myometrium. In 
some cases, the uterine ligament displayed, blood circula-
tion disorders in the form of hyperemia and small hemor-
rhages, and developed expressed edema. In addition, vary-

ing degrees of collagenization of endometrium, myometrium 
and adventitial vessels of the uterus and fallopian ligament, 
lymphohistiocytic lobular infiltration of fibro-muscular sheath 
formation, as well as tumor blood vessels in the tissues of 
the vagina and endometrium of experimental animals, is evi-
dence of previous inflammatory processes and the beginning 
of its outcome in multiple sclerosis (Figure 2).

Figure 1. Photomicrography. Sites fibrinoid swelling with the 
formation of granulomas limphohistiocytes. Stained by 
Van Gisone. Increase 400.
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 It is also of interest that in some cases, the collagen 
network is mainly formed in the basal endometrial compart-
ment, covers the thin fibrils endometrial cancer and does 
not apply to this subject in the muscular layer.
 In histological preparations of animals injected with 
both talc and vitamin D on the 7th day of the experiment, 
expressed leukocyte (mainly neutrophil) infiltration of the 
endometrium, myometrium was detected, the parameters 
lymphohistiocytic infiltration of muscle and connective tis-
sue ligaments of the uterus. Leukocyte infiltration of the 

endometrium was significant enough that the stromal ele-
ments of the endometrium were impossible to observe in 
the course of the study. In the basal parts of the endome-
trium relatively large foci of hemorrhage and hemosiderosis 
are often observed. Collagen fibers of connective tissue 
are visualized in the myometrium. Collagenization also af-
fects the endometrium, but to a much lesser extent. At the 
boundary of the outer and inner muscle layers of the myo-
metrium,  high diameter,vessels are formed having devel-
oped the vascular wall (Figure 3).
 Preparations of animal tissues treated with barium 
sulfate + sodium chloride were dominated by non-specific 
manifestations of the severe exudative-proliferative re-
sponse. Mesothelium peritoneum proliferates and becomes 
a multi-row. Histiocytic reaction occurs in mesenteric adi-
pose tissue of the intestine and is topologically identical with 
that in sections of intestine containing adhesions (Figure 4).
 There is hyperplasia of the lymph nodes and the intes-
tines, which are fused together to form a giant cluster of 
lymphoid, stenosing ulcer penetrating the lumen between 
villi in the gut lumen (Figure 5).
 Sclerosis of the arteries is observed, located in its own 
bundle of muscle or nerve fibers surrounded by a common 
connective tissue of the uterus, on the background of se-
vere inflammatory lymphoid histiocytic infiltration. Perivas-
cular connective tissue becomes coarse fibered, with areas 
of metachromasia and mucoid swelling, cell infiltration, and 
clusters of actively phagocytic macrophages.

Figure 2. Photomicrography. Collagenization myometrium. Stained 
by Van Gisone. Increase 400.

  

Figure 3. Photomicrography. Large-caliber vessels in the outer and 
inner border of the muscle layers of the myometrium. 
Stained by Van Gisone. Increase 400.

  

Figure 4. Photomicrography. Histiocytic reaction in mesenteric 
adipose tissue of the intestine, the proliferation of the 
mesothelium of the peritoneum. Stained by Van Gisone. 
Increase 100.

  

