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ABSTRACT

In this study we compared some properties of fibrinogens, obtained
from normal adult and cord plasma. Fibrinogen preparations were
made under conditions, which minimize proteolytic breakdown in
vitro. We were not able to demonstrate any significant differences
between both purified fibrinogens as to the effects of pH and
ionic strength on its clotting properties, the K_ for thrombin,
SDS polyacrylamide gelelectrophoresis behaviour Br carbohydrate
content.

However, the phosphorus content of cord fibrinogen was 3-4 times
higher than that of adult fibrinogen.

The accelerating effect of calcium on the thrombin clotting time
was more pronounced for newborn cord plasma and for purified cord
fibrinogen preparations as compared with adult fibrinogen. This
might be explained by the higher phosphorus content of the cord
fibrinogen molecule.

The thrombin clotting time of both purified adult and cord fibri-
nogen was markedly prolonged, when increasing amounts of fibrino-
gen degradation product fragment X were added to the fibrinogen
solutions under conditions with high pH or high ionic strength.

At high pH the effect of adding fragment X was more pronounced in
cord fibrinogen preparations. Therefore, mixtures of purified
fibrinogen and fragment X have several properties in common with
fetal fibrinogen.

These observations show, that some of the properties that have
been attributed in the literature to a distinct fetal fibrinogen
can be caused by the presence of fragment X in the cord fibrinogen
preparations.
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INTRODUCTION

The possible existence of a distinct fetal fibrinogen was first reported by
Burstein and coworkers in 1954 (1). They compared some optical and
mechanical properties of clots of newborn and adult fibrin and found that a
clot of fibrin of mewborns was more transparant and less compressible than
a clot of fibrin of adults. The difference was relatively pronounced at pH
8.6 but hardly detectable at pH 6.9. Kinzer (2) noted that whereas the
level of most clotting factors was low, the level of fibrinogen in the
newborn was usually the same as in the adult, however Kiinzer also noted
differences in properties.

He postulated a functionally different fibrinogen in the newborn with an
accelerated fibrinogen-fibrin transition.

Witt (3-9) isolated fibrinogen from human umbillical cord blood.

She found a significantly retarded thrombin-catalysed conversion of cord
fibrinogen to fibrin at pH's around 7. The difference was even more
pronounced at pH 8.5. Electron microscopic comparison of fetal fibrin clots
with those from adults showed shorter and thinner fibers, which might be a
corrolary of the old observation that the fibrin clots in newborn plasma
‘are more transparant (8,9).

Galanakis (10-12) emphasized the importance of the 'solvent conditions,
especially of the ionic strength in the testing systems. He found that
relatively high ionic strengths prolong the thrombin clotting time of cord
fibrinogen more than that of adult fibrinogen. In agreement with Guillin
(13) he found a slower rate and a lower degree of aggregation of fetal
fibrin monomers as compared with adult fibrin monomers at high ionic
strength.

Teger-Nilsson (14) found only a slightly lower aggregation rate of fetal
fibrin monomers and no significant prolongation of the thrombin clotting
time at a physiological ionic strength and pH. This was also reported by
Krause (15). Teger-Nilsson found no differences between the two types of
fibrinogen on polyacrylamide gel electrophoresis and mapping of tryptic
peptides of reduced and alkylated polypeptide chains.

Witt and coworkers (3-9) described extensively the molecular properties of
purified cord fibrinogen. The overall amino acid composition of newborn
fibrinogen was virtually the same as that of adult fibrinogen. On the basis
of data obtained by fingerprinting tryptic digests, she postulated that at
least three peptides differ in newborn as compared with adult fibrinogen.
Fetal fibrinogen has been reported to contain the same amount of hexose,
but almost twice the amount of phosphorus of adult fibrinogen (5). This
probably did not explain the functional differences because enzymatic
dephosphorylation did not correct the functional properties of fetal
fibrinogen. On DEAE cellulose column chromatography the major fibrinogen
peak from newborn fibrinogen preparations eluted somewhat later than those
obtained from adult material. The apparent K_ for thrombin was lower for
fetal than for adult fibrinogen, suggesting a greater affinity of thrombin
for fetal than for adult fibrinogen.

In 1979 Galanakis reported that partial removal of sialic acid shortened
the prolonged thrombin clotting time of fetal fibrinogen. He found the
sialic acid content of fetal fibrinogen to be higher than that of adult
fibrinogen (12). This was also reported by Lane, who described a markedly
different carbohydrate composition of fetal fibrinogen, particularly an
increased sialic acid content (16).

