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ABSTRACT 

 
In view of the improved care of thalassemic patients which resulted in doubling 

of life expectancy, additional previously undescribed complications are now being 
recognized.In particular, a chronic hypercoagulable state has been observed in these 
patients, yet the actual mechanism of its production has not been fully elucidated. To 
our knowledge, the tissue factor pathway and its inhibitor have not been studied in 
thalassemics. The aim of the present work was to estimate tissue factor pathway 
inhibitor (TFPI) relation to oxidative stress assessed by thiobarbituric acid reactive 
substances (TBARS). Twenty patients with thalassemia major and ten healthy controls 
were enrolled in the study. Complete blood picture, serum ferritin, screening tests for 
coagulation, prothrombin and partial thromboplastin times(PT,PTT) and 
prothrombin activity (P activity %) have been estimated. The mean TFPI was higher 
in patients than controls but did not reach statistical significance, TBARS and serum 
ferritin were significantly higher in patients than controls(p=0.000)reflecting the 
presence of oxidative stress. No relation was found between TFPI and chelating agent 
(desferrioxamine) intake, splenectomy or TBARS. In conclusion, tissue factor pathway 
(TFP) as reflected by increased TFPI could be, at least in part incriminated in the 
thalassemia-induced hypercoagulable state. 
Key words: Thalassemia-Hypercoagulability-tissue factor pathway inhibitor-
Oxidative stress. 
 

INTRODUCTION 
 

It is widely accepted that blood 
coagulation in vivo is initiated during 
normal haemostasis, as well as during 
intravascular thrombus formation, 
when the cell-surface protein, tissue 
factor (TF); is exposed to the blood as 
a consequence of vascular injury In 
addition to its essential role in 

haemostasis, tissue factor may be also 
implicated in several 
pathophysiological processes, such as 
intracellular signaling, cell 
proliferation, and inflammation. For 
these reasons the tissue factor, 
factorVIIa complex has been the 
subject of intense research focus.(1). 

The classical cascade/waterfall 
hypothesis formulated to explain in 
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vitro coagulation organized the 
ampilification process into the 
intrinisic and extrinisic pathways. 
Recent molecular biology and clinical 
data indicate that tissue factor/factor- 
VII interaction is the primary cellular 
initiator of coagulation in vivo. The 
process of blood coagulation is 
divided into an initiation phase 
followed by a propagation phase. The 
discovery of tissue factor pathway 
inhibitor further supports the revised 
theory of coagulation.(2) 

It is well established that tissue 
factor is abundantly present in various 
extravascular tissues, in the adventitia 
of blood vessels,and in atheroma 
plaque. Thus in the event of plaque 
rupture or damage to the blood vessel 
wall, tissue factor is readily exposed 
to flowing blood, allowing it to form a 
complex with circulating factor VIIa 
in order to activate factor X both 
directly and indirectly  via factor IX. 
Platelets quickly adhere to the injured 
site, facilitating localized thrombin 
formation and subsequent fibrin 
production .With each new layer of 
platelets and fibrin that adheres to the 
injured surface, the exposed tissue 
factor on the vessel wall, along with 
the localized circulating factors IX 
and X that is generated, becomes 
increasingly isolated from the events 
near the surface of the growing 
thrombus. The physical blankting of 
an injured surface by platelets and 
fibrin in addition to the release of the 
platelet tissue factor pathway inhibitor 
,prevents factor IXa and factor Xa 
from diffusing more than a few tens of 
microns away from the vessel wall,far 
short of the 3 mm thickness needed 
for occlusive thrombosis. Thus an 
alternative factor Xa generating 

mechanism must be involved that 
allows for the formation of 
prothrombinase activity far away from 
the vessel wall near the front of a 
growing thrombus.(3)   

TF is best known as the primary 
cellular initiator of blood coagulation. 
After vessel wall injury; the TF; FVII 
a complex activates the coagulation 
protease cascade which results in 
fibrin deposition and platelet 
activation.(2) Tissue factor deficiency 
causes embryonic lethality in the 
mouse and there have been no reports 
of tissue factor deficiency in humans. 
These results indicate that tissue 
factor is essential for life most likely 
because of its central role of 
hemostasis. In addition, aberrant 
tissue factor expression within the 
vasculature initiates life threatening 
thrombosis in various diseases, such 
as sepsis, atherosclerosis and cancers. 
Finally recent studies have reveled  a 
nonhemostatic role of tissue factor in 
the generation of coagulation 
proteases and subsequent activation of 
protease activated receptors (PARS) 
on vascular cells. This tissue factor 
dependent signaling contributes to a 
variety of biological processes 
including inflammation, angiogenesis, 
metastasis and cell migration. 

