
REVISTA ESPANOLA DE FISIOLOGIA, 30, 223-228. 1974

The Splenectomy Effects on Blood Coagulation.
IL Alteration of the Coagulation-Fibrinolysis

System
A. Galarza, M. Nieto * and D. Carriazo *

Departamento de Bioquimica
Facultad de Farmacia

Universidad Complutense
Madrid - 3

(Received on June 6, 1973)

A. GALARZA, M. NIETO and D. CARRIAZO. The Splenectomy Effects on Blood
Coagulation. II. Alterations of the Coagulation-Fibrinolysis System. Rev. esp. Fisiol.,
30, 223-228. 1974.

Splenectomy cause a delay in the coagulation phenomenon, due to the presence of
circulating anticoagulants. The purpose of this study is to elucidate the anticoagulant
nature. Thromboelastography indicates that the resulting coagula from a splenectomy
do not possess an adequate structural formation. The use of immunochemical techniques
shows a rise of the noncoagulant fibrinogen degradation products in the serum. At the
same time an intense fibrinolytic activity is observed. The conclusion is reached that
after a splenectomy both fibrinogen and fibrine degrade very rapidly, and that degra­
dation products (antithrombin VI), on account of their anticoagulant nature, cause a
delay in fibrine formation. X and Y fragments are enclosed in the coagulum, whereas
C, D and E are retained in the serum. The latter are the ones detected by immunology.

Splenectomy alters the blood coagula­
tion process, producing hypocoagulability
attribuited to the presence of various he­
parin circulating anticoagulants (1, 2).
This paper studies mainly the coagulo-
lytic process by thromboelastography,
which also shows the coagulum mechani­
cal traits. Its objetive is to know the cir­
culating anticoagulant nature, made ma­
nifest in earlier studies. All this leads to
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a deeper knowledge of the already disco­
vered alterations. It is very dificult to
obtain valid concessions on the coagula­
tion problem with partial studies. Only a
confrontation of a series of results may
lead to a proper hypothesis. The results
obtained in this paper and those in earlier
ones can help in the interpretation of the
observed phenomena.

Materials and Methods

Experimentation animals. White Wis-
tar rats, 4 months old. weighing from 180 
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to 200 g have been used. They were di­
vided into three lots: normal, witness
and problem (2).

Plasma problem. To obtain compara­
tive results with those obtained in Part I
of this study, platelet-free plasma (fo­
llowing the technique described there)
has been used.

Thromboelastography. Elosegui’s tech­
nique has been followed using a Hellige
thromboelastography (3). From the graph
obtained by this technique (fig. 1), the
values for the r constant, representing the
thromboplastin generation speed according
to Leroux (8, 9) and for the K constant
(which indicates the coagulum mechanical
quality and its evolution in function of
the thrombinoformation), have been de­
duced in seconds. Since the am constant
in the graph is decisively affected by the
thrombocytes and since platelet-free plas­
ma has been used, the resulting values
have been eliminated.

Fig. 1. Thromboelastogram (type).
Constants single out: r (thromboplastin for­
mation time); k (mechanical quality of fibrine

and its evolution).

Prothrombin times. There were de­
termined by annotating the coagulation
times of the platelet-free plasmas, to
which Geigy calcium thromboplastin (fo­
llowing the accompaying directions) had
been added. The times have been deter­
minated using the Merieux B-D fibrome-
tcr, capable of registering differences in 

tenths of a second during the coagulation
process.

Identification of the fibrinogen degra­
dation products. Of the fragments re­
sulting from the plasmin or fibrinolysin
action, some have a high MW, which
partly coagulate with the fibrinogen, and
are absorbed by the fibrin coagulum.
Others non-coagulant, remain in the se­
rum. The techniques used to identify the
latter ones are based on the certain fibri­
nogen and fibrin antigenic determinants
in these fragments, which permit their
identification through antigen-antibody re­
actions (4). The first thing needed is an
appropiate antiserum.

Antiserum obtention. Fibrinogen or
fibrin may be used as antigen. The anti­
serums obtained from fibrin possess a
higher tritation than those obtained from
fibrinogen. For this reason, several rab­
bits were inoculated with a fibrin suspen­
sion, obtained by recalcification of a ci­
trated plasma. The fibrin thus obtained,
whased with a physiological solution and
suspended in the same solution, is tested
by the Lowry’s method and diluted until
950 mg protein/100 ml. Three rabbits are
inoculated every other day during 9 days
with 0.5 ml of the said suspension. Eight
days after the last inoculation, the blood
is drawn from the animals through intra­
cardiac puncture. The serum thus ob­
tained is preserved in a cold room with
sodium azide (4).