Galanakis reported in 1977 that a mixture of adult and fetal fibrinogen is
found in the cord plasma of full-term infants. In premature infants there
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is relatively more fetal fibrinogen (11).
Mills and Karpatkin (17) challenged the existence of a distinct fetal
fibrinogen. They concluded that the delay of clotting of cord fibrinogen is
due to a greater content of preformed fibrin in these preparations and
could not relate the heterogeneity of adult fibrinogen to the persistance
of a fetal fibrinogen.
Also other authors questioned the existence of a distinct fetal fibrinogen
(18,19,20),
Loly (21) could not find any difference between adult and fetal sheep—
fibrinogen.
Alltogether there is still a lot of controversy about the properties of the
so called fetal fibrinogen and even its existence is doubted. Indeed the
variations in experimental results can be explained by differences in
purification methods and solvent conditions in the testing systems. Also
artefacts, introduced by limited proteolysis in vitro cannot be precluded.
We therefore reexamined the problem under conditions, where special care
was taken to prevent proteolysis in vitro.
We also measured the influence of adding increasing amounts of fragment X
to see whether the reported differences between preparations of newborn and
adult fibrinogen could be explained by the presence of degradation products
in the former. : ;

MATERTIALS AND METHODS

Blood samples were obtained from the umbillical cords of normal full-term
infants by venapuncture, immediately after clamping the umbillical cord.
The Apgar score of the infants was more than 7 after one minute, the pH of
the umbillical vein blood greater than 7.20 and the birth weights were all
in the normal range. There were no signs of fetal distress before
parturition and no macroscopic alterations of the placenta and the
umbillical cord were observed.

The mothers did not receive any medication, reported to possibly influence
the haemostatic reaction in the child.

The first few ml's of cord blood after a clean venapuncture were discarded.
The blood was then collected in an anticoagulant medium containing 1%(w/w)
Na, EDTA, 0.9%(w/w) NaCl and 400 K.I.U. Trasylol per ml. 9 volumes of blood
were mixed with 1 volume of anticoagulant medium.

Immediately after blood sampling 1 7% (v/v) di-isopropylphosphofluoridate
(DFP) solution (0.1 M in dry isopropanol) was added to prevent proteolysis
vitro. The samples were centrifuged for 15 minutes at 1500 g in a swing-out
rotor. The plasma was centrifuged at 20.000 g for twenty minutes to remove
blood platelets and other particulate elements.

The plasma was then diluted to 1.5 times the original blood volume with a
phosphate buffer, 0.15 M, pH 7.5, containing per liter 22.3 gr. K HPO,, 3
gr. KH POA’ 1.1 gr. Na EDTA, 0.1 gr. NaN, and 20.000 K.I.U. Trasylol. At
each sgep 1 % (v/v) DFP solution was added,

Cord plasma's of five newborns were combined to give a pool of approxi-
mately 100 ml plasma and stored at -20 °C untill further use. The cord
blood was obtained with the kind coSperation of the staff of the Midwivery
School in Heerlen (Head: Dr. R. Oomers).

Adult blood was collected and plasma prepared from healthy donors as
described above.

Purification of Fibrinogen:

Fetal and adult fibrinogen were purified from 100 ml cord plasma and adult
plasma respectively, by the procedure to be described below. The plasma was
applied to a Sepharose-lysine column (2.8x13 cm) to remove plasminogen. The
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eluate was brought to 25% saturation in (NH4) SO4 (13,9 gr./100 ml),
stirred for one hour at 4 °C and centrifuged for gwenty minutes at 3000 g.
The precipitate was dissolved in phosphate buffer to 1.5 times the original
blood volume and again precipitated at 25% (NH,),SO, saturation. This
precipitate was dissolved in a minimum volume of phosphate buffer and gel
filtered on a Sepharose 6B column (2x120cm) at 4 °C. The second peak
(absorbance at 280 nm) contains virtually pure fibrinogen. The purification
procedure has been described in detail elsewhere (Van Ruyven-Vermeer et al.
22)s

SDS polyacrylamide gelelectrophoresis was performed according to standard
procedure with and without #-mercaptoethanol (23).

Thrombin clotting time: Fibrinogen concentrations were adjusted to 1 mg/ml.
Aliquots of 0.200 ml fibrinogen solutions were preincubated for 30 seconds
at 37 °C. The reaction was started with 0.050 ml of a bovine thrombin
solution (5 N.I.H./ml)(Roche, Basel) and the clotting time recorded with
the use of a Kolle Hook.

The influence of the pH of the fibrinogen solutions on the thrombin
clotting time was studied by varying the pH by dialysing before the
experiment against buffers containing 0.15 M NaCl and 0.01 M Tris. Ionic
strengths were varied in the range of 0.05 to 0.30 M NaCl at a constant pH
7.4. The influence of calcium added to the thrombin solution was also
studied. To estimate the K , the clotting times were obtained with
fibrinogen solutions of diffefént concentrations.

