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ABSTRACT:
Thymus peptides (thymulin, thymosin alpha 1 and

thymosin beta 4) inhibiting effects on the intrinsic blood
coagulation pathway in rats

Background and purpose: Hemostasis is a basic
homeostatic mechanism protecting the body from throm-
bosis or haemorrhage. A number of pathological conditions,
including multiple endocrine disorders modulate the bal-
ance between pro- and anticoagulation factors and estab-
lish conditions of hyper- or hypocoagulability. Endocrine
effects of thymus gland on blood coagulation are not com-
pletely elucidated, and data existing on the theme are rela-
tively scarce and partially controversial. The present study
was designed to investigate thymus peptides (thymulin,
thymosin alpha 1 and thymosin beta 4) effects on key in-
trinsic pathway plasma clotting factors XII, XI, IX, X and
activated partial thromboplastin time (aPTT) – a principal
marker of blood coagulation via intrinsic pathway of
hemocoagulation, in rats.

Materials and methods: Plasma clotting factor ac-
tivities and aPTT were studied on 52 male Wistar intact
rats after 3 day s.c. application of the thymic peptides en-
visaged using routine kinetic coagulometry.

Results of the study indicate a significant reduction
of FXII activity by thymulin and thymosin alpha 1, and
FXI and FIX activity by thymulin and thymosin beta 4.

Conclusion: Upper results support the conclusion
that thymus peptides thymulin, thymosin alpha 1 and
thymosin beta 4 application in rats imposes a distinct ten-
dency of hypocoagulability.

Keywords: thymulin, thymosin alpha 1, thymosin
beta 4, aPTT, intrinsic pathway, hemocoagulation,

INTRODUCTION:
Hemostasis is a complex evolutionary mechanism

involved in the maintenance of blood circulation integrity
[1]. Procoagulant and anticoagulant factor disorders are
commonly associated with a tendency of either haemor-
rhage or thrombosis [2]. The classic “cascade” model of
blood coagulation activation includes two pathways: in-
trinsic and extrinsic [3]. Blood coagulation via the intrin-

sic pathway is initiated by activation of plasma clotting
factor XII (Hageman factor), involving high molecular
weight kininogen, and plasma prekallikrein. Those three
proteins are components of the so called contact system
triggering coagulation process by contact activation [4].
Blood interaction with a negatively charged surface pro-
duces conformation changes in FXII and its activation to
FXIIa. FXIIa converts prekallikrein to active α-kallikrein
which in turn activates additional quantities of FXII by a
positive feedback [5]. Activated FXII catalyses the  con-
version f FXI to FXIa, with following activation of FIX to
FIXa [6]. An “internal tanase complex” (FIXa/FVIIIa) is
formed as a result leading to activation of FX. Activation
of FX is the first step of the end common pathway of blood
coagulation leading to thrombin generation terminating
with blood clot formation [7]

The elements of the intrinsic system FIXa (in a com-
bination of FVIIIa) and FXIa participate in reactions pro-
viding both blood clot formation and its resistance to fi-
brinolysis [8]. Dysregulation of the upper pathways modi-
fies the haemostatic balance with the manifestation of clini-
cal tendencies of either thrombosis or haemorrhage [9]. Ac-
tivated partial thromboplastin time (aPTT) is an index
highly dependent on factors of the intrinsic pathway of pro-
thrombin activator formation [10]. Its evaluation is a basic
integral clinical criterion for estimation of the activity of
the principle factors of hemocoagulation via the intrinsic
pathway [11].