Figure 5. Photomicrography. Hyperplasia of intestinal lymph nodes. 
Stained by Van Gisone. Increase. 100.
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4. Discussion
We next compare the intensity of structural changes in 
the tissue samples of rats receiving only the barium sul-
fate or talc. Since the subject of investigations was the 
pathogenetic mechanisms of posttraumatic adhesions in 
female rats, the results of population studies confirm the 
thesis that the risk of postoperative adhesions in gyne-
cology can be reduced through the introduction of less 
traumatic methods of surgical intervention, reducing the 
size of the wound surface, which then determines the in-
tensity of stimulation of regenerative processes and the 
degree of ischemia [9]. We emphasize that our experi-
mental methods of induction of adhesions were based 
on the intraperitoneal injection of an aqueous suspen-
sion of insoluble substances. In this case, the technical 
execution of the injection and the magnitude of the input 
of the suspension were the same in both groups of ani-
mals, which, in turn, provides a reason to expect minor 
differences between the intensity of the induced dam-
age and the dynamics of reparative processes. How-
ever, for the correct inter-group comparative analysis of 
the data, it was necessary to develop the most relevant 
structural parameters that adequately reflect the state 
of adhesions and the dynamics of the regeneration of 
damaged tissues. Most authors of related publications 
share the view that the severity of adhesions induced 
by the operation is closely linked to the intensity of ac-
cumulation of collagen and the stimulation of neoangio-
genesis [3,10,11]. In keeping with this reasoning, we 
selected attributes deposition of collagen fibers and the 
manifestation of neoangiogenesis as the parameters for 
the histological analysis of the tissue samples. In addi-
tion, as noted by the evidence in the literature about the 
role of the inflammatory response in wound healing and 
pathological changes in organ repair mechanisms. The 
accumulation of collagen occurs in a nondegradative 
environment, and collagenases and their inhibitors have 
a role in the maintenance of fibrosis. Fibrosis appears 
to be a ubiquitous response of peritoneal tissues to the 
damaging effects of uremia, bioincompatible dialysate, 
recurrent infection, and inflammation [12]. Analyzing the 
results of our research, we conclude that, in the group 
of rats treated with talc, the changes observed are quite 
modest and appear match to clearly defined criteria for 
a diffuse leukocyte infiltration, perivascular edema and 
congestion of blood vessels, most prominent in of the 
myometrium. At the same time, histological analysis of 
uterine tissue samples containing adhesions to the rec-
tum revealed gross structural abnormalities of the intes-
tine tissue, characterized by marked signs of fibrosis, 
leukocyte infiltration and distinct foci of hemorrhage. In 

