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Abstract

Blood micro-circulation within the placental villous system still raises a large number of problems of functional
anatomy concerning the angio-structure of terminal villi, the communication between arterioles and venules of the
umbilical vascular system, the spatial extension of the “extra-vascular contractile system” and, last but not least, the
existence of the pre-sinusoid arteriole sphincters. The authors make a micro-anatomic analysis of the spatial
distribution of the collagen fibres type IlI (reticulin) as markers of the pre-sinusoid arteriole sphincters. The study was
performed on 20 human placentae of gestation age between 25 and 35 weeks. After paraffin embedding, 10 serial
sections were obtained from each paraffin block. They were stained in Hematoxilin Eosin, or silver-impregnated
according to Gomori method. We had two objectives: to evaluate the spatial distribution of post arteriole sinusoid
blood vessels within the terminal villi in the placenta, on the one hand, and the visualization of the location of a pre-
sinusoid arteriole sphincter system, on the other. The authors believe that umbilical arterioles and venules are
connected “serially” at the level of terminal villi through arteriole-venule sinusoid blood vessels. The location of the
trajectory of collagen type Il (reticulin) bundles enveloping pre-sinusoid arterioles are markers of the existence of a
pre-sinusoid arteriole sphincter at this level.

structure” has evolved. Initially the cells similar to those in the smooth
muscle were defined [1-4] and later these contractile elements were

Keywords: Collagen type III (reticulin); Pre-sinusoid arteriole
sphincter; Terminal villi; Mature intermediate villi; Sinusoid blood

vessels integrated in the “extra-vascular contractile system” at the level of stem
villi, associated with the extra-cellular matrix of villose stroma [5,6].
Introduction The correlations between smooth muscle cells and the elastic fibres

with the collagen fibres in a myofibroelastic anatomical-functional unit

The angioarchitecture of placental villi is a fascinating field of the are well known [6].

functional anatomy of the foetus - placenta system. Although the
foetus placenta blood circulation is anatomically autonomous from
that of the mother, they are functionally interdependent. The
hemodynamics in the placenta villous system still raises a large
number of functional anatomy problems, i.e.

The presence of pre-capillary sphincters was proved in many studies
of micro-anatomy and physiology. Chamber and Zweifach [7],
working on rabbit mesentery, identified the functional involvement of
meta-arterioles in the hemodynamics in the capillary network. In his
study on micro-circulation at the level of cat mesentery, Zweifach [8,9]
has confirmed, anatomically and functionally, the presence of pre-
capillary sphincters.

o What does the vascular structure of the human placenta terminal
villi look like? Is there a capillary micro-circulation through a
sinusoid, looping blood vessel that directly joins the arteriole and

the venule of the umbilical vascular system? The next question was whether pre-capillary sphincters and meta-

arterioles are universal components of tissular microcirculations
[10,11]. A large number of physiology, pharmacology and
microanatomy research have proved the existence of these structures
in: striated somatic muscle [12-15]; integumentum commune [16,17] ;
subcutaneous fat tissue [18]; gastric mucosa [19]; liver [20]; heart [21]

o How is spatial communication between arterioles and venules at
the level of the terminal villi realized: “serially” or in “parallel”?
What are their functional influences on the blood flow?

e Can we view the blood circulation in the terminal villi as an

“extraordinary arteriole — venule system”?

o Is there a spatial extension of the structures of the “extravascular
contractile system” in the mature intermediate and/or the terminal
villi?

o What are the relationships between the collagen III (reticulin)
fibres and the contractile elements within the biodynamic
structures of placenta villi?

In the course of the history of functional anatomy of the human
placenta villouse system, the concept of “extravascular contractile

and in the small intestine submucosa [22].

We started from the assumption that, at the level of terminal villi
there is a communication system between the arterioles and umbilical
venules through sinusoid blood vessels. To control the blood flow
within the terminal villi the presence of a pre-sinusoid arteriole
sphincter system regulating the flow is required.

In the present paper, the authors aim at visualizing the pre-sinusoid
arteriole sphincter location by impregnating with silver the collagen
type III fibre (reticulin) bundles. The object of the paper concerns the
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spatial distribution of the sinusoid blood vessels within the terminal
villosities on the one hand, and the distribution of the collagen fibres
type III as markers of the location of the pre-sinusoid arteriole
sphincters, on the other.

