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ABSTRACT
 

Plasma concentrations ofβ-thromboglobulin(β-TG)and platelet factor 4(PF4)in 50 patients
 

with symptomatic lacuna infarctions were studied before and after treatment with intravenous
 

sodium ozagrel.Smoking habits,levels of blood glucose and lipids,and blood pressure were
 

documented for each patient.The plasma levels ofβ-TG and PF4 were significantly higher in
 

smoking patients than in nonsmoking patients,whereas neitherβ-TG nor PF4 levels differed
 

between groups defined by the other measured variables.Plasma levels ofβ-TG and PF4 were
 

significantly lower after treatment with sodium ozagrel in patients who had higher levels ofβ-TG

(greater than 50 ng/ml)and PF4(greater than 20 ng/ml)before treatment(p＜0.05).Sodium
 

ozagrel decreases plasma levels ofβ-TG and PF4 by suppressing platelet aggregation;platelet
 

activation may be related to the pathogenesis of cerebral thrombosis.

(Jikeikai Med J 2003;50:141-7)
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INTRODUCTION
 

Recent clinical and experimental evidence sug-

gests that platelet activation and aggregation play
 

important roles in the pathogenesis of thrombotic and
 

atherosclerotic complications of cerebrovascular and
 

cardiovascular diseases.

β-Thromboglobulin(β-TG)and platelet factor 4

(PF4)are specific markers of platelet alpha-granule
 

release and are related to the platelet aggregation and
 

activation associated with thrombosis.In addition,

PF4 is a potent inhibitor of angiogenesis which has
 

been evaluated as an inhibitor of angiogenesis-depen-

dent tumor growth .Plasma levels ofβ-TG and
 

PF4 are elevated in patients with ischemic cerebrovas-

cular disease ,Moya-Moya disease,coronary
 

artery disease ,inflammatory bowel diseases,

and cancers.

Inhibiting synthesis of thromboxane A2 decreases
 

platelet aggregation and induces vasodilation .

Thus,such antiplatelet agents are frequently used to
 

treat ischemic cerebral thrombosis.Sodium ozagrel,

a thromboxane A2 synthetase inhibitor,inhibits
 

platelet aggregation and causes vasodilation,thereby
 

increasing cerebral blood flow in cerebral thrombo-

sis .
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We investigated the effects of the antiplatelet
 

agent sodium ozagrel on 2 thrombogenic markers,β-

TG and PF4,in patients with lacuna infarction and
 

assessed how these markers reflect the efficacy of and
 

response to sodium ozagrel.

SUBJECTS AND METHODS
 

The subjects were 50 consecutive patients with
 

symptomatic lacuna infarction (34 men and 16
 

women;mean age,65.5 years;age range,40 to 92
 

years)and a control group of 24 patients(15 men and
 

9 women;mean age,62.2 years;age range,36 to 78
 

years)who had no evidence of cerebrovascular dis-

ease or history of ischemic diseases.Informed consent
 

was obtained from all subjects.

Lacuna infarction was diagnosed on the basis of
 

clinical lacuna syndromes,such as pure motor
 

hemiparesis,pure sensory stroke,ataxic hemiparesis,

dysarthria-clumsy hand syndrome,and sensorimotor
 

strokes.The cardiac status of each patient was
 

assessed on the basis of history.

All patients with lacuna infarction had a high-

intensity lesion on T2-weighted and diffusion-weight-

ed magnetic resonance images.All lesions were
 

located in the distribution of the perforating arteries.

Patients with cardiac valvular disease or chronic
 

renal failure were excluded.

Smoking habits,levels of blood glucose and lipids,

and blood pressure were documented for each subject.

A smoker was defined as a subject who smoked at
 

least 10 cigarettes a day.

Hypercholesterolemia was diagnosed when the
 

fasting serum cholesterol level was greater than 230
 

mg/dl,and hypertriglyceridemia was diagnosed when
 

thge fasting serum triglyceride level was greater than
 

150 mg/dl.Hyperglycemia was diagnosed when the
 

fasting serum glucose level was greater than 110 mg/

dl.

All patients with hypertension received antihyper-

tensive agents, such as angiotensin-converting
 

enzyme inhibitors,calcium-channel blockers,and
 

angiotensin II inhibitors.

Treatment with sodium ozagrel was started
 

within 3 days after stroke.An intravenous infusion

 

of 80 mg of sodium ozagrel was given twice a day for
 

2 weeks,at which time the diagnostic examinations
 

were repeated.Blood samples were collected before
 

treatment began and after 2 weeks of treatment.

Within 3 days after stroke,plasma concentrations
 

ofβ-TG and PF4 were measured with radioimmuno-

assay (Special Reference Laboratories,Tokyo).