the group of rats treated with barium sulfate, signs of 
inflammation (leukocyte infiltration, edema, bright vas-
cular reaction) are observed in all layers of the uterus. 
Diffuse uniform collagenization also affects all layers 
of the uterus; however, the most intense deposition of 
collagen fibers is observed mainly in the basal layer of 
the endometrium. In addition, a significant feature of this 
group of animals was distinct signs of neoangiogenesis 
in the endometrium.
 Thus, our histological analysis of tissue samples 
from rats exposed to barium sulfate or talc suggests that 
the formation of adhesions, confirmed by examination 
of the macro samples during the autopsy and combined 
with the characteristic structural changes of the tissue 
samples, shows symptoms of fibrosis and inflamma-
tion. Along with this, the most important feature found 
in the histological analysis of tissue samples of animals 
treated with barium sulfate, is the clear signs of neoan-
giogenesis in the tissues of the uterus: a large number 
of small arteries, located groups, as well as presence 
in endometrial atypical for a given layer of the uterus 
blood vessels that have a direct and significant progress 
gauge of development. Consequently, our results on 
one hand confirm the effectiveness of our experimen-
tal methods to reveal the induction of post-traumatic 
adhesions; on the other hand, the results demonstrate 
the manifestation of different parts of the pathogenetic 
mechanism of the formation of adhesions that are spe-
cific to barium sulfate.
 Considering our data, it is appropriate to emphasize 
that a significant proportion of publications devoted to 
the problem of preventing and treating post-surgical ad-
hesions in women, includes information on the use of 
various pharmacological drugs used to suppress inflam-
matory responses [13], maintaining the effectiveness of 
antioxidant protection [14], humoral regulation of me-
tabolism of collagen [15] and neoangiogenesis [16,17], 
as well as an analysis of the features of the technology 
gynecological operations [18]. However, most authors 
emphasize the special role of the cytokine family of 
TGF-beta in the mechanisms of wound healing in gyne-
cological operations and their involvement in pathologi-
cal changes in repair processes, leading to the forma-
tion of adhesions [2,3].
 In this connection, it is necessary to point out that 
there are also reports that vitamin D has the ability to 
suppress humoral mechanisms of induction, secretion 
and activation of TGF-beta1 [8,19] as well as to ensure 
optimization of the system of secondary messengers of 
TGF-beta1, inhibiting the intracellular signal prosclerotic 
cytokine [20]. Also of interest is evidence that a number 
of low-toxic substances such as sodium chloride may in-
crease the local production of TGF-beta1 do not directly 
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cause structural and functional changes in internal or-
gans in acute and subacute period of exposure to saline 
[21]. In view of that data, we carried out experimental in-
vestigations of influence of factors modulating the state 
of cytokine TGF-beta for the  process of posttraumatic 
regeneration of tissues of the rat uterus. In accordance 
with that purpose, we selected models of experimental 
pathology based on the intraperitoneal administration 
of barium sulfate on the background of the destination 
of sodium chloride solution, as well as talc, against the 
background of vitamin D.
 Our results showed that the group of animals treated 
with barium sulfate + saline compared with rats exposed 
only barium sulfate had significant deterioration of the 
studied parameters. In particular, the gain recorded de-
posits of collagen, mostly unformed loose structure, and 
moderately infiltrated cells histiocytic series. We empha-
size that the uncommon finding in this layer of connec-
tive tissue is newly formed blood vessels. We observed 
the signs of proliferation mesothelium of the peritoneum, 
in the perivascular zone develops coarse-fibered con-
nective tissue with foci of cellular infiltration, clusters of 
actively phagocytic macrophages. In this case, contrary 
to the expected results in the group of animals treated 
with talc + Vitamin D, we found a significant increase in 
the processes of inflammation and fibrosis of the uter-
us, as well as — important to note —against the back-
ground of a distinct stimulation of neoangiogenesis, as 
compared with rats that received only talc.
 It must be recognized that the planning phase of the 
experiment suggested that the inclusion of vitamin D 
may have beneficial effects on the course of reparative 
processes in uterine tissues of rats treated with talc + 
vitamin D. These assumptions were based on published 
data on the nature of vitamin D on the system of intracel-
lular signaling Smad- proteins responsible for the imple-
mentation prosclerotic effects of TGF-beta1 [20,22], to 
recommend the drug for clinical use to reduce TGF-be-
ta1-dependent post-traumatic fibrosis of internal organs 
by suppressing the biosynthesis of collagen -I and the 
conversion of fibroblasts into myofibroblasts [3]. Intro-
duced in the same way during the repair of damaged 
tissue, vitamin D can inhibit TGF-beta1-dependent re-
modeling of blood vessels [24]. At present, mechanisms 
of regulation of vitamin D in mineral metabolism are well 
studied [25]. There are also some reports emphasizing 
the importance of 1,25-dihydrooxyvitamin D in the regula-
tion of cell division, differentiation and apoptosis [22,26]. 
Systematic reviews of the cited information of interest to 
analyze their own research results in relation to the role 
of vitamin D in the regulation of neoangiogenesis and 
inflammatory reactions confirms the physiologically ac-
tive compound as a potent blocker of neoangiogenesis, 