Interactions between plasma and 
cellular components of the blood and 
damaged vessel wall promote the 
activation of the haemostatic process 
and ultimately thrombosis.(4) 
Experimental studies have 
demonstrated that inhibitors of TF: 
factor VII a procoagulant activity are 
powerful inhibitors of in vivo 
thrombosis and that this approach 
usually result in less pronounced 
bleeding tendency, as compared to 
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other more classical antithrombotic 
interventions.(5) 

High TF and TFPI levels in 
hypercoagulability states have been 
documented in unstable angina and 
various diseases.(6) Tissue factor 
pathway inhibitor(TFPI)is a plasma 
kunitz-type serine protease inhibitor, 
which modulates initiation of 
coagulation induced by TF.In a factor 
F(Xa)-dependent feed back system, 
TFPI binds directly and inhibits the 
TF-FVII/FVIIa complex. Normally 
TFPI exists in plasma both as a full 
length molecule and as variably 
carboxy terminal truncated forms. 
TFPI also circulates in complex with 
plasma lipoproteins the level and dual 
inhibitory effects of TFPI on FXa and 
TF-FVII/FVIIa complex offers insight 
into the mechanism of various 
pathological conditions triggered by 
TF. The use of a selective 
pharmacological inhibitors has 
become an indispensable tool in 
experimental haemostasis and 
thrombosis research. In vivo 
administration of recombinant TFPI 
(rTFPI) in an experimental animal 
model prevents thrombosis(and re-
thrombosis after thrombolysis), 
reduces mortality from E coli induced 
septic shock, prevents fibrin 
deposition on subendothelial human 
matrix and protects against 
dissiminated intravascular coagulation 
(DIC), this TFPI may play an 
important role in modulating TF-
induced thrombogenesis and it may 
also provide a unique therapeutic 
approach for prophylaxis and/or 
treatment of various diseases.(7) 

β-thalassemia is a congenital 
haemolytic disorder that is caused by 
partial or complete deficiency of β-

globin chain synthesis. The standards 
of care for thalassemic patients have 
improved in recent years, resulting in 
doubling of the average life 
expectancy. As a consequence, 
additional previously undescribed 
complications are now being 
recognized. In particular, profound 
haemostatic changes have been 
observed in patients with β-
thalassemia major and intermedia, 
also in patients with α-thalassemia.(8) 
This has been evidenced by elevated 
thrombin-antithrombin complex 
(TAT), D-dimer(9) and prothrombin 
fragment 1+2 ( F1+2 ).(10) 

Iron accumulation and iron 
mediated organ damage consistently 
increase the morbidity and mortality 
of thalassemic patients especially 
affecting the myocardium and 
heart.Despite chelation with 
desferrioxamine or the new oral 
chelators, still iron overload results in 
oxidative stress in these patients due 
to unability to comply sufficiently 
with the prescribed treatment. This is 
because the effective chelation 
regimen is unpleasant and 
cumbersome and may even alter iron 
homeostasis.(11) Another mechanism 
of producing oxidative stress in β-
thalassemia is the excess free α  
globin chains due to decreased 
synthesis of β globin which induces 
oxidative damage to both integral and  
cytoskeletal proteins. The excess free 
α haemoglobin chains also influence 
red blood cells redox mechanism in β-
thalassemia.(12) 

The mechanism of the 
hypercoagulable state in thalassemia 
has not been fully elucidated, however 
evidence from studies of other types 
of haemolytic anemia such as sickle 
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cell disease (SCD) in which 
thrombosis is also a major clinical 
entity(13,14), may be helpful in 
understanding the etiology of the 
latter phenomenon. To our 
knowledge, the TFPI has not been 
studied in patients with thalassemia. 

The aim of the present work was 
to investigate the pathophysiological 
role of the TFPI in modulating 
thalassemia-induced hypercoagulable 
state and its possible relation to the 
oxidative status of the disease.  

 
MATERIAL & METHODS  

 

Twenty consecutive patients with 
β-thalassemia were enrolled in the 
study. They were 10 males and 10 
females with a mean age of 19.20±4.91 
years (range 12-31). 