Materials and Method

The study was conducted on human biologic material, respecting
the norms of the Code of Medical Ethics and the Code for Scientific
Research Ethics. The micro-anatomic study of the placental structures
was performed on 20 human placentae (gestation age 25 to 35 weeks)
processed shortly after deliverance inside Hospital Filantropia of
Craiova, Departments Obstetric-Gynecologie and Pathology. They
were washed in physiological saline solution 9% and immersed in
buffered formaldehyde 5%, pH 7.4. Three days after embedding tissular
fragments of 2/2 cm are taken from the para-central and marginal
zones of the placenta discus. After re-embedding in histological
paraffin, 10 serial sections (for 5 pm) were cut from each paraffin
block. The sections were either colored in Hematoxilin- Eosin for
general histo-topographic orientation in order to evaluate the
angioarchitecture of placenta villosities, or silver-impregnated
according to Gomori method in order to visualize the collagen fibres
type III (reticulin) bundles. Micro-photography was performed on
microscope Nikon 80 i by means of Sight DS-Fil Hight Definition
Color Camera Head and processed in Software NIS - Elements
Advanced Research

Results

Based on the microanatomic analysis of the serial sections of
placenta, the authors had two objectives in view:

o Evaluation of the spatial distribution of post-arteriole sinusoid
blood vessels in the terminal villi;

e Visualization of the location through an argirophilic collagen
marker, at the level of the arterioles existing in mature
intermediate villi, of a pre-sinusoid arteriole sphincter system.

Micro-anatomic analysis of the spatial distribution of
arteriole sinusoids in terminal villosities

The examination in X10 objective and X40 objective of the placenta
terminal villi connected to the mature intermediate villi enabled the
authors to evaluate their form and angiostructure. The form is
determined by the intravillouse, vascular and stromal anatomic
structures on the one hand, and their biunivocal interconnections. The
location of intravillouse blood vessels is variable: marginal in cortex
villi, central in the centrum villi (Figures 1C,1D, 1F and 1G).

The external surface of the terminal wvilli, lined with
syncytiotrophoblasts is bosselated by prominances reflecting the
presence of marginal sinusoid blood vessels. The form of terminal villi
is similar to that of a bunch of grapes (Figures 1A-1D,1F and 1G).
Marginal blood vessels compress the syncytiotrophoblast and
participate in the formation of the syncytial — vascular membrane
(Figure 1H). It is difficult to establish - in micro-anatomic sections -
the appurtnance of intravillouse sinusoid blood vessels to the
advehent/in-coming arteriole revehent/out-going venous systems.

Figure 1: Spatial distribution of pre-sinusoid arterioles into mature
intermediate villi and of sinusoid blood vessels into terminal villi of
human placenta. 1: Stem villi; 2: Terminal villi; 3: Mature
intermediate villi; 4: Villous tree; 5: Pre-sinusoid arteriole within the
mature intermediate villi, longitudinal section; 6: Sinusoid blood
vessel, within the terminal villi, oblique section; 7: Sinusoid blood
vessel within terminal villi, transverse section; 8: Villous stroma; 9:
Loop - trajectory blood vessel within the terminal villi, longitudinal
section; 10: Syncytial vascular membrane. Paraffin sections,
Hematoxylin Eosin stain (A and C - I); Reduced Silver Nitrat
Go6mori Method (B). Magnifier: Large image X10 (A,B), X140 (C-
E); X420 (F-1).

Micro - anatomic analysis of the location and trajectory of
collagen fibres type III (reticulin) bundles at the level of pre-
sinusoid arterioles in intermediary mature villosities

The examination in X10 objective and X40 objective made us easily
identify pre-sinusoid arterioles from their origins in the trunkular
arteries of stem villi to the terminal villi Crossing the mature
intermediate villi, pre-sinusoid penetrate the terminal villi where they
are continuous with the arteriole sinusoids, and through the latter with
the in-coming sinusoids of the post-sinusoid venules, without possible
micro-anatomic personalization (Figures 2A-2D). The sinusoid
trajectory of pre-sinusoid arterioles and of arteriole and venule
sinusoid vessels is clearer on the serial sections in varied planes of the
terminal villi and/or mature intermediate villi: frontal, saggital,
paramedial and/or horizontal (Figures 2A,2B,2E,2G and 2H).

The examination in X20, X40, X60 obiectives of silver-impregnated
serial sections - Gomori method enabled the visualization of the
location and trajectory of the bundles of collagen fibres type III
(reticulin) at the level of pre-sinusoid arterioles and of the villous
stroma (Figures 2B,2D-2F and 2H). At the level of pre-sinusoid
arterioles we saw dark-colored, argerophilic strips/bands alternating
with clear, nonsilver-impregnated ones. This image suggests that at this
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level there is a pre-sinusoid arteriole sphincter (Figures 2B,2D,2F and
2H).

