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The state of the vascular system of the mother and of placenta is known to exert a
great influence on intrauterinal development of the fetus. Pre-eclampsia is the most
common pathological syndrome connected with pregnancy. Since collagen is one of
the main constituents of the vessel wall a comparison was made with collagen content
and its molecular polymorphism in umbilical cord veins of newborns from healthy and
pre-eclamptic mothers. It was found that umbilical cord veins of newborns from moth-
ers with pre-eclampsia contained 18% less collagen than those of the newborns from
normal pregnancies. This decrease was accompanied by a slight decrease of collagen
solubility, but all its types (I, III, IV, V and VI) were present. However, the umbilical
vein wall of newborns from mothers with pre-eclampsia contained relatively less of
type I and more of type III collagen than the normal umbilical cord. These differences
may be connected with a disturbance of blood flow in fetus of a woman with

pre-eclampsia.

It is well known that the state of the vascular
system of the mother and of placenta exerts an
important influence on intrauterinal develop-
ment of fetus (Baker et al., 1989; Fox, 1997,
Howard, 1987). Pre-eclampsia is the most com-
mon pathological syndrome connected with
pregnancy (Rippmann, 1981). It is accompa-
nied by significant morphological changes in
the vessel walls of the uterus and placenta.

Contraction of small arteries, hypertrophia of
media, edema of intima and degenerative
changes in arterial walls have been observed
(Brosens, 1977; Cretti & Jaworski, 1976; Ki-
tzmiller & Bernirschke, 1973). Omental arter-
ies of women with pre-eclampsia have a signifi-
cantly smaller internal diameter than the arter-
ies of normotensive pregnant women (Aalkjaer
et al., 1985).
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Collagen is a group of at least 19 genetically
distinct proteins (Van der Rest & Garrone,
1991). The venous walls contain mainly type I,
III, IV and V collagens (Barnes, 1983; Gilligan
& Spector, 1984). It is well known that both
collagen content and the relationship between
collagens of various types change in some
pathological conditions (Barnes, 1983; 1985;
Gilligan & Spector, 1984). Previously we have
compared the collagen content, its solubility
and molecular polymorphism in normal um-
bilical cord arteries and Wharton’s jelly with
that from newborns from mothers with
pre-eclampsia (Bankowski, 1999; Bankowski
et al., 1993; 1996).

In the present paper we have examined um-
bilical cord veins to obtain more information
on the possible significance of collagen con-
stituents of umbilical vessel walls from patho-
logic pregnancies.

MATERIAL AND METHODS

Tissue material. Studies were performed
on umbilical cord veins taken from 10 control
and 10 pre-eclamptic newborns. Both the con-
trol and the pre-eclamptic babies were born
between the 38th and 41st week of gestation
by physiological delivery or by cesarean sec-
tion.

The control material was taken from new-
borns delivered by healthy mothers, aged
18-35 with normal blood pressure (systolic
100-139 mm Hg, diastolic 70-89 mm Hg),
without any symptoms of edema or renal fail-
ure. The mean body mass of newborns was
3720 + 428 g.

Mothers with pre-eclampsia demonstrated
elevated blood pressure (systolic > 140 mm
Hg, diastolic > 90 mm Hg), detectable pro-
teinuria, and edema after bed rest. The mean
body mass of these newborns was 3235 +
610 g.

Immediately after delivery, about 20 cm long
sections of the umbilical cords were excised
beginning from their placental end. The sam-

ples of veins were carefully separated from
the adjacent tissues, cut into small pieces,
washed with physiological saline and submit-
ted to biochemical studies.

Collagen content. The samples of veins
taken from 10 newborns of either group were
suspended in anhydrous acetone, homoge-
nized with a knife homogenizer and dehy-
drated in the same solvent (4°C, 48 h). The ho-
mogenate was defatted by extraction with the
mixtures of acetone:ether (1:1, v/v) and
methanol:chloroform (1:1, v/v) at room tem-
perature for 48 h. The defatted material was
dried at room temperature to a constant
weight. Collagen content was measured by the
assay of hydroxyproline as described by
Woessner (1976). Since hydroxyproline con-
stitutes about 1/8 (w/w) of collagen weight,
the approximate amount of this protein in ar-
terial tissue was calculated by multiplication
of hydroxyproline content by 8.