Purifying the antiserum. The antifibrin
thus obtained contains antibodies againts
other plasmatic proteins drawn from the
fibrin during the flocculation (5, 6), which
unpurify the antigen suspension adminis­
tered to the rabbit. The foreign antibo­
dies are eliminated then by adding an
excess of its antigens, obtained by mixing
the antiserum with 20 % of its volume of
a normal rat serum.

After keeping the mixture at 4° C for
24 hours, the resulting precipitate of gam­
ma globulin-antigamma globulin is eli-
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minated by centrifugation. Flocculation
tests are performed then to ascertain the
antifibrin serum purity, by double diffu­
sion against normal plasma and serum,
using noble agar plates at 1.5 % in phos­
phate buffer to pH 8.2. If the result is
positive keep adding small amounts of
normal serum to the antifibrin until the
reaction is negative.

Tritation of the fibrinogen degradation
products. The tritation of the fibrinogen
degradation products was performed after
the obtention of the antifibrin serum title,
using the precipitation technique in a li­
quid medium (4). To this end 0.05 ml of

Table 1. Variations of the prothrombin time
(sec.) after the operation.

The prothrombin times have been determined
on platelet-free plasma, added with Ca++
thromboplastin Geigy, in the B-D Merieux

Fibrometer.

Time
experimentation

(days)
ANIMALS*

Laparot. Splenect.

2 9.2 ±1.7 9.8 ±1.2
4 10.3 ±0.4 11.4±1.4
6 10.1 ±0.4 10.6±1.2
8 9.3±0.5 10.1 ±0.9

10 9.6±0.9 10.2±1.5

• Control animals = 9.5 + 0.8.
antifibrin serum was mixed with 0.05 ml
of the problem serum from 10 different
dilutions (F = 0.5).

The precipitate obtained from the fibri­
nogen degradation products is more dif­
ficult to observe than the one obtained
from the native fibrinogen (7). For this
reason the readding technique was sligh­
tly changed. After shaking the mixture
for ten minutes, the plates were left in a
stove at 37° C during 20 minutes. The
presence of precipitates are observed with
indirect light in a dark room, adding the
number of obtained precipitations to the
ten different dilutions of the problem se­
rum. Thus, the expression of the equiva­
lent fibrinogen results is avoided (10, 11,
12, 13).

Fibrinolytic activity. It was measured
by the proteolysis rate of the platelet-
free plasma euglobulins, following the
Von Kaulla’s method, modified by Ra­
by (9).

Results

In Table I the mean values of the pro­
thrombin times are measured in seconds.
In figure 2 the mean values of the r cons­
tant of the thromboelastogram from oper­
ation time are measured in seconds. In
figure 3, the mean values of the K cons­
tant are also accordingly measured. In the

Fig. 2. Variations of the r constant (in se­
conds) according to the values obtained in the
thromboelastogram, versus the time elapsed

after the operation (in days).
— normal; -o-o- laparotomized; sple-

nectomized animals.

Fig. 3. Variations of the k constant (In se­
conds) according to the values obtained in the
thromboelastogram, versus the time elapsed

after the operation (in days).
— normal; -o-o- laparotomized; sple-

nectomized animals.
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Fig. 4. Variations of the fibrinolytic activity
at different times of the experimentation (in

days).
----normal; -o-o- laparolomized; sple-
nectomized animals. Plasmin activity has been
determined by precipitation of plasmatic euglo-
bulines with 0.1 % H+CHnCOO-, pH 5.2 and
their proteolysis with CaCL and Owren-Ko-
Uer's buffer. The values in minutes measure
the time elapsed until the total fibrinolysis.

• Control animals = 0.

Table II. Determination of the products of
the fibrinogen degradation by immunology.
The values are expressed adding the partial
possitive immunological reactions wits antifi­

brin serum.

Time
experimentation

(days)

ANIMALS’
Laparot. Splenect.

Total flocculations

2 3 12
4 25 38
6 2 26
8 2 14

10 i1
0 8

figure 4, the fibrinolytic activity of nor­
mal, witness and problem plasmas are
shown from the time of operation. In the
table II, the immunological results of the
fibrinogen degradation products, present
in the serum, are indicated. The values
are expressed as a sum total of the posi­
tive flocculation reactions from operation
time, in ten different dilutions of the same
serum.