Figure 2: Location and trajectory of bundles of collagen fibres type
III (reticulin), at the level of pre-sinusoid arterioles, in mature
intermediate villi. 1: Sinusoid blood vessels in the terminal villi
cortex; 2: Sinusoid blood vessels in the center of terminal villi; 3:
Pre-sinusoid arteriole, in transversal section; 4: Pre-sinusoid
arteriolar sphincter; 5: Pre-sinusoid arteriole, in longitudinal
section; 6: Bundles of collagen fibres type III (reticulin) of looping
trajectory, at the level of pre-sinusoid arteriole; 7: Terminal villi; 8:
Stroma in the central part of mature intermediate villi. Paraffin
section. Hematoxilin Eosin stain (A,C,G). Reduced Silver Nitrat
Go6mori Method (B,D,E,EH). Magnifier: X140 (A,D), X280 (B,C,H),
X420 (E-G).

Discussion

Based on the previous information, we could attempt a few answers
to some of the issues that blood biodynamics in the placenta villous
system is confronted with.

Stereo distribution of sinusoid blood vessels in villous micro-
circulation

Blood micro-circulation in the placental villous system takes place
in the absence of a true capillary network between arterioles and
venules in the umbilical vessels. It is achieved through sinusoid blood
vessels in the terminal villi. However, Bernischke si Kaufmannn [23]
use two terms for the intravillous blood vessels: capillaries and
sinusoids. They define sinusoids as dilated capillaries of approximately
50 um. We suggest that umbilical arterioles and venules are “serially”
connected through an anastomosis arteriole-venule by means of
arteriole-venule sinusoids. The absence of an interposed capillary
network between arterioles and venules is replaced by post-arteriole

sinusoid blood vessels distributed fanlike. Thus, we can talk about an
“extraordinary arteriole-venule sinusoid system”. This anatomic
characteristic allows the growth of the transversal section of the
intravillous vascular bed and, implicitly, a decrease of resistance to the
blood flow, according to Laplace law: the flow speed is reverse to the
transversal section in the blood vessel. This is the mechanism through
which the conditions for the mother-Foetus nutrients and gas
exchanges are made possible at the level of the syncytial-vascular
membrane.

Pre-sinusoid sphincters in the mature intermediate villi
system

Pre-capillary sphincters described by Rhodin (1967) [24] in varied
tissues as complete perivascular sleeves have not been identified in
human placenta [24]. It is thought that arterioles are continuous with
1-2 capillaries by the gradual decrese of arteriole diameter which are
free from smooth muscle cells [25].

The authors have visualized bundles of collagen fibres type III
(reticulin) having circumferential and spiral trajectory at the level of
the pre-sinusoid arteriole in the mature intermediate villi, this image
suggesting the existence of a pre-sinusoid arteriole sphincter at this
level. Graf et al. (1994) [5] have described “perivascular contractile
sheaths” in the stem villi, also called “extra-vascular contractile system’”.
Ultrastructural studies have suggested the association at this level of
smooth muscle cells and subpopulations of microfibroblasts
differentited from the perivascular mesenchimal stroma [26,27].

The presence and trajectory of collagen fibres type III (reticulin) we
have identified at the level of mature intermediate villi, around the pre-
sinusoid arteriole, are markers of the existence of a pre-sinusoid
sphincter at this level. It can be integrated in the “extravascular
contractile system” as an extension of the latter from the stem villi into
the mature intermediate villi.

Allostasic regulation of placental blood flow

“The remarkable sinusoid arteriole” venular system located in villi
terminalis ensures the direct transition of the blood from umbilical
arteries to the similar vene. Between these huge vascular streams there
are sinusoidal capillary loops that should not be assimilated to a true
capillary network.

The presence of pre-sinusoid arterial sphincters is a lead to a
allostasic, holistic concept of placental blood flow stability by self-
regulation [28,29].

We believe that the allostatic regulation of placental blood flow is
achieved by changes, multifactorially determined, of the villose
functional structures: variations of pre-sinusoid arteriole diameter,
and, implicitely, of the sinusoids within the villi terminalis;
phenotypical transformations of the villose stroma; villose intra and
extra fibrin deposits; the existence of angio and vasculo-genetic
processes, and, last but not least, of pathological states diabetes,
hypoxia, pre-eclampsia, maternal malnutrition that involve the
modulation of vascular resistance and entail restrictions in the foetal
intrauterine growth.
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Conclusion

Pre-sinusoidal arteriolar sphincters are fibro-muscular structures
involved in the allostatic self-regulation of placental blood flow
stability;

The fascicles of collagen fibres type III (reticulin) visualized at the
level of pre-sinusoidal arterioles, by location and their spiral trajectory
can be viewed as micro-anatomic markers of the existence of pre-
sinusoidal sphincters;

Allostatic regulation of villose blood flow achieved through
phenotypical transformations of villose structures as well as through
the presence of pre-sinusoidal arteriolar sphincters involves
modulation of vascular resistance with consequences upon the intra-
uterine growth of the foetus.
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