Ten healthy age and sex matched 
individuals served as control. Patients 
with thalassemia intermedia were 
excluded from the study as well as 
patients having hereditary 
thrombophilia. As regards chelation 
therapy, desferrioxamine intake was 
either regular (the patient receives 
desferrioxamine according to the 
conventional guidelines, 5 days/week 
subcutaneously at a dose of 40 
mg/kg/day) or intermittent chelation 
(the patient receives irregular 
desferrioxamine, only with blood 
transfusion which is inadequate and is 
due to lack of compliance by the 
patient or due to unavailability of the 
drug). Patients were clinically 
examined and a laboratory workup 
was designed to patients and controls : 
complete blood count (CBC)(15) was 
determined by a Coulter Counter 
(Coulter Electronics, Luton, UC), 
reticulocyte count was determined by 

the manual method(15), serum ferritin 
by ELISA, prothrombin time (PT)  
and partial thromboplastin time(PTT) 
were done  by the manual method(15),    
determination of TFPI by ELISA was 
done(16) as well as thiobarbituric acid 
reactive substances (TBARS) as a 
marker of oxidative stress.(17) 
Hepatitis viral markers for HBV and 
HCV were also done . 

Tissue factor pathway inhibitor 
(TFPI) assay was performed using the 
IMUBIND Total TFPI ELISA kit 
(product # 849); 222 Railroad Ave. 
P.O. Box 1165, Greenwich. It is a 
sandwich ELISA employing a rabbit 
anti-human TFPI polyclonal antibody 
as the capture antibody. Diluted 
plasma samples were incubated in 
microtest wells precoated with this 
capture antibody. TFPI was detected 
using a biotinylated monoclonal 
antibody specific for the Kunitz 
domain 1 of TFPI, the subsequent 
binding of streptavidin conjugated 
horseradish peroxidase completed the 
antibody enzyme detection complex 
which was visualized as a blue colour 
upon the addition of TMB substrate, 
sensitivity was increased by the 
addition of 0.5 M sulfuric acid stop 
solution; yielding a yellow colour. 
TFPI levels were determined by 
measuring sample solution absorbance 
at 450 nm and then interpolated from 
the standard curve. This ELISA 
detected both intact and truncated 
forms of TFPI.(16)  

Statistical analysis of data was 
carried out using SPSS version 10 and 
p below 0.05 was considered 
significant. 

 
RESULTS 
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Clinical examination revealed 
that ten patients were splenectomized 
(50%) and ten had variable degrees of 
splenomegaly (50%). HBs antigen 
was found in six patients (30%) and 
HCV in eight patients (40%). No 
patients had evident thromboembolic 
events but four patients had evidence 
of pulmonary hypertension. As 
regards chelation therapy, 
desferrioxamine intake was regular in 
7 patients (35%), five patients (25%) 
did not receive any while 8 patients 
(40%) receive intermittent chelation 
therapy. 

Table (I) shows the 
haematological data of patients and 
controls. A statistically significant 
increase was found in serum ferritin 
and reticulocyte count in patients 
versus the control group (p=0.014 & 
p=0.000 respectively). 

A statistically significant 
decrease in prothrombin activity was 
observed in patients compared to the 
control group (t = 0.098, p= 0.000). 

As regards the PTT, no 
significant change was found on 

comparing both groups (t = 1.535, p = 
0.136).  

As regards TFPI, higher mean 
values was found in patient versus 
control (t = 0.687, p= 0.498) yet it did 
not reach statistical significance. As  
for the TBARS (t = 6.115, p = 0.000) 
a statistically significant increase was 
observed in patients versus the control 
group. 

Concerning TFPI and chelation 
therapy (desferroxamine) in 
thalassemic patients (regular, 
intermittent or no intake), no 
statistical differences was observed 
among patients (table П). 

As regards TFPI and spleen 
(Table Ш) there was also no statistical 
differences in between 
splenectomized or non 
splenectomized patients although 
splenectomized patients tended to 
have higher TFPI. 

No correlation was observed 
between TFPI levels and platelet 
count (Figure: 1). 
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Table (I): Haematological data in patients and control group (mean ±SD). 
 Group N Mean   ±SD Min Max t P 