The blood was drawn with a polystyrene syringe and
 

a 21-gauge needle according to standard procedures.

A tourniquet was not used,and blood was allowed to
 

flow freely.The blood drawn was left for 15 to 30
 

minutes in iced water and then centrifuged at 2,000×

g for 30 minutes at a temperature of 2°C to 4°C.

Statistical analysis was performed with Student’s
 

t-test to compare data from control subjects and data
 

obtained before and after intravenous infusion of
 

sodium ozagrel in patients with lacuna infarction.

RESULTS
 

Platelet counts were not decreased and bleeding
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Fig.1.Plasma concentrations ofβ-TG and PF4 in 50
 

patients with lacunar infarctions and 24 control
 

subjects are shown.Horizontal bars indicate
 

standard deviations.(:p＜0.05;n.s.:not signif-
icant)



time was not prolonged in patients treated with
 

sodium ozagrel.

In control subjects mean plasma concentrations
 

ofβ-thromboglobulin(β-TG)and platelet factor 4

(PF4)were significantly lower in nonsmokers than in
 

smokers(Fig.1).Patients with hyperlipidemia but
 

without clinical evidence of vascular disease had
 

normal levels ofβ-TG and PF4(data not shown).

Mean plasma levels ofβ-TG and PF4 in patients
 

with symptomatic lacuna infarctions were slightly but
 

not significantly higher than those in control subjects

(Fig.1).

Plasma concentrations ofβ-TG and PF4 were
 

significantly lower after treatment with sodium oza-

grel than before treatment in patients with higher
 

levels ofβ-TG(more than 50 ng/ml)and PF4(more
 

than 20 ng/ml)before treatment(p＜0.05;Fig.2A
 

and B).In addition,levels ofβ-TG and PF4 in
 

elderly patients were significantly lower after treat-

ment with sodium ozagrel than before treatment

(data not shown).

No significant differences inβ-TG and PF4 con-

centrations were found among patients with hyper-

cholesterolemia,hypertension,and diabetes.

Serum cholesterol levels were not correlated with
 

plasma levels ofβ-TG or PF4,and levels ofβ-TG and
 

PF4 did not differ significantly before and after
 

sodium ozagrel treatment in patients with or without
 

hypercholesterolemia(Fig.3A).

Levels ofβ-TG and PF4 were lower after treat-

ment with sodium ozagrel treatment in patients with
 

normal triglyceride levels but not in patients with
 

hypertriglyceridemia(Fig.3B).

In patients with hypertension,levels ofβ-TG and
 

PF4 showed slight but not significant decreases after
 

treatment with sodium ozagrel(Fig.3C).

In patients with hyperglycemia,levels of PF4,but
 

not levels ofβ-TG,were significantly lower after
 

treatment with sodium ozagrel(Fig.3D).

Plasma levels ofβ-TG and PF4 were significant-

ly higher in smoking patients than in nonsmoking
 

patients before treatment with sodium ozagrel.

Levels of bothβ-TG and PF4 decreased significantly
 

after treatment with sodium ozagrel in smokers but
 

not in nonsmokers(Fig.3E).

Plasma levels ofβ-TG and PF4 increased slightly
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Fig.2.Plasma concentrations ofβ-TG(A)and PF4(B)in patients with initialβ-TG levels greater than 50 ng/
ml(○:41 patients)and initial PF4 levels greater than 20 ng/ml(●:34 patients)before and after

 
treatment with sodium ozagrel.Horizontal bars indicate standard deviations.(:p＜0.05)



in patients with transient ischemic attacks and recur-

rent lacuna infarctions.In contrast,levels ofβ-TG
 

and PF4 did not increase markedly in patients who
 

had recurrent lacuna infarction and cardiogenic em-

bolization(data not shown).Plasma levels ofβ-TG
 

and PF4 were not correlated with the severity of

 

cerebral infarction.

DISCUSSION

β-TG and PF4 are specific proteins released from
 

the alpha granules of platelets.When the platelet is
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Fig.3.Plasma concentrations ofβ-TG and PF4 before and after treatment with sodium ozagrel in patients with
 

and without(A)hypercholesterolemia,(B)hypertriglyceridemia,(C)hypertension,(D)hyperglycemia,
and(E)smoking habit.Horizontal bars indicate standard deviations.(:p＜0.05;n.s.:not significant;
T.Chol:total cholesterol;T.G.:triglyceride;HT:hypertension;FBS:fasting blood sugar level)



activated,β-TG and PF4 are released into the blood
 

in similar amounts.In addition,PF4 is a biological
 

marker for thromboischemic disorders and causes
 

local vascular regression .