Collagen solubility assay. The samples of
veins taken from 10 newborns of either group
were combined, cut into small pieces, divided
into 4 parts, suspended in 1 M NaCl and ho-
mogenized with a knife homogenizer at
0-4°C. The homogenates were extracted with
the same solution at 4°C for 24 h with continu-
ous stirring and then centrifuged at 25000 X
g for 30 min. The supernatants were collected,
the sediments were extracted with the same
solution and reextracted (usually 4 times) un-
til a negative biuret reaction. The remnants
after the last extraction (with 1 M NaCl) were
extracted with 0.15 M citrate, pH 3.7, and the
combined supernatants centrifuged as above
(Schofield et al., 1971). The remaining insolu-
ble sediments were depolymerized in 4%
EDTA as described by Steven (1967), centri-
fuged off and the remnants were extracted
with 0.2 M acetic acid at 4°C (Steven, 1967).
The quantities of hydroxyproline in all super-
natants and insoluble residues were deter-
mined.

Fractionation of collagen. The veins taken
from 10 newborns of either group were com-
bined, cut into small pieces, divided into 4
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parts and homogenized in 0.2 M acetic acid
with the use of a knife homogenizer at 4°C.
The homogenates digested with pepsin (0.5
mg/ml) at 4°C for 24 h with continuous stir-
ring were centrifuged at 25000 X g for 30
min. The digestion procedure was repeated
three times in the same conditions to hydro-
lyze noncollagenous proteins. Total collagen
soluble in 0.5 M acetic acid (Chung & Miller,
1974) was precipitated with 0.7 M NaCl and
fractionated into I-VI collagen types as de-
scribed by Murata et al. (1986) using succes-
sive extractions with NaCl of increasing
molarity at different pH values.

Collagen chain fragmentation with
CNBEr. Both protein digest and insoluble sedi-
ment were dialyzed against 0.02 M NagHPO,,
pH 8.2, at 4°C. After centrifugation 70% for-
mic acid was added to the precipitate. CNBr
treatment was performed as described by
Murata et al. (1986). The amounts of CNBr
peptide bands of a-chains were densi-
tometrically determined for type I and type I11
collagen and calculated by the formula re-
ported by Murata et al. (1986).

Western blot analysis. Supernatants and
precipitates after repeated pepsin digestion of
tissue homogenates, and fractions of the
solubilized collagen were submitted to electro-
phoresis on sodium dodecyl sulphate/10%
polyacrylamide gel (SDS/PAGE) as described
by Laemmli (1970). Since types III, IV and VI
collagens contain disulphide bonds between
their subunits these samples were submitted
additionally to reduction with dithiothreitol.
After SDS/PAGE the gels were allowed to
equilibrate in 0.025 M Tris/0.2 M glycine in
20% (v/v) methanol for 5 min. The protein was
transferred to 0.2 um pore-sized nitrocellu-
lose at 100 mA for 1 h by using a Sigma-
Aldrich SU20-SDB unit. Blocking of collagen
was made with 1% BSA in TBS-T (20 mM
Tris/HCl, pH 7.4, containing 150 mM NaCl
and 0.05% Tween 20) for 1 h at room tempera-
ture, washed three times in TBS-T and submit-
ted to antibody binding by incubating with ei-
ther anti-human collagen type I, III, IV, V or

VI mouse monoclonal antibody (ICN Bio-
medicals, Inc.) at 1:1000 in 5% dried, defatted
milk in 10 ml TBS-T (4°C, overnight). The
membrane was washed three times with
TBS-T, and, to detect collagen, alkaline phos-
phatase conjugated antibody goat anti-mouse
IgG (whole molecule) was added at a concen-
tration of 1:7500 in TBS-T and incubated for 1
h at room temperature. After four washings
with TBS-T the membrane was submitted to
Sigma-Fast BCIP/NBT reagent.

Statistical analysis. Mean values from 10
assays * standard deviations (S.D.) were cal-
culated. Statistical analysis was performed us-
ing Student’s t-test, accepting P < 0.05 as sig-
nificant.

RESULTS

The walls of control umbilical cord veins con-
tained about 390 mg of collagen per gram of
dry mass, whereas those taken from
pre-eclamptic newborns contained 18% signif-
icantly less of this protein (Fig. 1A).

