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IntroductIon The final steps in the blood co‑
agulation process, fibrinogen conversion to fi‑
brin and fibrin monomer cross‑linking by acti‑
vated factor XIII, result in the formation of a clot, 
which is relatively resistant to mechanical and 
enzymatic degradation.1 Fibrin clot structure af‑
fects transport of macromolecules through net‑
works, including proteins involved in fibrinolysis 
and has a stronger effect on fibrinolysis rate than 
fiber thickness.2 Altered fibrin clot architecture 

and function have been reported in patients with 
cardiovascular patho logies, including acute phase 
of myocardial infarction (MI),3 history of MI4, or 
cryptogenic ischemic stroke5. Fibrin clot proper‑
ties are modulated by several genetic and envi‑
ronmental factors, predominantly those affect‑
ing levels and function of fibrinogen.6

Statins are highly effective in the prevention 
of cardiovascular events in various patient pop‑
ulations and exert several additional beneficial 
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AbstrAct

IntroductIon Statins produce additional beneficial effects, including attenuation of prothrombotic 
mechanisms. In patients at high cardiovascular risk, who have markedly elevated low‑density lipo‑
protein (LDL) cholesterol levels, simvastatin can reduce thrombin generation. Moreover, we have 
described simvastatin‑induced improvement of fibrin clot properties, the formation of which represents 
the final step of blood coagulation.
objEctIvEs The aim of the present study was to assess the effect of simvastatin on fibrin features 
observed in subjects with LDL cholesterol <3.4 mmol/l.
PAtIEnts And mEthods Thirty subjects (24M, 6F) aged <70 years with LDL cholesterol <3.4 mmol/l 
with no history of cardiovascular events were enrolled in the study. Patients were excluded if they 
had diabetes mellitus, chronic inflammatory diseases and renal insufficiency. Prior to and following 
a 3‑month treatment with simvastatin (40 mg/d), ex vivo plasma fibrin clot permeability and efficiency 
of clot lysis were measured.
rEsuLts Simvastatin led to a significant decrease in total cholesterol, LDL cholesterol, triglycerides 
and C‑reactive protein (CRP), while fibrinogen levels remained unaltered. There were posttreatment 
increase in clot permeability by 4.4% (p <0.001) and shortening of clot lysis by 11.2% (p <0.001) 
compared to pretreatment values. These changes were correlated with reduction in CRP follow‑
ing simvastatin. Simvastatin‑induced increase in clot permeability was associated only with age 
and decrease in CRP levels (R2 for the model = 0.61), while shortening of clot lysis time observed 
following simvastatin use was predicted only by reduction of triglycerides and CRP (R2 for the 
model = 0.62).
concLusIons Simvastatin exerts unique properties involving enhanced fibrin clot lysis and in‑
creased clot permeability in subjects with LDL cholesterol <3.4 mmol/l, which is associated with its 
anti‑inflammatory effects. Altered fibrin clot function might contribute to clinical benefits of statins.
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unstable angina were enrolled in the study. In‑
clusion criteria were LDL cholesterol <3.4 mmol/l 
and C‑reactive protein (CRP) <5 mg/l. Exclusion 
criteria were as follows: diabetes mellitus, any 
acute illness, known cancer, hepatic or renal 
dysfunction, anticoagulant therapy, acute coro‑
nary syndrome within 6 months before the start 
of the study, treatment for hyperlipidemia or 
with angiotensin converting enzymeinhibitors 
not later than 6 weeks preceding the enrollment. 
Patients taking aspirin or thienopyridines were 
also excluded. Given the data on abnormal fibrin 
structure in relatives of patients with premature 
MI14, we excluded individuals with MI or stroke 
among first‑degree relatives.

All study participants received simvastatin 
(Zocor, Merck Sharp and Dohme) 40 mg/day 
on an open‑label basis for 90 ±12 days.

The University Ethical Committee approved 
the study, and patients provided written, in‑
formed consent.