Numerous environmental and endogenous factors
have been postulated to participate in the maintenance of
the hemostasis balance [12]. As far as endocrine mecha-
nisms are concerned, there is a plenty of evidence for their
direct effect on primary and secondary hemostasis [13]. Al-
though a lot of studies have been focused on endocrine dis-
orders and their effect on hemostasis [14] the role of the
thymus gland and particularly the effect of thymus peptides
on blood coagulation mechanisms still remain unclear. A
lot of factors, including the limited number of studies, dif-
ferences in the doses and duration of application, a lim-
ited number of hemostasis parameters evaluated, do not al-
low a precise assessment of the involvement of the thymus
peptides in the hemostasis process [15].
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The present study was designed to investigate the
effects of thymus peptides thymulin, thymosin alpha 1 and
thymosin beta 4 applied on intact (not thymectomised) rats
on the activities of the principle intrinsic pathway plasma
clotting factors FXII, FXI, FIX and FX, and on the integral
intrinsic pathway haemocoagulation  parameter - activated
partial thromboplastin time (aPTT).

MATERIALS AND METHODS:
The study was performed on 52 male Wistar strain

rats. Rats weighing 200-220 g were bred under standard
conditions at dark/light cycle 12/12 h, with free access to
standard briquette chew and water. The animals were treated
according to the requirements of the European Convention
for the Protection of Experimental Animals (Protection of
animals used for experimental purposes, Council Directive
86/609/EEC of November 1986) and Directive 2010/63/
EU of the European Parliament and of the Council of Eu-
rope, September 2010. The rats were divided into four equal
groups (13 rats in a group) – one control and three experi-
mental, and injected subcutaneously once daily in the time
interval 08:00-09:00 h in the course of three consecutive
days as follows: 1st group - by saline (the solvent of the
peptides); 2nd group – by thymulin (Sigma Aldrich,0,4 mg/
kg b.m.); 3rd group – by thymosin alpha 1 (Sigma
Aldrich,0,3 mg/kg b.m.); and the 4th group – by thymosin
beta 4 (Sigma Aldrich,0,3 mg/kg b.m.). The peptides used
were in the form of a dry substance and were dissolved ex
tempore. The doses used were defined on the bases of lit-
erature data, and through preliminary analyses or determi-
nation of logarithmic dose–effect dependence. Experiments
were carried out during the period of the spring equinox.
The observation period duration was 72 hours. The neces-
sary blood volume from a rat (4,5 ml) was obtained in a
plastic single usage syringe by a cardiac puncture under
urethane narcosis (blood/anticoagulant ratio 9:10). Sodium
citrate (0.11 mol/l) was used as an anticoagulant. Centri-
fuging dration was 10 minutes at 3000 rev/min. The
supernatant was separated and stored at 4 ºC in haemostatic
test-tubes. The coagulation parameter aPTT was determined
not later than 2 hours by reactives of Diagnostica Stago,
France. The rest of plasma was frozen and stored at -60ºC
for plasma clotting factors measurement (FXII, FXI, FIX,
and FX),which were evaluated not later than 10 days us-
ing Dade Behring (USA) reactives.

All parameters studied were determined on coagu-
lometer Coag-Mate XM by conventional kinetic coagulo-
metric methods applied elsewhere. At the end of the experi-
ments, the animals were autopsied and macroscopically in-
spected for hemorrhages. Slices from the internal organs
(kidney, liver, stomach and spleen) were prepared and
stained by hematoxylin-eozyne and by Weigert for fibrin
for the exclusion of micro-hemorrhages and/or intravascu-
lar coagulation.

All data were analysed by variation analysis, by Stu-
dent-Fisher’s t-test, using GraphPad Prism 5 software prod-
uct. The results are presented as MEAN±SEM.Values of p
less than 0.05 were considered significant

RESULTS:
Figure 1 illustrates the effects on the activity of FXII

presented in percent of the activity. Thymulin and thymosin
alpha 1 significantly reduced FXII activity (respectively to
64.18 ± 7.25 and 85.92 ± 7.49) versus control group value
150.2 ± 17.51. Thymosin beta 4 application did not affect
this parameter (141.3 ± 13.66) significantly.