Fragment X was prepared by limited plasmin digestion of purified adult
fibrinogen and purified according to W. Nieuwenhuizen and Gravesen (24).
The effect of adding increasing amounts of fragment X on the thrombin
clotting time of cord and adult fibrinogen was studied, especially under
conditions with a high pH and high ionic strength.

Carbohydrate determination: the carbohydrate analyses were performed
essentially as described by Kamerling and Clamp (25). They were carried out
by Drs. J.P. Kamerling, G.J. Gerling and J.F.G. Vliegenthart, Laboratory of
Organic Chemistry, University of Utrecht, Utrecht, The Netherlands. Before
analysis samples of fibrinogen were run through a Biogel-P 60 column in
0.15 M NaCl, dialysed extensively against several changes of distilled
water and freeze-dried.

Phosphorus determination: phosphorus determinations were carried out
according to Bdttcher (26). Before analysis samples of fetal and adult
fibrinogen were dialysed against several changes of twice-distilled water
and freeze-dried. To check the possibility that the phosphorus in the
fibrinogen originates from bound phospholipids, the fibrinogenpreparations
were extracted according to the following procedure: 20 mg portions of
fetal and adult fibrinogen in 10ml 0.15 M NaCl were dialyzed against
distilled water and freeze-dried.

10 m1 NaCl (0.15 M) was also dialyzed and freeze-dried, to serve as a
control. To the residues 40 ml methanol: chloroform = 1:2 was added and the
mixture heated for 15 minutes at 60 °C. After cooling to room temperature 9
ml 0.15 M NaCl was added to each tube and shaken well.

After centrifugation to separate the phases, the upper layers were removed,
the bottom layers were washed once with methanol: chloroform: water =
48:4:47 and centrifuged again. The remaining bottom layers were evaporated
under a stream of nitrogen, taken up in 0.5 ml chloroform and the amount of
phospholipids determined according to van Gent (27).
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RESULTS AND DISCUSSTION

In contrast with some reports in the literature we found no significant
different influences of the pH and/or the ionic strength on the thrombin
clotting time of adult and cord fibrinogen.

Only at high ionic strength (0.30 M NaCl) and high pH (9.0), the thrombin
clotting time seems to be slightly prolonged with cord as compared with
adult fibrinogen. However, it is difficult to decide how significant these
differences are, since it was difficult to assess the clotting times
accurately under these conditions.

The pH optimum for the thrombin-catalysed transition of both adult and cord
fibrinogen to fibrin was 7.4.

The K  values for the interaction of thrombin (bovine) with adult and cord
fibrinogen were determined by measuring clotting times with varying
fibrinogen concentrations at a fixed thrombin concentration. The results
are shown in figure 3. In this figure use has been made of the fact, that
the clotting time is proportional to 1/v (v = velocity of the overall
fibrinogen conversion reaction in an experimental set up)(28). As can be
concluded from this figure, no significant differences could be found
between the Km's of adult and cord fibrinogen. The values found were 0.70
and 0.62 uM respectively.

te
sec. 10T

Figure 1:

K for the interaction
with thrombin (bovine)
fibrinogensolutions in
the range of 0.1 to 1
mg/ml at pH 7.4 and 0.10
M NaCl and 0.010 M Tris.
¥ = adult fibrinogen,

e = cord fibrinogen

1 T E 4 g Ry hi
lc magjmi

Electrophoresis on SDS polyacrylamide gels containing £ -mercapto—ethanol
showed no difference between adult and cord fibrinogen (not shown).

The carbohydrate compositions of cord fibrinogen and adult fibrinogen are
essentailly the same (table 1) and the results are in accordance with the
data of Townsend (29) for adult fibrinogen.

Differences in the sialic acid content, reported in the literature (12,16)
were not confirmed.



306 REEVALUATION OF FETAL FIBRINOGEN Vo1.32, No.3

TABLE 1

A. Carbohydrate Composition of Adult and Cord Fibrinogen

nmol./mg molar ratio

Adult cord adult cord
mannose 40.7 317 346 3.0
galactose 25,5 19:5 1.9 1.8
glucose 10.7 2.9 0.8 059
N-acetyl glucosamine 32.3 2447 2.4 243
sialic acid 16.5 14,5 2 1.4

We could confirm that the phosphorus content is 3 to 4 times higher in cord
fibrinogen than in adult fibrinogen (5). It could be excluded that his was
due to contamination with phospholipids, because after 1lipid extraction
virtually no phosphorus was found in the extracts. The results are shown in
table 2.

TABLE 2
Phosphorus Content of Adult and Cord Fibrinogen (molar ratio)

cord fibrinogen: P
adult fibrinogen: P

1 : (10.9 + 0.2).
ey (2-9_";004)-

nn

We also studied the influence of calcium on the thrombin-catalysed
transition of fibrinogen to fibrin. The results are shown in figure 2.