Hb Patient 
Control 

20 
10 

7.36
13.38

1.84
1.35

4.20
11.80

11.10
15.20

-
9.171 

0.000* 

RBC Patient 
Control 

20 
10 

3.29
5.07

0.94
0.26

1.72
4.71

4.90
5.40

-
5.828 

0.000* 

MCV Patient 
Control 

20 
10 

76.10
85.81

13.58
3.63

56.00
81.00

116.00
92.00

-
2.205 

0.036* 

MCH Patient 
Control 

20 
10 

23.28
26.29

6.03
2.60

13.40
22.40

38.60
29.70

-
1.503 

0.144 

MCHC Patient 
Control 

20 
10 

30.38
30.70

2.97
3.47

23.90
26.50

34.60
34.80

-
0.267 

0.791 

WBC Patient 
Control 

20 
10 

6.95
6.41

2.44
1.07

3.50
4.80

11.90
8.10

0.659 0.515 

Platelet  Patient 
Control 

20 
10 

331.15
265.10

159.14
48.96

98.00
196.00

648.00
350.00

1.273 0.214 

Reticulocytes Patient 
Control 

20 
10 

3.45
0.81

1.44
0.26

1.60
0.50

6.80
1.20

5.701 0.000* 

Ferritin Patient 
Control 

20 
10 

1072.65
30.20

1239.68
9.47

24.00
19.00

4300.00
47.00

2.636 0.014* 

PTT Patient 
Control 

20 
10 

43.59
39.90

7.26
2.88

31.50
36.00

57.00
44.00

1.535 0.136 

TFPI Patient 
Control 

20 
10 

175.37
151.62

72.51
116.98

46.40
57.20

280.00
464.00

0.687 0.498 

TBARS Patient 
Control 

20 
10 

8.86
1.91

3.55
0.51

3.70
1.30

12.70
2.90

6.115 0.000* 

P Activity% Patient 
Control 

20 
10 

73.76
97.8

2.99
1.78

53.1
90

99
100

0.098 0.000* 

N=number       *=significant as compared to control group. 
 
 

Table( П): Values of TFPI, TBARS and desferrioxamine intake in thalassemic 
patients (mean ±SD) 

 Desferrioxamin
e intake 

N Mean ±SD Min Max F P 

TFPI No
Regular 
Intermittent  

5
7 
8 

158.3
6 

198.7
4 

165.5
5

56.956
5 

70.852
5 

85.160
8

100.0
0 

108.0
0 

46.40 

221.0
0 

280.0
0 

265.0
0

0.54
7 

0.58
8 

TBAR
S 

No 
Regular 

Intermittent 

5
7 
8

7.56
8.96 
9.59

2.7844
4.2438 
3.5240

5.30
4.20 
3.70

12.40
12.70 
12.40

0.48
0 

0.62
7 

 
Table (Ш): Values of TFPI,TBARS and spleen in thalassemic patients(mean ±SD) 

 Spleen N Mean ±SD t P 
TFPI Splenectomy  

Splenomegaly  
10 
10 

192.16 
158.58 

75.99 
68.56 

1.038 0.313 

TBARS Splenectomy  
Splenomegaly 

10 
10 

9.37 
8.35 

3.46 
3.75 

0.633 0.535 
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Figure (1): Correlation between TFPI and platelet count. 
 

Figure (1): Correlation between TEPI and platelet count. 
 
 

DISCUSSION  
 

The blood coagulation system 
establishes a delicate balance between 
the procoagulant and the 
anticoagulant functions of the blood 
with the vessel wall, thereby guarding 
against excesses in either direction to 
prevent unwanted haemorrhage or 
thrombosis. This is maintained 
through the controlled expression of 
tissue factor which is not likely to be 
expressed on the normal resting 
endothelium.(14)  

Activation of vascular 
endothelium is considered an 
important  facet of inflammation, 
vasculitis and thrombosis.(15) There is 
a strong evidence of endothelial cell 
activation in thalassemic patients, and 
vascular complications are more 
frequent.(16-18) The infrequent 
occurrence of significant thrombotic 
events suggests that thrombosis is 

largely a subclinical process, only 
revealed in autopsy findings.(8) The 
triggering insult is multifactorial; 
soluble leucocyte adhesion 
molecules(19) and von Willebrand 
factor have been reported to be 
elevated in thalassemics.(20) 

Moreover, the serum of 
thalassemics has been found to induce 
the expression of these molecules in 
endothelial cell cultures from normal 
individuals.( 19 ) 

It is well known that induction of 
soluble intercellular adhesion 
molecule (sICAM), soluble vascular 
adhesion molecules (sVCAM) & E-
selectin is mediated by tumour 
necrosis factor-α (TNF-α), 
Interleukin-1  (IL-1) and that these 
cytokines are elevated in sera of these 
patients.(21)  

As a consequence of endothelial 
cell activation, monocytes, neutrophils 
and lymphocytes adhere to and 

0

100

200

300

400

500

600

700

0 50 100 150 200 250 300

TFPI

P
L

A
T

r = 0.357 
p = 0.122 



 
 
Bull. Egypt. Soc. Physiol. Sci. 26 (1) 2006                                     Abdel-Gawad et al. 