Fig. 1. Effects of thymulin (0,4 mg/kg b.m.),
thymosin alpha 1 (0,3 mg/kg b.m.) and thymosin beta 4 (0,3
mg/kg b.m.) applied subcutaneously for three consecutive
days on male Wistar rats on the activity (%) of F XII (plasma
clotting factor XII).

Data are presented as MEAN±SEM,
**-p<0,001,***-p<0,0001, C-control; T-thymulin;

Tα1-thymosin alpha 1; Tβ4-thymosin beta 4; ns – non sig-
nificant.

Fig. 2. Effects of thymulin (0,4 mg/kg b.m.),
thymosin alpha 1 (0,3 mg/kg b.m.) and thymosin beta 4 (0,3
mg/kg b.m.) applied subcutaneously for three consecutive
days on male Wistar rats on the activity (%) of F XI (plasma
clotting factor XI).

Data are presented as MEAN±SEM,
*** - p<0,0001, C-control; T-thymulin; Tα1-

thymosin alpha 1; Tβ4-thymosin beta 4; ns – non signifi-
cant.
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FXI activity (fig. 2) was substantially suppressed
from 134.3 ± 14.47 (control group) to 61.09 ± 5.49 (thymu-
lin application) and respectively to 60.08 ± 6.49 (thymosin
beta 4). Thymosin alpha 1 did not influence this param-
eter significantly (96.83 ± 12.32).

On the figure 3 are presented the effects of thymus
peptides on FIX activity, which was decreased significantly
respectively to 60.09 ± 5.67 (thymulin) and to 74.83 ±
5.16 (thymosin beta 4), compared to controls (130.2 ±
15.32), while thymosin alpha 1 did not cause any signifi-
cant changes (129.7 ± 14.23).

kg b.m.) applied daily subcutaneously for three consecu-
tive days on male Wistar rats on the activity (%) of F X
(plasma clotting factor X).

Data are presented as MEAN±SEM,
*** - p<0,0001, C-control; T-thymulin; Tα1-

thymosin alpha 1; Tβ4-thymosin beta 4.

APTT (fig. 5) measured in seconds was significantly
elongated by the three peptides respectively to 30.98±3.61
sec (thymulin), 38.01±5.24 sec.(thymosin alpha 1) and
35.10±3.03 sec. (thymosin beta 4), versus the control group
(18.79±0.94 sec.).

Fig. 3. Effects of thymulin (0,4 mg/kg b.m.), thymo-
sin alpha 1 (0,3 mg/kg b.m.) and thymosin beta 4 (0,3 mg/
kg b.m.) applied subcutaneously for three consecutive days
on male Wistar rats on the activity (%) of F IX (plasma clot-
ting factor IX).

Data are presented as MEAN±SEM,
*** - p<0,0001, C-control; T-thymulin; Tα1-thymo-

sin alpha 1; Tβ4-thymosin beta 4; ns – non significant.

Significant suppression of FX activity (fig. 4) was
established by all the three thymus peptides, from 125.7 ±
10.26 (control group), respectively to 60.03 ± 6.50 (thy-
mulin), 70.31 ± 5.10 (thymosin alpha 1) and 55.17 ± 8.36
(thymosin beta 4).

Fig. 4. Effects of thymulin (0,4 mg/kg b.m.), thymo-
sin alpha 1 (0,3 mg/kg b.m.) and thymosin beta 4 (0,3 mg/

Fig. 5. Effects of thymulin (0,4 mg/kg b.m.),
thymosin alpha 1 (0,3 mg/kg b.m.) and thymosin beta4 (0,3
mg/kg b.m.) applied subcutaneously for three consecutive
days on male Wistar rats on activated partial thromboplas-
tin time (aPTT).

Data are presented as MEAN±SEM,
**- p<0,001, ***- p<0,0001, C-control; T-thymulin;

Tα1-thymosin alpha 1; Tβ4-thymosin beta 4.

Histological and macroscopic inspections of inter-
nal organs did not indicate any signs of intravascular
thrombosis or haemorrhage.