Laboratory investigations Blood samples were 
collected to 0.11 mol/L trisodium citrate (9:1, 
v/v) from all subjects at enrollment, and then 
at the end of simvastatin administration. Lipid 
profiles, glucose, creatinine, aminotransferases, 
and creatine kinase were assayed by routine lab‑
oratory techniques. Plasma and serum samples 
were centrifuged within 60 minutes at 20ºC and 
stored in aliquotes at −80ºC to allow batch anal‑
ysis. Fibrinogen concentrations were determined 
using the Clauss method. High‑sensitivity CRP 
levels were measured by an immunoturbidime‑
tric method (Dade Behring). All the intra‑assay 
coefficients of variation were below 7%.

Fibrin clot permeability Permeation properties 
of fibrin clots were investigated according to Mills 
et al.14 in our modification3,13. Briefly, 20 mmol/L 
calcium chloride and 1 U/mL human thrombin 
(Sigma) were added to citrated plasma. After 2 
hours of incubation at room temperature in a wet 
chamber, tubes containing the clots were con‑
nected to a reservoir of a buffer (0.01 M Tris, 0.1 
M NaCl, pH 7.5) and its volume flowing through 
the gels was measured within 60 minutes. Bro‑
mophenol blue was applied to the clot after ex‑
periments to detect potential leaks and defective 
clots were discarded. A permeation coefficient 
(Ks), which indicates the pore size, was calculat‑
ed from the equation: Ks = QxLxη/txAx∆p, where 
Q is the flow rate in time t, L is the length of a fi‑
brin gel, η is the viscosity of liquid (in poise), A is 
the cross‑sectional area (in cm2), and ∆p is a dif‑
ferential pressure (in dyne/cm2). The inter assay 
and intraassay variability of results was 7.2%.

Plasma clot formation and fibrinolysis Fibrinol‑
ysis by exogenous recombinant tissue plasmino‑
gen activator, rt‑PA (Boerhinger Ingelheim), was 
evaluated using an assay developed by van dem 
Borne et al.15 Briefly, citrated plasma was mixed 
(1:1) with HEPES buffer, containing calcium 

effects.7 There is evidence that statins possess 
the so‑called pleiotropic properties such as im‑
proved endothelial function, anti‑inflammato‑
ry effects, and attenuation of blood coagula‑
tion, though their clinical relevance still gener‑
ates controversy.7‑9 It has been reported that st‑
atins used for 3 or 28 days as well as 3 months 
can reduce thrombin formation and reactions 
catalyzed by this protease.10 This effect is likely 
associated with drug‑induced decrease in tissue 
factor expression, the major physio logical initia‑
tor of blood coagulation, which has been report‑
ed under various experimental conditions.10 Re‑
cently, statins, but not aspirin, have been dem‑
onstrated to reduce risk of venous thrombosis 
in patients with a history of deep vein thrombo‑
sis and those who survived arterial cardiovascu‑
lar events.11,12 In 2006, it was shown that simvas‑
tatin and atorvastatin were able to favorably al‑
ter fibrin clot structure and resistance to fibrin‑
olysis in patients with coronary artery disease 
(CAD).13 These unexpected effects of statins were 
associated with reduced thrombin formation, but 
not with cholesterol‑lowering properties of these 
agents.13 Fibrin‑modifying properties of statins 
have also been demonstrated in high‑risk pa‑
tients during acute MI.3 It is unknown whether 
in subjects at low risk of cardiovascular events 
with LDL cholesterol <3.4 mmol/l, statins can 
produce similar antithrombotic effects by modi‑
fication of fibrin clot properties.

PAtIEnts And mEthods Men, aged <65 years, 
with no history of MI or hospitalization for 

tAbLE 1 Characteristics of the study subjects at baseline and following a 3‑month 
administration of simvastatin (40 mg/d)