as demonstrated by immunomodulatory properties with 
respect to macrophage and monocyte cell number [27]. 
It has been established that vitamin D blocks the matu-
ration process of dendritic cells [28]. Current studies in-
dicate that monocytes and macrophages have their own 
enzymatic complexes involved in the metabolism of vi-
tamin D [26] as major humoral regulators maturation of 
dendrite cells [29,30]. Those authors cited sources that 
provide experimental evidence of inhibition of vitamin D 
maturation of dendrite cells. The activation of this mech-
anism in the uterus in the early stages of pregnancy has 
been proved experimentally [28]. Thus, the results of 
numerous studies indicate that vitamin D reduces the 
production of inflammatory cytokines, weakening the in-
tensity of fibrosis tissue. At the same time, noteworthy 
reports show the effects of vitamin aimed at slowing the 
maturation process of dendrite cells; it has previously 
been shown that programmable controllers of specific 
breakdown of the processes of maturation of dendrite 
cells can induce a number of irregularities in the immune 
system, forming foci of chronic inflammation and pro-
moting angiogenesis [31]. Indeed, the literature contains 
a few publications confirming the assumption that an al-
ternative pathway activation of dendrite cells is induced, 
including vitamin D, accompanied by increased secre-
tion of pro-angiogenic (VEGF, FGF-2) and prosclerotic 
(TGF beta1) factors [32,33]. In this case, the literature 
expressed quite divergent views on the mechanisms of 
direct effect of vitamin D on the parameters of neoangio-
genesis [24,34].
 Taking note of reports that TGF beta is normally ful-
fills a key function in regulating the cyclical nature of en-
dometrial proliferative activity [7,35], that TGF beta is of 
fundamental importance in the cooperative interaction 
with the immune system in the management of angio-
genesis in the endometrium [36], and also plays a major 
role in the repair of post-traumatic uterine tissue [3], we 
should recognize the relevance of the selected areas of 
research, both for theoretical medicine, as well as for 
implications in public health practice. The data obtained 
from the use of sodium chloride to stimulate production 
of TGF beta in the group of animals exposed to barium 
sulfate provide additional support for this conclusion. 
Recall that a comparative analysis of postmortem tis-
sues of the rat uterus treated with barium sulfate or talc 
showed the most pronounced structural changes of the 
body against the administration of barium sulfate. In ad-
dition, the qualitative difference in changes caused by 
the appointment of barium sulfate is a clear stimulation 
of neoangiogenesis, which is increasing significantly in-
fluenced by salt solution. According to the literature, ex-
cessive consumption of sodium chloride by rats leads to 
increased production of TGF beta1 intraorganic during 
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the first 24 hours of exposure to salt solution and may 
be accompanied by stimulation of the mechanisms of 
conversion of latent cytokines in the physiologically ac-
tive [37,38]. As the results of clinical studies are normal, 
the highest levels of expression of TGF beta1 recorded 
in the epithelium of endometrial stromal cells without 
undergoing substantial changes during the menstrual 
cycle [7]. The information presented in one review [35] 
suggest that the functional activity of the cytokine family, 
which includes, in addition to TGF beta proteins, mor-
phogenesis of bone, under the direct control of the sex 
steroids are directly involved in the regulation of such 
key exchange processes in the tissues of the uterus, 
including the management of cyclical proliferation and 
apoptosis in epithelial repair processes, angiogenesis 
and local modulation of immune responses. In addi-
tion to the direct effect of TGF beta in the formation of 
new blood vessels [39,40], the effect of the cytokine on 
the physiological and pathophysiological mechanisms 
of neoangiogenesis in uterine tissues can be realized 
through the regulation of collagen metabolism, which 
includes a number of metalloproteinases and their tis-
sue inhibitors [41]. On the one hand, the results of their 
research provide evidence of activation of sodium chlo-
ride TGF beta, as evidenced by the maximum intensity 
of tissue fibrosis, sclerosis of blood vessels, neoangio-
genesis and adhesions. On the other hand, the violations 
influences are observed against a background of clear-
cut amplification of immune responses that are not fully 
consistent with the notion of the regulatory effects of TGF 
beta— a powerful immunosuppressant [35]. Published 
studies indicate that a number of pro-angiogenic cyto-
kines (VEGF) have proinflammatory properties, inducing 
activation of immune cells [42]. In turn, as shown by ex-
perimental observations, the newly formed blood vessels 
are an effective route of leukocytes into tissues [32].
 Thus, in summary, we can conclude that assuming 
the use of vitamin D as a deterrent to the process of 
post-traumatic adhesion formation by suppressing the 