Discussion
The addition of calcium thromboplastin

eliminates, in the coagulation process, 

those reactions that lead to the thrombo­
plastin formation and causes only those
related to thrombin and fibrin formation
accompanied by antithrombin presence.
It is one of the few tests that is not in­
fluenced by platelets and gives normal
results in hemophilic state. Any test al­
teration indicates a dysfunction in the
thrombin of fibrin formation, alien to
those causes. The results show a lengthen­
ing of the prothrombin times in witness
and problem animals, wit maximum
lengthening on the fourth day after the
operation. Recovery is alower in problem
than in witness animals. The evolution of
these values is similar to that obtained in
earlier works concerning recalcification
and thrombin times. They show a slight
hypocoagulability, more pronounced in
splenectomized animals than in laparoto-
mized ones. If the values of the r cons­
tant is an index of thromboplastin forma­
tion rate, the results found in figure 2,
together with those for the T1 constant
(found in the first part of this paper),
show that the coagulation alteration af­
fects not only the thrombin and fibrin
formation stages, but also the thrombo­
plastin genesis. It show also the presence
of a circulating anticoagulant that affects
the three classic coagulation stages, acting
with maximum intensity on the fourth
day.

Thromboelastography is not realy aki­
netic coagulation study about such factors
as the fibrinogen and platelets quantity
and quality. Since pletelets-free plasmas
have been used, the external factors to
the enzymatic reaction itself, have been
reduced to the fibrinogen derivates. An
increase of the k values indicates a defi­
cient structuration of the coagulum, i.e. a
coagulum formation of poor quality. This
could be attributed to a deficiency of fac­
tor XIII, a fibrin stabilizer, but since the
witness animals present the same charac­
teristics than the problem animals and
since there is no sufficient reason to be­
lieve that they also suffer a deficiency of 
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the above mentioned factor, this hypothesis
was discarded. Nevertheless the possibi­
lity that the alterations could be conside­
red. The fibrinigen degradation products
(X, Y, C, D, E protides) possess anti­
coagulant properties. An excess of these
protides would delay the coagulolytic phe­
nomenon. X and Y products, enclosed in
the coagulum, originate abnormal coagula
in their physico-chemical properties, when
their formation is very high. This tipe of
coagula formation might be the cause for
the variations of the k values. Since D, C
and E fragments are not coagulable and
are found in the serum, they can commu­
nicate their anticoagulant property to nor­
mal serums (as it happens with splenec-
tomized animal serums, part I of this
paper).

An increase in the fibrinogen degrada­
tion products implies a previous fibrinoly­
tic hiperactivity and an increase of C, D
and E products in the serum. The study
of the fibrinolysis intensity indicates that
the euglobulin coagulum is digested by
the splenectomized animal plasma at a
remarkably higher rate than that reached
by normal plasma. This confirms the hy­
pothesis of a protide hyperformation, ori­
ginated from fibrin degradation. Identifi­
cation of C, D and E peptides in the se­
rum, ratifies that confirmation. These pep­
tides possess antigenic properties and all
their groups are contained in the fibrine
structure. For this reason the antifibrin
serum is able to precipitate them. The
antiserum treatment given to the experi­
mentation animals, shows an increase in
the fibrinogen degradation product more
pronounced in the splenectomized ani­
mals. This data confirms the hypothesis
presented in earlier works on the splenec­
tomy effects in the coagulation process.
From all this the conclusion is reached
that splenectomy upsets the fibrinolysis­
coagulation equilibrium, causing an in­
crease of fibrinolytic activity. As a result,
the fibrinogen degradation products are 

heightened and, since they possess anti­
coagulant properties, they should be res­
ponsible for the delay in the coagulation
process. The said products have antigenic
properties; some remain enclosed in the
coagulum (X and Y) and cannot be de­
tected by immunochemical methods, since
the coagulum fibrine has their antigenic
groups. They can be detected, however,
by altering the coagulum structural con­
figuration, which affects the thromboel­
astogram k values. Others derivates (C, D
and E protides) remain in the serum and
their anticoagulant nature delays the co­
agulation process in normal plasmas. They
also possess antigenic properties and for
this reason have been detected in pro­
blem serums by immunological reactions.
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