Prior to  
simvastatin

Following 
simvastatin

p

(n = 30) (n = 30)

age (yrs) 51.7 ±7.6 – –

male gender, n (%) 30 (100) – –

BMI (kg/m2) 31.2 ±2.8 – –

smoking, n (%) 8 (26.7) – –

hypertension, n (%) 11 (36.7) – –

fibrinogen (g/l) 2.78 ±0.49 2.74 ±0.44 0.12

TC (mmol/l) 4.99 ±0.51 4.32 ±0.38 <0.001

LDL‑C (mmol/l) 2.94 ±0.43 2.35 ±0.32 <0.001

HDL‑C (mmol/l) 1.42 ±0.24 1.43 ±0.22 0.6

triglycerides (mmol/l) 1.31 ±0.41 1.16 ±0.30 <0.001

glucose (mmol/l) 4.87 ±0.51 4.97 ±0.49 0.2

creatinine (µmol/l) 75.97 ±14.02 75.10 ±13.07 0.3

CRP (mg/l) 1.89 ±0.82 1.64 ±0.66 <0.001

Ks (10–9 cm2) 10.0 ±1.12 10.44 ±1.05 <0.001

t (min) 115.5 ±15.5 102.6 ±11.0 <0.001

Data are given as mean ±SD, unless otherwise stated.
Abbreviations: CRP – C‑reactive protein, HDL‑C – high‑density lipoprotein cholesterol, 
LDL‑C – low‑density lipoprotein cholesterol, Ks – clot permeability, t – clot lysis time, 
TC – total cholesterol
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used to test differences in continuous data be‑
tween groups. The effect of simvastatin was ana‑
lyzed using Wilcoxon signed rank test for non‑nor‑
mally distributed data, otherwise with paired t 
test. Pearson correlation coefficient was calcu‑
lated to test the association between 2 variables. 
The level of significance was set at p <0.05.

rEsuLts The baseline characteristics of the pa‑
tients are shown in tAbLE 1. Simvastatin reduced 
total cholesterol by 13.4% and LDL cholesterol 
by 20.1% (tAbLE 1). Triglyceride levels became sig‑
nificantly lower following administration of sim‑
vastatin with no change in high‑density lipopro‑
tein cholesterol at day 90 (tAbLE 1). Fibrinogen 
levels did not change following statin adminis‑
tration, while CRP levels were reduced signifi‑
cantly (tAbLE 1). Other blood routine para meters 
remained unaltered (tAbLE 1). Safety laboratory 
measures also remained unchanged following 
statin treatment (data not shown). No adverse 
events were observed within a 3‑month period 
of time.

clot permeability At baseline, fibrin clot per‑
meability was relatively low and increased fol‑
lowing administration of simvastatin (by 4.4%; 
p <0.01) as shown in tAbLE 1 (panel A). A mean 
posttreatment increase in Ks values was 0.44 10–9 
cm2 (95% CI  −0.54 to –0.34 10–9 cm2).

As expected, baseline clot permeability was 
negatively correlated with fibrinogen (r = −0.72; 
p <0.0001) and CRP levels with a lower r value 
(tAbLE 2, PAnEL A). No other associations were ob‑
served for Ks (tAbLE 2, PAnEL A).

Posttreatment permeability coefficient showed 
similar associations (tAbLE 2, PAnEL b).

Simvastatin‑induced increase in clot permea‑
bility showed significant associations only with 
decreases in CRP and total cholesterol as well as 
age (tAbLE 3).

clot lysis Turbidimetric analysis of clot assem‑
bly and fibrinolysis revealed that clot lysis time 
was relatively long before the start of therapy and 
decreased significantly by 11.2% following thera‑
py (tAbLE 1). A mean shortening in lysis time was 
12.9 min (95% CI 10.3 to 15.5 min).

Posttreatment lysis time showed similar asso‑
ciations (tAbLE 2, PAnEL b).

Analysis  of  associations between 
simvastatin‑induced changes in the laboratory 
para meters (tAbLE 3) showed that the magnitude of 
decreases in lysis time is associated with changes 
in serum CRP levels. Moreover there was a signif‑
icant correlation between increases in lysis time 
and reduction in triglycerides observed follow‑
ing simvastatin administration. Other labora‑
tory variables showed no associations with the 
changes in lysis time (tAbLE 3).

multiple regression analysis To identify variables 
that are independently associated with fibrin clot 
variables, the multiple regression analysis was 

chloride, diluted recombinant tissue factor (In‑
novin, Dade Behring), phospholipid vesicles, pre‑
pared as described16, and rt‑PA (Boerhinger In‑
gelheim). This mixture (100 µL) was transferred 
to a microtiter reader and turbidity was measured 
at 405 nm at 37°C in a Spectramax 340 kinetic mi‑
croplate reader (Molecular Devices Corp., Menlo 
Park, CA). Clot lysis time was defined as the time 
from the midpoint of the baseline clear to maxi‑
mum turbid transition, to the final plateau phase. 
The inter assay and intraassay coefficients of vari‑
ation were 8.1 and 6.2%, respectively.

