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Abstract:

Our goal was to analyze the effects of treatment with a 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitor

(simvastatin, 40 mg/day) on serum S100BB and tau protein levels during the acute ischemic stroke (IS). Twenty four patients with IS

were divided into two equal groups; treated and untreated with simvastatin. Blood was obtained four times during acute IS. Tau pro-

tein was noticed in six patients from treated group and in five patients from untreated group. The serum tau protein levels signifi-

cantly increased on the 10th day only in patients untreated with simvastatin (p < 0.05). Simvastatin did not exert an effect on serum

S100BB protein levels.
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dex, CSF – cerebrospinal fluid, HMG-CoA – 3-hydroxy-3-
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Introduction

The S100BB protein is physiologically present in as-

troglial cells. During pathological conditions, it is re-

leased to the cerebrospinal fluid (CSF) as well as, due

to its small size, to the blood [6]. Serum S100BB lev-

els at 48 and 72 h after the ischemic stroke (IS) onset

highly correlate with infarct volume of the brain tis-

sue [5]. S100BB exerts an apoptotic effect on neurons

and predicts blood-brain barrier (BBB) disruption [6,

7]. Moreover, some authors indicate that the serum

S100BB level can function as a noninvasive marker

of BBB damage [8]. Other studies have highlighted

the role of the S100BB protein in neuroplasticity and

its positive correlation with the neurological status of

stroke patients at three months after the stroke [17]. In

contrast to S100BB, the tau protein, a biological

marker of neuron or axonal damage, rises in the se-

rum of approximately 30% of stroke patients. In such

cases, the serum tau level also correlates with the se-
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verity of stroke and infarct volume [2]. The large tau

protein can be secreted across a damaged BBB and re-

leased into systemic circulation after the disintegra-

tion of neuron cell membranes, which results from

either apoptosis or necrosis [2]. 3-Hydroxy-3-methyl-

glutaryl coenzyme A (HMG-CoA) inhibitors (statins)

are widely applied for the primary or secondary pre-

vention of IS [1]. Experimental data have shown that

the pleiotropic effects of statins might be responsible

for their role in neuroprotection, in addition to their

lipid-lowering properties. Clinical studies with statins

have suggested that there could be significant benefits

of treating with simvastatin in the acute phase of IS

(see [11, 13] for review).

Our goal was to evaluate whether the pleiotropic

properties of simvastatin are reflected in either the se-

rum protein concentrations of S100BB and tau or in the

clinical outcome of patients in the acute phase of IS.

Materials and Methods

Our study group consisted of 24 patients admitted to

the Stroke Unit at the Department of Neurology,

Medical University of Lublin. The diagnosis of IS

was confirmed by computed tomography scan (CT).

Patients were randomly assigned into two groups. In

group 1 [n = 12, mean age: 71.7 years (SD: 6.9) range:

60–81 years; male/female: 7/5], simvastatin (Zocor,

MSD, Switzerland) at 40 mg/day was administrated

po within 24 h of the stroke onset. Group 2 [n = 12,

mean age: 69.8 years (SD: 8.9) range: 54–83 years;

male/female: 5/7] was not treated with simvastatin

during the first 10 days after the stroke. Our exclusion

criteria were: treatment with statins during the last six

months prior to the stroke, inflammatory disorders

during the last two weeks and a history of autoim-

mune diseases and cancer. No persons from the study

groups suffered from diabetes – 21 were hypertensive

patients. Within the first four days of stroke, anti-

hypertensive drugs were not administrated to the pa-

tients according to standard protocol. In cases of in-

creased of blood pressure, 12.5 mg of captopril (Cap-

topril, Polpharma, Poland) po was administrated. All

patients received, acetylsalcylic acid at 75 mg/day po

(Acard, WZF Polfa, Poland), 0.9% NaCl 1500–2000 ml

iv and a potassium supplement in accordance with the

actual potassium serum level. It was unnecessary to

administer osmotic agents, such as mannitol, which

could disrupt BBB [16] and affect the findings of the

study. A healthy control group, which approximately

matched the experimental group in age and sex, was

also included in the study [n = 17, mean age: 64.9 years

(SD: 7.1) range: 51–77 years; male/female: 6/11]. Writ-

ten informed consent was obtained from each patient

(or from family members when necessary). The Ethics

Committee (Medical University of Lublin) accepted

the protocol of the study.

Blood samples were obtained at four time-points:

during the first 24 h of stroke (between 6 and 24 h, be-

fore treatment with simvastatin) and on the 3rd, 5th

and 10th days after the onset of symptoms. At the

same time-points, the neurological examinations were

performed with the National Institute of Health Stroke

Scale (NIHSS). The Barthel Index (BI), which meas-

ures a patient’s disability, was performed at the above

mentioned time-points and at three months after the

stroke onset.

Control blood samples were obtained only once.

Commercially available enzyme-linked immuno-

sorbent assay (ELISA) kits were used to evaluate se-

rum S100BB (CanAg, Fujirebio Diagnostic AB,

Sweden) and tau levels (Innotest, Innogenetics NV,

Belgium) according to the product instructions. The

Innotest tau ELISA kit was originally accredited for

CSF, but it has since been applied to measure the tau

level in serum samples [2]. The detection limit of the

tau protein assay was 60 pg/ml, which corresponds to

the lowest standard in the calibration curve. All val-

ues below the detection limit were not used in the

analysis. The optical density was determined with

a microplate reader set to 450 nm. An ANOVA test

and Student t-test were used for S100BB evaluation.