DISCUSSION:
FXII is a plasma protein with molecular mass of 80

kDà, produced by the liver and activated at contact with
the injured endothelial surface (subendothelial space, col-
lagen, negative charges) [16]. FXII activation is the first
step of coagulation “cascade” initiation via the intrinsic
pathway of blood coagulation, and FXII is a key trigger-
ing factor which determines one of the basic clinical blood
coagulation tests –aPTT. Moreover, FXIIa plays other ad-
ditional important roles in the processes of fibrinolysis, an-
giogenesis, inflammation, etc. The two thymus peptides
thymulin and thymosin alpha 1 strongly decreased FXII
activity (fig. 1). This type of effect on the factor substan-
tially involved in the triggering mechanisms of the intrin-
sic pathway of hemocoagulation is an evidence of inhibi-
tion at the starting point of the coagulation process. This
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phenomenon is a prerequisite for the development of
hypocoagulability.

The thymus peptides produce similar effects on FXI
and FIX (fig. 2 and 3). In the complex mechanism of con-
tact activation of the intrinsic pathway, FXI is activated by
FXIIa, and once activated FXIa in turn catalyzes FIX con-
version into FIXa [7]. The expressed reduction of FXI and
FX activities by thymulin and thymosin beta 4 application
(p<0.0001), indicates inhibition of the coagulation proc-
ess and suggests  a lower rate of formation of the tenase
complex (FIXa, FVIIIa, phospholipid membranes and cal-
cium ions) – key elements in the activation of FXand for-
mation of prothrombin activator. Those findings illustrate
in turn even more defined tendency of hypocoagulability.

In clinical practice, FIX deficiency causes haemo-
philia type B, while deficiency of its co-factor FVIII causes
haemophilia A associated with haemorrhages in joints,
muscles and soft tissues [17]. FXI deficiency is a milder
disorder mainly generating posttraumatic hemorrhages pre-
dominantly in tissues with a higher fibrinolytic activity.
Patients with FXII deficiency do not manifest a bleeding
tendency even during surgical interventions, although their
noticeably elongated aPTT and clotting times [18]. There
is a possibility of activation of FIX and FXI by an alterna-
tive mechanism from the complex TF/FVII and by thrombin
which may explain the absence of hemorrhagic diathesis
in patients with isolated FXII deficiency.

FXis a vitamin K-dependent glycoprotein synthe-
sised in the liver, containing a light and a heavy chain.  Its
activation is based on splitting the Arg194-Ile195 in its
heavy chain FX can be activated either by the intrinsic sys-
tem (TF, FVIIa, Ca2+, phospholipids), or the intrinsic sys-
tem ( FIXa, FVIIIa, Ca2+, phospholipids) [19]. The basic
substrates of the powerful serine protease FX are pro-
thrombin (FII), FV and FVII. FX activity is regulated by
antithrombin which is its direct inhibitor. Tissue factor path-
way inhibitor (TFPI)is a component of another inhibiting
mechanism of F X activation which operates indirectly by
the formation of an inhibitory complex with tissue factor
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CONCLUSION:
The results of the present study evidence that thy-

mus peptides thymulin, thymosin alpha 1 and thymosin
beta 4 applied on intact rats express inhibitory effects on
various levels of the hemocoagulation system via the in-
trinsic pathway. Thymulin and thymosin alpha 1 signifi-
cantly reduce the activity of FXII, a key factor engaged in
intrinsic pathway initiation, in this way suppressing the trig-
gering mechanism of the intrinsic system. Thymulin and
thymosin beta 4 substantially reduce activities of both FXI
and FIX, a component of the internal tenase complex (FIX/
FVIII). The activity of FX, the key player in prothrombin
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ings explain the significant elongation aPTT and allow the
assumption that thymus peptides thymulin, thymosin al-
pha 1 and thymosin beta 4 induce a noticeable tendency
of hypocoagulability.
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