In the acute phase of cerebral infarction,plasma
 

levels ofβ-TG and PF4 were lower than in control
 

subjects,suggesting platelet destruction and regres-

sion of neovascularization in ischemic lesions.

The aim of our study was to assess whether

 

plasma levels ofβ-TG and PF4 increase in patients
 

with cerebral lacuna infarction and can be used to
 

predict the pathogenicity and therapeutic efficacy of
 

antiplatelet agents.However,we found no correla-

tion between plasma levels of PF4 and cerebral blood
 

flow as measured with single photon emission comput-

ed tomography(data not shown).

We also investigated whether risk factors for
 

ischemic disorders,such as hypertension,diabetes,
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family history,hyperlipidemia,and smoking,affected
 

platelet aggregation and vasoconstriction.Smokers
 

had significantly higher plasma levels ofβ-TG and
 

PF4 than did nonsmokers.Of note,levels ofβ-TG
 

and PF4 were also higher in smokers without throm-

bosis.Platelet activation occurs more frequently in
 

smokers with lacuna infarction than in nonsmokers.

We investigated the relation between the severity
 

of infarction and the degree of platelet aggregation in
 

patients treated with the antiplatelet agent sodium
 

ozagrel.Sodium ozagrel inhibits synthesis of throm-

boxane A2,a potent platelet aggregator and vasocon-

strictor,and is therefore a useful treatment in the
 

acute stage of cerebral thrombosis,including lacuna
 

infarction .Sodium ozagrel decreases platelet
 

aggregation and induces vasodilation.The question
 

of whether normalization of plasma levels ofβ-TG
 

and PF4 in cerebral thrombosis reflects a complete
 

remission of the disease remains unanswered.If
 

platelet aggregation were to play a major role in the
 

pathophysiology of infarction,then agents that affect
 

platelet activity could be useful therapeutically by
 

normalizing levels ofβ-TG and PF4.

We found that levels ofβ-TG and PF4 were
 

significantly reduced after treatment with sodium
 

ozagrel.Previous studies have shown that high

 

levels ofβ-TG and PF4 in patients with polycythemia
 

decreased after treatment with the antiplatelet agent
 

ticlopidine independently of platelet count varia-

tion .In addition to affecting the thrombosis in-

duced by platelet aggregation and activation,the
 

therapeutic response to antiplatelet agents may be
 

influenced by the presence of atherosclerosis .

We found that levels ofβ-TG and PF4 decreased less
 

after antiplatelet therapy with sodium ozagrel in
 

patients with hypercholesterolemia or hypertriglycer-

idemia than in patients with normal levels of choles-

terol and triglyceride.Walls of atherosclerotic con-

tain thrombi or remnants of thrombi.The local
 

production of cytokines and growth-regulatory mole-

cules presumably stimulates changes in smooth mus-

cle phenotypes,with associated increases in prolifera-

tion,migration,and collagen synthesis which result in
 

the organization of thrombotic deposits.Studies of
 

atherosclerotic lesion progression have shown that the
 

composition of atherosclerotic lesions is related to the
 

patient’s clinical status .

Plasma levels ofβ-TG and PF4 in patients with
 

recurrent lacuna infarction were not as high as those
 

in patients in the acute phase of lacuna infarction,

suggesting that platelet aggregation and activation
 

are not the only factors that can predict and prevent
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recurrent ischemic attacks.

We were surprised by our failure to demonstrate
 

elevations of plasmaβ-TG and PF4 levels after recur-

rent infarction.If infarction is associated with con-

siderableβ-TG and PF4 release,we should have
 

observed a subsequent decline in plasma levels ofβ-

TG and PF4 from an initial high level.Our negative
 

findings suggest thatβ-TG and PF4,with their short
 

half-lives,were cleared from the blood before samples
 

were taken and that plasma levels ofβ-TG and PF4
 

may be affected by hypertensive agents and smoking
 

cessation.

Furthermore,our finding of no correlation
 

between PF4 levels and cerebral blood flow,as mea-

sured with single photon emission computed tomogra-

phy,suggests that the amounts ofβ-TG and PF4
 

released from a platelet thrombus occluding a cere-

bral artery may not be sufficient to cause a measur-

able decrease in cerebral circulation.

In conclusion,our results suggest that platelet
 

activation is related to the pathogenesis of cerebral
 

thrombosis and that sodium ozagrel decreases plasma
 

levels ofβ-TG and PF4 by suppressing platelet aggre-

gation.Although plasma concentrations ofβ-TG
 

and PF4 are useful markers of platelet activity,other
 

biological variable that more fully reflect the status of
 

thrombosis and atherosclerosis may be required.
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