 

migrate through the endothelium into 
the tissues. (22) In support to this idea, 
evidence for endothelial activation in 
β-thalassemia patients was provided 
in the present work as a significant 
increase in TFPI, which reflects a 
compensatory mechanism to 
overcome the risk for thrombosis in 
these patients that result from 
increased tissue factor release from 
the injured endothelial cells. 

In agreement to our findings, de 
Jonge(23) who studied TFP in 
endotoxaemia stated that TFPI, 
inhibits coagulation activation in a 
dose-dependent manner, and that 
plasma free TFPI antigen is positively 
correlated to the total amount of 
FVIIa and TF.(24) 

In the present study , no statistical 
difference in TPFI was observed 
between splenectomized and non-
splenectomized patients which agrees 
with Kyriakou et al(18) although our 
splenectomized patients had higher 
TFPI levels than the non- 
splenectomized. This finding could be 
explained as our patients had 
thalassemia major and not thalassemia 
intermedia which is associated with 
more enhanced capacity to generate 
thrombin(25), as these patients receive 
less frequently blood transfusion  .In 
these patients the percentage 
deformed RBCs is kept undiluted 
which explains the higher RBCs 
aggregability and thrombus generation 
and hence thrombotic events.(8) 

Similarly, Atichartakarn et al.(26) 
confirmed the presence of markers of 
in vivo activation of coagulation in 
splenectomized versus non-
splenectomized thalassemic patients . 
They attributed the hypercoagulability 
in thalassemic patients to the loss of 

red cell deformability which produces 
increased surface expression of 
anionic phospholipids,phosphatidyle 
serine (PS)and phosphatidyle 
ethanolamine (PE). They provide a 
phospholipid layer that activates 
coagulation. It is suggested that the 
preferential clearing of these 
abnormal RBCs by the splenic 
macrophages protects against 
hypercoagulability in thalassemic 
patients. Moreover, aged RBCs 
contain higher amounts of (PS) on the 
outer leaflet of their membranes 
compared to young cells and this may 
serve as a signal for their recognition 
and removal by the reticuloendothelial  
system of the spleen.(8) 

The fact that the PTT was normal 
in our study could reflect the integrity 
of the intrinisic system favouring the 
hypercoagulability to be mostly 
mediated by tissue factor pathway. In 
contrast paradoxically, the prothrombin 
activity was decreased in our patients 
which is attributed to liver impairment 
which is common in these patients. 

Regarding the oxidative stress in 
our patients, TBARS were 
significantly increased in patients 
compared to the control which agrees 
with Meral et al.(27) who confirmed 
the elevated TBARS in thalassemic 
patients as markers of lipid 
peroxidation. Despite the lack of 
association between TFPI and 
TBARS in the present study, yet it 
does not refute the role of oxidative 
stress in endothelial activation. This 
could be explained by the fact that 
40% of the patients in the present 
study did not receive adequate 
chelation therapy while 35% received 
regular regimen .Reactive oxygen 
species initiate nuclear factor Kappa  
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(NFK) translocation from the 
cytoplasm to the nucleus of 
endothelial cells which switches on 
the transcription of a large number of 
genes associated with tissue factor, 
adhesion molecules(28), cytokines  and 
acute phase proteins.(29,30)  

The lack of differences in TFPI 
which was observed in our patients 
receiving regular, intermittent or no 
chelation therapy could be explained 
by heterogenecity of thalassemia in 
terms of genotype, age, number and 
type of transfusion, frequency of 
infection and degree of iron overload. 

In addition, our patients with 
HCV infection had the highest TFPI 
(data not shown). A possible 
explanation is that the increased 
secretion of TFPI may be a protective 
compensatory mechanism in response 
to the direct influence of 
antiphospholipid antibodies in these 
patients. In agreement to our findings, 
Adams et al.(31) demonstrated a high 
TFPI in subjects with 
antiphospholipid syndrome compared 
to the control, and they confirmed the 
presence of anti-tissue factor pathway 
inhibitor activity in these subjects. 
They added that these antibodies 
increase TF-like activity in monocytes 
and endothelial cells, thus altering the 
balance of the TF pathway with a net 
increase in thrombin generation and 
increased thrombotic risk. Moreover, 
patients with HCV have an immune 
vasculitis with positive cytoplasmic 
antineutrophil antibodies that could 
lead to thrombotic phenomena. 