Solubility of collagen from umbilical veins
was very low: only about 6% of total collagen
both from control and pre-eclamptic veins
(Fig. 1B) was extracted with 1 M NaCl and
0.15 M citrate (pH 3.7). A part of polymeric
(insoluble) collagen was depolymerized with
4% EDTA and solubilized in 0.2 M acetic acid.
As can be seen from Fig. 1B the collagen of
pre-eclamptic veins was less soluble in EDTA
and acetic acid (1.4%) than collagen of control
veins (1.9%).

During digestion of vein homogenates with
pepsin in acetic acid collagen was solubilized,
and fractionated to yielded five collagen frac-
tions. For identification of particular collagen
type each collagen fraction was then submit-
ted to SDS/PAGE and for Western blot analy-
sis the respective anti-human collagen mouse
monoclonal antibodies were used. Compari-
son of the data presented in this paper with
those presented by Murata et al. (1986) and
described in our earlier studies (Bankowski et
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Figure 1. The content (A) and solubility (B) of col-
lagen in the walls of control and pre-eclamptic
veins.

Mean values from 10 (content) or 4 (solubility) assays
+S.D.; (7), control veins; (M), pre-eclamptic veins, *P <
0.001.

al., 1993; 1996) indicate that umbilical vein
contains all typical collagen subunits type: I,
ITI, IV, V and VI. Figure 2A shows that the
anti-human collagen type I monoclonal anti-
body reacted with one a-subunit detected di-
rectly in pepsin digests of both control (lane 1)
and pre-eclamptic (lane 2) veins and corre-
sponds to the type I collagen fraction obtained
by the method of Murata et al. (1986) (lanes 5
and 6). Figure 2B presents a typical electro-
phoretic pattern of type III collagen. Since
a1(IIT) subunit penetrates the gel only after
reduction of disulphide bonds (lane 3 and 4
for pepsin digests, and lanes 7 and 8 for the
fractions obtained according to Murata et al.
(1986)).

Figure 2. Western immunoblot analysis of colla-
gen type: I (A) and III (B) in umbilical cord veins
using specific antibody against each collagen
type.

The position of & subunit is marked on the left. In type
IIT collagen disulphide bonds have been reduced with
dithiothreitol. Lane 1, pepsin digest of control vein;
lane 2, pepsin digest of pre-eclamptic vein; lane 3, as 1
treated with dithiothreitol; lane 4, as 2 treated with
dithiothreitol; lane 5, the collagen fraction isolated
from control vein by the differential salt precipitation
method of Murata et al. (1986); lane 6, the collagen frac-
tion isolated from pre-eclamptic vein by the differential
salt precipitation method of Murata et al. (1986); lane
7, as b treated with dithiothreitol; lane 8, as 6 treated
with dithiothreitol.

CNBr treatment of pepsin-digested vein
homogenates allowed to evaluate the relation-
ship between collagens type I and type III
(Fig. 3). In the control vein the ratio of colla-
gen type I to collagen type III amounted 3:1.
This ratio changed to about 2:1 in the pre-
eclamptic vein. Such pre-eclampsia-associated
alterations in the type I/type III collagen ratio
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Figure 3. Electrophoretic mobilities of CNBr-pe-
ptides following degradation of the pepsin treated
vein.

Lane 1, pepsin digest of control vein; lane 2, pepsin di-
gest of pre-eclamptic vein; lane 3, the remnant following
pepsin digestion of control vein; lane 4, the remnant fol-
lowing pepsin digestion of pre-eclamptic vein.

were found both in supernatants and sedi-
ments. Figure 3 shows electrophoregram of
CNBr treated supernatants and sediments of
control and pre-eclamptic veins after pepsin
digestion in acetic acid.

Type I and type III collagens were found to
be the most abundant in the umbilical cord
vein collagens. In the control veins they con-
stituted about 70.0% and 23.3% of total colla-
gen, respectively. The amounts of type IV, V
and VI collagens were distinctly lower. They
constituted 1.0%, 2.8% and 3.0% of total colla-
gen, respectively. The walls of pre-eclamptic
veins contained a significantly higher percent-
age of type III collagen (28.8%) than the con-
trol veins. At the same time the proportion of
type I collagen was distinctly lowered reach-
ing the value of 63.9%. The amounts of colla-
gen type IV, V and VI were unchanged
(Fig. 4).