activity of TGF beta, based on our research results, this 
drug shows poor therapeutic efficacy in experimental 
models of pathological processes, using talc, provid-
ing a relatively low rate of adhesions and pathological 
changes in tissue structure of the uterus. We assume 
that this results from immunomodulatory properties of 
vitamin D which may be directed to the switching of im-
mune responses, in particular, the mechanisms of matu-
ration of dendrite cells, as an alternative. This sequence 
of events contributes to the formation and maintenance 
of foci of chronic inflammation and increased expres-
sion of pro-angiogenic and prosclerotic factors. Emerg-
ing pockets of chronic inflammation, increasing the po-
tential prosclerotic effect, contribute to the development 
of organ fibrosis [43]. Note that these findings do not 
contradict the views of the importance of the role of the 
TGF beta in the healing process. On the other hand, 
the induction of TGF beta1 due to the inclusion of saline 
points to the relevance of maintaining a balance of cyto-
kines required for optimal flow of reparative processes.

Conclusions
1. We established that intraperitoneal injection of rats 
with an aqueous suspension of barium sulfate, as com-
pared with talc, results in a more intense manifestation 
of adhesions and stimulation of neoangiogenesis in the 
uterus.
2. We showed that prolonged intraperitoneal administra-
tion of vitamin D to rats subjected to single exposure of 
talc was accompanied by activation of neoangiogenesis 
and increased structural damage to tissues of the uter-
us; the intensity of the adhesion process was increased.
3. We established that prolonged exposure to saline 
rats exposed to a single effect of barium sulfate, causes 
gross structural damage to the tissues of the uterus and 
induces pathological changes in the reparative process-
es in the background of significant amplification of edu-
cation post-traumatic adhesions.

References

[1] Saed GM, Zhang W, Chegini N et al (1999) Alteration 
of type I and III collagen expression in human 
peritoneal mesothelial cells in response to hypoxia 
and transforming growth factor-β1. Wound Repair 
Regeneration 7(7):504-510

[2] Saed GM, Diamond MP (2002) Hypoxia-induced 
irreversible up-regulation of type I collagen 
and transforming growth factor-beta1 in human 
peritoneal fibroblasts. Fertil Steril 78(1):144-147

[3] Chegini N (2008) TGF-beta system: the principal 
profibrotic mediator of peritoneal adhesion formation. 
Semin Reprod Med 26(4):298-312

[4] Ng CP, Hinz B, Swartz MA (2005) Interstitial fluid flow 
induces myofibroblast differentiation and collagen 
alignment in vitro. Journal of Cell Science 118:4731-
4739

508



N. Novikov et al.

[5] Klass BR, Grobbelaar AO, Rolfe KJ (2009) 
Transforming growth factor β1 signalling, wound 
healing and repair: a multifunctional cytokine with 
clinical implications for wound repair, a delicate 
balance. Postgraduate Medical Journal 85:9-14

[6] Abe R, Donnelly SC, Peng T et al (2001) Peripheral 
Blood Fibrocytes: Differentiation Pathway and 
Migration to Wound Sites. The Journal of Immunology 
166:7556-7562

[7] Chevronnay HP, Cornet PB, Delvaux D et al (2008) 
Opposite Regulation of Transforming Growth 
Factors-β2 and -β3 Expression in the Human 
Endometrium. Endocrinology 149(3):1015-1025

[8] Mizobuchi M, Morrissey J, Finch JL et al (2007) 
Combination Therapy with an Angiotensin-
Converting Enzyme Inhibitor and a Vitamin D Analog 
Suppresses the Progression of Renal Insufficiency 
in Uremic Rats. J Am Soc Nephrol 18:1796-1806

[9] Lower AM, Hawthorn RJS, Clark D et al (2004) 
on behalf of the Surgical and Clinical Research 
(SCAR) Group Adhesion-related readmissions 
following gynaecological laparoscopy or laparotomy 
in Scotland: an epidemiological study of 24 046 
patients. Human Reproduction 19(8):1877-1885

[10] Saed GM, Zhang W, Chegini N et al. (2000) 
Transforming growth factor beta isoforms 
production by human peritoneal mesothelial cells 
after exposure to hypoxia. Am J Reprod Immunol 
43(5):285-291.