Y%
seg
Figure 2:

Effect of calcium on the
thrombin clotting time
fibrinogen solutions 1
mg/ml at pH 7.4, 0.15 M
NaCl and 0.010 M Tris

¥ = adult fibrinogen,

® = cord fibrinogen

10+

Il I I
T T T T T

' '
t
02 06 1 2 fli 4 5 6 mM CaCl,
fc.

From this it can be seen that the procoagulant effect of adding calecium to
the thrombin solution is more pronounced in the preparations of cord-
fibrinogen than in those of adult fibrinogen.

Some of the properties, ascribed to a distinct fetal fibrinogen species,
might be explained by the occurence of contaminants, especially fibrinogen
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breakdown products, in some cord fibrinogen preparations. These might have
been formed in vivo or in vitro. We tried to minimize fibrinogen proteo-
lysis in vitro in our purification procedure.

No fibrinogen degradation products were observed in our purified cord and
adult fibrinogen preparations. This indicates that such degradation
products do not occur in vivo in detectable amounts or that they have been
lost during the purification of the fibrinogen. The latter possibility
would lead to a correction of the apparent abnormalities observed with cord
plasma as a result of the purification.

The occurence of degradation products in newborn blood in vivo is likely,
since it is known that in the sick newborn a marked degree of diffuse
intravascular coagulation is quite common, probably related to hypotension,
hypothermia, hypoxia, acidosis, poor tissue perfusion, hepatic immaturity
and a poorly developped reticulo endothelial system, which may prevent
adequate clearing of activated coagulation factors and therefore enhance
the sequala of diffuse intravascular coagulation.

The enhanced fibrinolytic capacity of cord blood of normal newborns is well
documented in the literature (30) and may be the cause of some proteolysis
of fibrinogen.

If demonstrated, the presence of degradation products in cord plasma could
explain some of the properties, ascribed to fetal fibrinogen. It is knowm,
that fragment X, for instance is a potent inhibitor of the action of
thrombin on fibrinogen and polymerization of fibrin monomers (24). 1In
nearly all newborn cord plasma's the thrombin clottting time is prolonged.
According to our data, this prolongation cannot be attributed to different
clotting properties of purified cord fibrinogen, but might well be
explained by the presence of for instance fragment X. As At this time no
specific and sensitive methods are available to demonstrate the presence of
low levels of some of the high molecular weight breakdown products directly
in plasma, we studied the influence of increasing amounts of added fragment
X to the solutions of purified fibrinogens, especially under conditions
with a high pH and high ionic strength.

150
Figure 3:

Effect of fragment X at high
pH, fibrinogen solutions

1 mg/ml, 0.15 M NaCl, 0.010 M
Tris, pH 9

¥ = adult fibrinogen

® = cord fibrinogen

100

) 10 20 30 50 NM
FRAGM. X ADDED
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As can be seen in figure 3, the thrombin clotting time of cord fibrinogen
appeared to react stronger to the addition of fragment X than adult
fibrinogen at pH 9. No differences were recorded between the two types of
fibrinogen at high ionic strength, when increasing amounts of fragment X
were added to the fibrinogen solutions.

This is shown in figure 4.

te sec

Figure 4:

Effect of fragment X at high
ionic strength, fibrinogen
solutions 1 mg/ml, 0.30 M NaCl,
0.010 M Tris, pH 7.4

¥= adult fibrinogen

@= cord fibrinogen

204

l
10 20 30 50 nM
FRAGM. X ADDED

These results suggest that some of the clotting properties, ascribed in the
literature to fetal fibrinogen may be due to a contamination with
degradation products such as fragment X.

Witt postulated (9) that the synthesis of fetal fibrinogen lasts only for
7-8 days after birth. We suggest, that after that period the fibrin-
(ogen)olysis has returned to normal levels and that degradation products
such as fragment X have been cleared from the newborn blood.

Our results clearly confirm the higher phosphorus content in purified cord
fibrinogen than in adult fibrinogen. Little or nothing is known about the
role of phosphorus in the fibrinogen molecule.

Blombick (31) showed that the phosphorus in adult fibrinogen is covalently
bound in the form of O-phosphoserine and partly found in fibrinopeptide A.
According to the data of Witt enzymatic dephosphorylation had no effect on
the functional properties (5).

The higher phosphorus content may play a role in the more pronounced effect
of calcium added to the thrombin solution, on the thrombin clotting time in
purified cord fibrinogen as compared with adult fibrinogen. At present
experiments are carried out to find possible correlations between levels of
plasminogen activators and prolonged thrombin clotting times of cord plasma
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