statistical analysis Data are expressed as mean 
(±SD) or otherwise stated. Categorical values were 
compared using the χ2 test, and paired t test was 

tAbLE 2 Correlations between the permeability coefficient and lysis time and other 
variables prior to (panel A) and following a 3‑month simvastatin administration 
(panel B)

PAnEL A
 Ks t

 correlation, r p correlation, r p

(2‑tailed) (2‑tailed)

Ks  1  −0.504  0.01

t −0.504 0.01 1  

age 0.226 0.23 −0.162 0.39

smoking 0.333 0.07 −0.339 0.07

creatinine −0.03 0.87 −0.152 0.45

glucose 0.073 0.7 −0.045 0.81

TG −0.064 0.74 0.112 0.56

TC −0.207 0.27 0.065 0.73

HDL‑C −0.111 0.56 0.141 0.46

LDL‑C −0.096 0.61 0.046 0.81

CRP −0.481 0.01 0.639 <0.01

fibrinogen −0.774 <0.01 0.558 <0.01

PAnEL b
 Ks t

 correlation, r p correlation, r p

(2‑tailed) (2‑tailed)

Ks 1  −0.491 0.01

t −0.491 0.01 1  

age 0.367 0.05 −0.253 0.18

smoking 0.378 0.04 −0.274 0.14

creatinine 0.097 0.61 −0.161 0.40

glucose 0.054 0.78 0.056 0.77

TG −0.011 0.95 0.355 0.05

TC −0.214 0.26 0.133 0.48

HDL‑C 0.014 0.94 −0.092 0.63

LDL‑C −0.246 0.19 0.058 0.76

CRP −0.377 0.04 0.564 <0.01

fibrinogen −0.733 <0.01 0.463 0.01

Significant correlations (p <0.05) are underlined.
Abbreviations: r – correlation coefficient, TG – triglycerides, others – see tAbLE 1
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In the present study higher CRP levels at baseline 
were also associated with lower clot permeabili‑
ty and longer clot lysis. A pathophysio logic basis 
for these relationships is the in vitro study by Sa‑
lonen and coworkers20 showing that CRP binds 
to various proteins including fibrin(ogen). Our 
findings clearly indicate that at lower cholesterol 
levels and less enhanced low‑grade inflammatory 
state typical of atherosclerosis, fibrin‑modifying 
properties of simvastatin are more pronounced 
and might largely contribute to its antithrom‑
botic effects demonstrated both in arterial and 
venous thrombotic disorders of high prevalence 
in the general population.

In contrast to Fatah et al.,21 we failed to find 
significant associations between any lipid vari‑
ables and clot permeability with one exception. 
Reduction in triglycerides following simvastatin 
showed association with lysis time, but not clot 
permeability. No such correlations were found 
in high‑risk patients, in the stable and acute 
phase of CAD.3,13 Differences in patient popu‑
lation characteristics might be a reason for this 
discrepancy.

Our study has several limitations. First, the 
number of the patients enrolled was limited and 
the study was open‑label with no control group 
receiving placebo or no treatment. However, all 
other factors known to affect fibrin properties 
remained unaltered following a 3‑month statin 
therapy. Therefore the postreatment changes in 
clot properties are most likely associated with 
the inter vention alone. Second, our analysis was 
restricted to two major fibrin variables. Other 
features have not been evaluated. Third, homo‑
cysteine and lipoprotein(a), which can alter fibrin 
properties22‑24, have not been determined in this 
study. However, there is no consistent evidence 
showing reduced levels of both variables as a re‑
sult of simvastatin treatment. Fourth, effects 
of statins on clot features have not been docu‑
mented by means of other methods, e.g. using 
scanning electron microscopy. Fiber thickness 
and pore size estimated using this technique usu‑
ally showed strong correlations with permeabili‑
ty and turbidimetric analysis of clot formation.4 
On the other hand, using this technique, clots are 
fixed and further processed, therefore measure‑
ments are hard to be extrapolated to the in vivo 
situation, which was supported, for example, 
by inconclusive data from electron microscopy 
in patients on peritoneal dialysis.25 Fifth, since di‑
abetic subjects were excluded, it is unclear wheth‑
er similar effects of simvastatin could be observed 
in individuals with no clinically overt CAD, hav‑
ing average LDL cholesterol levels and suffering 
from diabetes type 2. This common disease mark‑
edly alters fibrin clot structure and function as 
shown by Robert Ariëns’ group6, therefore most 
likely statins will not modify these features po‑
tently enough to be detectable using our approach, 
which might explain doubts surrounding the is‑
sue of statin use in diabetics.26 Finally, our ex‑
perimental approach did not allow to analyze 