[11] Saed GM, Kruger M, Diamond MP (2004) 
Expression of transforming growth factor-β 
and extracellular matrix by human peritoneal 
mesothelial cells and by fibroblasts from normal 
peritoneum and adhesions: Effect of Tisseel. 
Wound Repair and Regeneration 12(5):557-564

[12] Margetts PJ, Bonniaud Ph (2003) Basic mechanisms 
and clinical implications of peritomeal fibrosis. 
Peritoneal Dialysis International 23(6):530-541

[13] Nappi C, Di Spiezio Sardo A, Greco E et al 
(2007) Prevention of adhesions in gynaecological 
endoscopy. Human Reproduction Update 
13(4):379-394

[14] Binda MM, Molinas CR, Koninckx PR (2003) 
Reactive oxygen species and adhesion formation. 
Clinical implications in adhesion prevention. 
Human Reproduction 18(12):2503-2507

[15] Nishimura H, Ito Y, Mizuno M et al (2008) 
Mineralocorticoid receptor blockade ameliorates 
peritoneal fibrosis in new rat peritonitis model. Am 
J Physiol Renal Physiol 294:F1084-F1093

[16] Rout UK, Oommen K, Diamond MP (2000) Altered 
expressions of VEGF mRNA splice variants during 
progression of uterine-peritoneal adhesions in the 
rat. Am J Reprod Immunol 43(5):299-304

[17] Deban L, Correale C, Vetrano S et al (2008) 
Multiple Pathogenic Roles of Microvasculature in 
Inflammatory Bowel Disease: A Jack of All Trades. 
American Journal of Pathology 172:1457-1466

[18] Matsuzaki S, Canis M, Bazin J-E et al (2007) Effects 
of supplemental perioperative oxygen on post-
operative abdominal wound adhesions in a mouse 
laparotomy model with controlled respiratory 
support. Human Reproduction 22(10):2702-2706

[19] Al-Badr W, Martin KJ (2008) Vitamin D and Kidney 
Disease. Clin J Am Soc Nephrol 3:1555-1560

[20] Subramaniam N, Leong GM, Cock T-A et al (2001) 
Cross-talk between 1,25-Dihydroxyvitamin D3 
and Transforming Growth Factor-beta Signaling 
Requires Binding of VDR and Smad3 Proteins to 
Their Cognate DNA Recognition Elements. J Biol 
Chem 276(19):15741-15746

[21] Rodriguez-Iturbe B, Vaziri ND (2007) Salt-sensitive 
hypertension—update on novel findings. Nephrology 
Dialysis Transplantation 22(4):992-995

[22] Tian J, Liu Y, Williams LA, de Zeeuw D (2007) 
Potential role of active vitamin D in retarding the 
progression of chronic kidney disease. Nephrology 
Dialysis Transplantation 22(2):321-328

[23] Tan X, Li Y, Liu Y (2006) Paricalcitol Attenuates 
Renal Interstitial Fibrosis in Obstructive 
Nephropathy. J Am Soc Nephrol 17:3382-3393

[24] Koleganova N, Piecha G, Ritz E, Gross M-L (2009) 
Calcitriol ameliorates capillary deficit and fibrosis 
of the heart in subtotally nephrectomized rats. 
Nephrology Dialysis Transplantation 24(3):778-787

[25] Hathcock JN, Shao A, Vieth R, Heaney R (2007) 
Risk assessment for vitamin D. American Journal 
of Clinical Nutrition 85(1):6-18