On the other hand no correlation 
was found between the level of TFPI 
and platelet count which is known to 
be higher in splenectomized 
thalassemic patients. We could 

explain this discrepancy by the fact 
that the trigger that releases TF is not 
merely through platelets activation 
and release which is well documented 
in thalassmic but rather is due to 
endothelial injury.(32) 

To the best of our knowledge, 
this is the first demonstration of an 
increased TFPI in thalassemic patients 
reflecting its pathophysiological role 
in modulating the hypercoagulable 
state in these patients. It ensues that 
thalassemic patients exposed to a 
transient additive thrombotic risk 
factor (e.g. surgery, pregnancy or 
immobilization) should receive 
prophylactic antithrombotic therapy.  

The extrapolation of our data 
offers a potential insight for 
transfecting the arterial wall with 
natural inhibitors of tissue factor: 
factor VIIa complex such as tissue 
factor pathway inhibitor, which may 
result in complete inhibition of local 
thrombosis without increasing the 
potentially harmful systemic effects. 
Additional studies are warranted to 
determine the efficacy and safety of 
such approaches in thalassemic 
patients. 
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دراسة الدور الذى يلعبه مثبط مسار العامل النسيجى فى إحداث زيادة القابلية 
  لاجهاد التأكسدىالعلاقة با –البحر الأبيض المتوسط  افى مرض أنيمي  للتجلط

 

ـــادة فـــى العمـــر ف ـــا البحـــر الأبـــيض المتوســـط والـــذي أحـــدث زي ى ضـــوء التقـــدم فـــى العنايـــة بمـــرض أنيمي
الافتراضـى لهـولاء المرضـى ـ ظهـرت الآن مضـاعفات جديـدة لـم تكـن معروفـة فـى مـا سـبق وبالـذات زيـادة القابليـة 

وعلـى . علية لحدوث هـذه الظـاهرة لـم يـتم تفسـيرهاالمزمنة للتجلط والتى لوحظت فى هؤلاء المرضى ولكن الآلية الف
حد معرفتنا فإن مسـار العامـل النسـيجى ومثبطـه لـم يـتم دراسـته فـى هـؤلاء المرضـى ولـذلك كـان الهـدف مـن إجـراء 
هــذا البحــث معرفــة علاقــة مســار مثــبط العامــل النســيجى بالإجهــاد التأكســدى والــذى يــتم تقييمــه باســتخدام المــواد 

مصـــاب بمـــرض أنيميـــا البحـــر الأبـــيض  ٢٠وقـــد أجـــرى هـــذا البحـــث علـــى . وبـــار بيتيوريـــكالنشـــطة لحـــامض الثي
م عمــل صــورة دم كاملــة وتحديــد نســبة الفيــريتين تــ. أشــخاص أصــحاء اســتخدموا كمجوعــة ضــابطة ١٠المتوســط و

أيضا تم إجراء اختبارات ماسحة للتجلط مثل نسبة البروثرومبين ووقت البروثرومبين الجزئى ـ وقد أظهـرت النتـائج 
أن متوسط نسبة مثبط مسار العامل النسيجى كانت أعلى فى المرضى مقارنة بالمجوعة الضابطة ولكن لم تصل 

لة إحصـائية أمـا عـن المـواد النشـطة  لحـامض الثيوبـار بيتيوريـك فقـد كانـت مرتفعـة بدرجـة ذات إلى نسبة ذات دلا
وهــذا يعكــس حالــة مــن ) p = 0.000(دلالــة إحصــائية فــى هــؤلاء المرضــى عنــد مقــارنتهم بالمجموعــة الضــابطة 

أخــذ : ى وكــلاً مــنأيضــاً لــوحظ أنــه لــم توجــد علاقــة بــين كــلاً مــن مثــبط مســار العامــل النســيج. الإجهــاد التأكســدى
أو وجود تضخم فى الطحال أو استئصاله وكذلك نسبة المواد النشطة ) الديسفيرال(العقاقير الكالبة للحديد فى الدم 

فــى النهايــة يتضـح أن نســبة مسـار العامــل النســيجى والتـى يعكســها زيـادة نســبة المثــبط . لحـامض الثيوبــار بيتيـورك
ر ولــو جزئــى فــى حــالات زيــادة القابيلــة للــتجلط فــى مــرض أنيميــا البحــر لهــذا المســار مــن الممكــن أن يكــون لهــا دو 
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