performed. As shown in tAbLE 4, simvastatin‑in‑
duced increase in clot permeability was associat‑
ed only with age and decrease in CRP levels (R2 
for the model = 0.61), while shortening of clot ly‑
sis time observed following simvastatin use was 
predicted only by reduction of triglycerides and 
CRP (R2 for the model = 0.62).

dIscussIon The current study demonstrates 
that simvastatin used commonly in atheroscle‑
rotic vascular disease can favorably affect plas‑
ma clot architecture in low‑risk subjects. Our 
data provide evidence that statin‑induced slightly, 
but significantly faster lysis, indicating more ef‑
fective lysis of the plasma clots formed, is linked 
with the formation of clots with loosely packed 
fibers, characterized by greater permeability. We 
observed significant increases in clot permeabil‑
ity following 90 ±12 days of therapy with sim‑
vastatin 40 mg/d. Interestingly, the magnitude 
of these effects was associated with the magni‑
tude of reduction in serum CRP concentrations, 
but not cholesterol‑lowering actions of simvas‑
tatin. The formation of more porous and lysable 
fibrin clots during treatment with statins repre‑
sents their novel mechanism of action associated 
with suppression of inflammation that may have 
clinical implications in all thrombotic disorders.

In 2004, Scott et al.6 suggested that the use 
of some medications such as fibrates might lead 
to the formation of more porous clots because 
of reduced fibrinogen levels. Inconsistent reports 
on statin‑induced changes in fibrinogen levels 
were also published.17‑19 In the present study, sim‑
vastatin did not lower fibrinogen levels, therefore, 
the changes in clot permeability are not related 
to this variable. In 2006, Undas et al.13 demon‑
strated favorable effects of reduced CRP on fibrin 
clot permeability, but not clot lysis, in high‑risk 
subjects. Importantly, in patients with LDL choles‑
terol <3.4 mmol/l and CRP <5 mg/l, we observed 
significant associations between changes in both 
fibrin variables and decreases in serum CRP levels. 

tAbLE 3 Correlations between changes in the permeability coefficient (Ks) and lysis 
time and those in other variables observed following a 3‑month simvastatin 
administration in 30 subjects

 ∆Ks ∆t

 correlation, r p (2‑tailed) correlation, r p (2‑tailed)

∆Ks 1  −0.327 0.08

∆t −0.327 0.08 1  

∆TG −0.151 0.43 −0.339 0.07

∆creatinine −0.217 0.25 0.034 0.86

∆TC −0.448 0.01 0.100 0.60

∆HDL‑C −0.324 0.08 0.297 0.11

∆LDL‑C −0.297 0.11 0.171 0.37

∆CRP −0.553 <0.01 0.453 0.01

∆fibrinogen −0.182 0.34 0.034 0.86

Significant correlations (p <0.05) are underlined.
Abbreviations: see tAbLEs 1 and 2
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the effect of blood cells and platelets on fibrin 
clot structure/function, which can markedly al‑
ter for example fibrinolysis.27