[26] Holick MF (2007) Vitamin D Deficiency. N Engl J 
Med 357(3):266-281

[27] Liu PT, Stenger S, Li H et al (2006) Vitamin D3-
Triggered Antimicrobial Response—Another 
Pleiotropic Effect beyond Mineral and Bone 
Metabolism. J Am Soc Nephrol 17:2949-2953

[28] Evans KN, Nguyen L, Chan J et al (2006) Effects of 
25-Hydroxyvitamin D3 and 1,25-Dihydroxyvitamin 
D3 on Cytokine Production by Human Decidual 
Cells. Biol Reprod 75:816-822

[29] Dong X, Craig Th, Xing N et al (2003) Direct 
Transcriptional Regulation of RelB by 1-alpha,25-
Dihydroxyvitamin D3 and Its Analogs. Physiologic 
and therapeutic implications for dendritic cell 
function. J Biol Chem 278(49):49378-49385

509



Pathogenetic mechanisms of posttraumatic
fibrosis of the uterus of white rats

[30] Hewison M, Freeman L, Hughes SV et al (2003) 
Differential Regulation of Vitamin D Receptor and 
Its Ligand in Human Monocyte-Derived Dendritic 
Cells. The Journal of Immunology 170:5382-5390

[31] Lipscomb MF, Masten BJ (2002) Dendritic Cells: 
Immune Regulators in Health and Disease. 
Physiological Reviews 82(1):97-130

[32] Riboldi E, Musso T, Moroni E et al (2005) Cutting 
Edge: Proangiogenic Properties of Alternatively 
Activated Dendritic Cells. The Journal of 
Immunology 175:2788-2792

[33] Webster B, Ekland EH, Agle LM et al (2006) 
Regulation of lymph node vascular growth by 
dendritic cells. J Exp Med 203(8):1903-1913

[34] Mantell DJ, Owens PE, Bundred NJ et al 
(2000) 1alpha,25-Dihydroxyvitamin D3 Inhibits 
Angiogenesis In Vitro and In Vivo. Circulation 
Research 87:214-220

[35] Jones RL, Stoikos Ch, Findlay JK, Salamonsen LA 
(2006) TGF-ß superfamily expression and actions 
in the endometrium and placenta. Reproduction 
132:217-232

[36] Zhong Z, Patel AN, Ichim ThE et al (2009) 
Feasibility investigation of allogeneic endometrial 
regenerative cells. J Transl Med 7:15

[37] Sanders PW (2004) Salt intake, endothelial cell 
signaling and progression of kidney disease. 
Hypertension 43:142-146

[38] Rodriguez-Iturbe B, Vaziri ND (2007) Salt-sensitive 
hypertension—update on novel findings. Nephrology 
Dialysis Transplantation 22(4):992-995

[39] Cines DB, Pollak ES, Buck CA et al (1998) 
Endothelial Cells in Physiology and in the 
Pathophysiology of Vascular Disorders. Blood 
91(10):3527-3561

[40] Kowanetz M, Ferrara N (2008) Vascular Endothelial 
Growth Factor Signaling Pathways: Therapeutic 
Perspective. AACR Education Book P.173-181

[41] Gilabert-Estellés J, Ramón LA, España F et 
al (2007) Expression of angiogenic factors in 
endometriosis: relationship to fibrinolytic and 
metalloproteinase systems. Human Reproduction 
22(8):2120-2127

[42] Schaper W, Scholz D (2003) Factors Regulating 
Arteriogenesis. Arteriosclerosis, Thrombosis, and 
Vascular Biology 23:1143-1151

[43] Vallance BA, Gunawan M, Hewlett B et al (2005) 
TGF-beta1 gene transfer to the mouse colon leads 
to intestinal fibrosis. Am J Physiol Gastrointest 
Liver Physiol 289:G116-G128

510