DISCUSSION

A rearrangement of extracellular matrix
takes place in the walls of umbilical cord veins

of pre-eclamptic newborns not observed in
controls. First of all we have found that con-
trol veins contain about 390 mg of collagen
per gram of dry tissue while in pre-eclamptic
veins collagen was lower by 18%. In contrast,
the pre-eclamptic umbilical cord artery (UCA)
contained more than twice as much of that
protein in comparison to control UCA wall
(Bankowski et al., 1993). Collagen content in
Wharton’s jelly was almost twice as high as in
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Figure 4. Percentage of different collagen types in
the walls of control and pre-eclamptic veins.

Mean values from 10 assays + S.D.; (77) control veins;
(M), pre-eclamptic veins; *P < 0.05.

the vein and it was unchanged in pre-eclam-
psia (Bankowski et al., 1996).

Umbilical cord vein walls were submitted to
pepsin digestion and differential salt precipi-
tation for isolation of particular collagen
types. These were characterised by Western
immunoblot analysis. Identification of each
type of collagen was done by precipitation at
specific pH conditions and NaCl concentra-
tions, and immunoreaction with the respec-
tive anti-human monoclonal antibody after
SDS/PAGE gel electrophoresis. Five collagen
fractions were obtained from vein wall by this
method. They showed typical electrophoretic
patterns of types I, III, IV, V and VI collagen,
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like those described by Murata et al. (1986)
and in our earlier papers (Bankowski et al.,
1993; 1996). Both the vein whole supernatant
and the precipitated fractions containing type
I and III collagen a-subunits reacted with spe-
cific antibodies.

Type IV, V and VI collagen a-subunits were
visualised well only after differential salt pre-
cipitation because of their low content (not
shown) and they penetrated the gel only after
disulphide bonds reduction (Hudson et al.,
1993; Kielty et al., 1990). No differences in
electrophoretic mobility of collagen subunits
were found between the control and pre-
eclamptic veins.

It is known that type I collagen is the pre-
dominant species of this protein in normal
adult human vein (Waksman et al., 1997) and
this holds also for umbilical vein. The veins of
pre-eclamptic newborns contain relatively
less type I collagen and more type III collagen.
The same differences were observed in
pre-eclamptic UCA wall (Bankowski et al.,
1993). The pre-eclamptic Wharton’s jelly was
characterised by the increase in type III colla-
gen content (Bankowski et al., 1996). It can be
concluded that pre-eclampsia is associated
with an increase in type III collagen content in
all umbilical cord tissues.

Another characteristic feature of these tis-
sues is a decreased total collagen content and
decreased its solubility. This phenomenon is
probably connected with an increase in the de-
gree of collagen polymerization. It is known
that polymeric collagen becomes insoluble in
neutral salts and in acidic solutions. The de-
crease of solubility may be also evoked by a
relative increase of type III collagen content
in veins of the pre-eclamptic newborns as it is
well known that collagen of this type demon-
strates lower solubility than type I collagen
(Miller, 1976).

The presented changes in vein collagen of
pre-eclamptic newborns are associated with
extracellular matrix rearragement of the
whole umbilical cord (Bankowski, 1999;
Bankowski et al., 1993; 1996; Pawlicka et al.,

1999; Romanowicz et al., 1998; Romanowicz &
Sobolewski, 2000). It seems possible that simi-
lar alterations occurring in other fetal blood
vessels may evoke an increase in peripheral
resistance and result in an increase in the fe-
tal blood pressure. The raised pressure may
persist after birth (Griffin et al., 1983).

The newborns delivered by mothers with
pre-eclampsia had a distinctly lower body
mass than the controls. It is apparent from
the reports of several authors that low birth
weight may be a predictor of raised blood
pressure in childhood and adult life (Baker et
al., 1989; Gilligan & Spector, 1984; Law et al.,
1993; Whincup et al., 1995). It may be sup-
posed that pre-eclampsia is a factor which
evokes the initiation of hypertension in utero
and its hightening throughout childhood and
adult life.
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