In conclusion, our results suggest that in nor‑
mocholesterolemic subjects with no evidence 
of enhanced inflammation, statins increase plas‑
ma clot permeability following a 3‑month thera‑
py, and these effects are unrelated to any changes 
in fibrinogen levels. Importantly, improved per‑
meability is associated with significant acceler‑
ation of clot lysis. These additional antithrom‑
botic mechanisms reported here can in part ac‑
count for reduction in thrombotic complications 
of atherosclerosis in patients treated with statins, 
together with other thrombin lowering associat‑
ed effects that have been convincingly demon‑
strated for simvastatin.28 To what extent altered 
fibrin structure and function with the resultant 
increased clot lysability may contribute to clinical 
benefits of statins in arterial and venous throm‑
bosis, remains to be established.
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tAbLE 4 Multiple regression analysis with a posttreatment change 
in the permeability coefficient (panel A) and lysis time (panel B) as dependent 
variables

PAnEL A
 β p

(constant)  0.06

age 0.449 0.02

∆CRP −0.421 0.05

∆TG 0.196 0.27

∆creatinine −0.136 0.38

∆TC −0.334 0.13

∆HDL‑C −0.227 0.22

∆LDL‑C 0.167 0.46

∆fibrinogen 0.119 0.47

PAnEL b
 β p

(constant)  <0.001

∆TG −0.717 <0.001

∆CRP −0.810 <0.001

∆creatinine 0.102 0.47

∆TC −0.064 0.75

∆HDL‑C 0.074 0.66

∆LDL‑C −0.055 0.80

∆fibrinogen −0.086 0.59

Significant correlations (p <0.05) are underlined.
Abbreviations: see tAbLEs 1 and 2
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strEszczEnIE

wProwAdzEnIE Statyny wykazują dodatkowe korzystne działania, w tym osłabienie mechanizmów 
prozakrzepowych. U chorych dużego ryzyka sercowo‑naczyniowego ze znacznie zwiększonym 
stężeniem cholesterolu lipoprotein małej gęstości (low-density lipoprotein – LDL), simwastatyna 
potrafi zmniejszyć powstawanie trombiny i osłabić reakcje krzepnięcia katalizowane przez ten enzym. 
Również opisaliśmy poprawę po leczeniu simwastatyną właściwości sieci fibrynowej, ostatniego 
etapu krzepnięcia krwi.
cELE Ocena właściwości fibryny u pacjentów z cholesterolem LDL <3,4 mmol/l leczonych simwa‑
statyną.
PAcjEncI I mEtody W badaniu wzięło udział 30 pacjentów (24M, 6K) do 70 roku życia z choleste‑
rolem LDL <3,4 mmol/l bez incydentów sercowo‑naczyniowych w wywiadzie. Wykluczono chorych 
na cukrzycę, przewlekłe choroby zapalne i niewydolność nerek. Przed i po 3 miesiącach stosowania 
simwastatyny 40 mg/d oznaczano przepuszczalność fibryny i sprawność lizy zakrzepu w metodach 
ex vivo.
wynIKI Simwastatyna powodowała znamienny spadek stężenia cholesterolu całkowitego, choleste‑
rolu LDL, triglicerydów i białka C‑reaktywnego (C-reactive protein – CRP), a stężenie fibrynogenu nie 
uległo zmianie. Po zastosowaniu simwastatyny obserwowano zwiększenie przepuszczalności skrzepu 
fibrynowego o 4,4% (p <0,001) oraz przyśpieszenie jego lizy o 11,2% (p <0,001) w porównaniu 
z wartościami przed włączeniem leku. Zmiany te korelowały ze zmniejszeniem CRP po simwastatynie. 
Wzrost przepuszczalności skrzepu wywołany simwastatyną był związany tylko z wiekiem i spadkiem 
stężenia CRP (R2 dla modelu = 0,61), podczas gdy skrócenie czasu lizy obserwowane po simwasta‑
tynie było związane jedynie z redukcją stężenia triglicerydów i CRP (R2 dla modelu = 0,62). 
wnIosKI Simwastyna wykazuje wyjątkowe właściwości polegające na ułatwieniu lizy fibryny 
i zwiększeniu przepuszczalności skrzepu u pacjentów z cholesterolem LDL <3,4 mmol/l, które mają 
związek z jej działaniem przeciw zapalnym. Zmiana właściwości fibryny może przyczyniać się do kli‑
nicznych efektów statyn.

sŁowA KLuczowE
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