Due to the small number of individuals, non-para-

metric repeated measures Friedman test and Mann-

Whitney test were applied for the statistical analysis

of the tau protein. Statistically significant values were

considered when p < 0.05.

Results

The baseline clinical characteristics and etiology of IS

(thrombosis, embolism, unknown etiology) did not

significantly differ between groups. There were no

significant differences in the neurological status (NIHSS)

and patient disability (BI) between both groups at day 1
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of IS (Tab. 1). The gradual improvement of neurologi-

cal status resulted in decreasing NIHSS; an augmenta-

tion of BI scores was observed during the first 10 days

after the stroke in all patients. The differences in

NIHSS and BI scores between both groups were not

statistically significant throughout the evaluated

time-points. After three months, three patients from

group 1 and one from group 2 had passed away. The

median value of BI score was higher in group 2 after

three months from the onset of symptoms; however,

these differences were insignificant.

of IS (Tab. 1). The gradual improvement of neurologi-

cal status resulted in decreasing NIHSS; an augmenta-

tion of BI scores was observed during the first 10 days

after the stroke in all patients. The differences in

NIHSS and BI scores between both groups were not

statistically significant throughout the evaluated

time-points. After three months, three patients from

group 1 and one from group 2 had passed away. The

median value of BI score was higher in group 2 after

three months from the onset of symptoms; however,

these differences were insignificant.

The tau protein was found to be above the men-

tioned detection limit in the sera of six patients (50%)

from group 1 and five patients (42%) from group 2.

The tau protein was not detected in control sera.

A gradual increase in the tau protein level during the

study was noticed only in patients from group 2. The

median tau protein level increased approximately

2-fold over the 3rd and 5th days and greater than

3-fold by the 10th day in patients not treated with sim-

vastatin (p < 0.05, Friedman test). There was no sig-

nificant increase in the serum tau protein level during

those same time-points in group 1 (p > 0.1, Friedman

test). There were no statistical differences in the

measurements of serum tau protein levels in groups 1

and 2 (p > 0.1, Mann-Whitney test) (Fig. 1).

The changes in S100BB concentration at the evalu-

ated time-points were also not statistically significant
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Fig. 1. Temporal profiles of serum tau protein levels in patients treated (Group 1) or untreated (Group 2) with simvastatin in the acute phase of
ischemic stroke. Six patients from Group 1 and five from Group 2 had detectable serum tau protein levels. In Group 1 only, serum tau protein
levels did not increase during the first 10 days of stroke. Detection limit: 60 pg/ml

Tab. 1. The score of National Institute of Health Stroke Scale (NIHSS) and Barthel Index (BI) during acute stroke. BI was additionally scored at
three months after the stroke. Median values (1st – 3rd quartiles). No differences were observed between Groups 1 and 2 (treated and un-
treated with simvastatin) during the evaluated time-points. NA – not applicable; M-W – Mann-Whitney test

Day 1 Day 3 Day 5 Day 10 Month 3

NIHSS M-W test

Group 1 12 [7–18] 11 [3–13] 11 [3–11] 10 [2–11] NA
p > 0.05

Group 2 13 [7–17] 12 [6–15] 12 [4–14] 11 [3.5–13] NA

BI M-W test

Group 1 0 [0–45] 0 [0–15] 10 [0–65] 15 [0–65] 50 [45–85]
p > 0.05

Group 2 0 [0–0] 5 [0–21.5] 12.5 [0–47.5] 12.5 [0–58.5] 80 [60–90]



(in both groups 1 and 2, p > 0.1, ANOVA test). Con-

trol serum S100BB levels were significantly lower

than the test groups at all time-points. There were also

no significant differences between serum S100BB

protein levels in groups 1 and 2 measured at the same

time-points (p > 0.1, Student t-test). The exact results

are given in Table 2.

Discussion

The benefits of statins for the clinical outcome of

stroke patients have been indicated in numerous stud-

ies. In addition to the well-known lipid-lowering

properties, statins have multiple neuroprotective fea-

tures, such as the ability to decrease nuclear fac-

tor-�B, reactive oxygen species, platelet reactivity,

thromboxane A2, c-reactive protein, matrix metallo-

proteinases (MMPs) and tumor necrosis factor � and

the ability to increase endothelial nitric oxide syn-

thase and tissue-type plasminogen activator [11, 13,

14]. These effects are not associated with the decrease

in serum cholesterol level. The acute phase of stroke

is too short to respond to the classic mechanism of the

statins action [10]. As such, simvastatin has been ad-

ministrated to patients regardless of their lipid profile.

To our knowledge, this study is the first to focus on

the effect of an early treatment with simvastatin on se-

rum tau and S100BB protein levels during acute IS.

We observed that the S100BB protein level in serum

does not depend on simvastatin treatment. This find-

ing suggests that simvastatin probably does not exert

an effect on astroglial damage within the ischemic fo-

cus. Previous studies have shown that serum S100BB

protein levels correlate with the volume of brain in-

farct [5]. Our results show that simvastatin does not

influence serum S100BB protein levels. Therefore, it

is highly probable that simvastatin does not influence

the volume of ischemic focus either. This conclusion

needs to be confirmed with CT and magnetic reso-

nance imaging scans to examine the volume of the

brain infarct. In contrast, simvastatin treatment within

24 h of IS onset was found to prevent the augmenta-

tion of serum tau protein levels. The neuroprotective

properties of statins can exert biochemical and clini-

cal effects. The reduction of neuronal death decreases

the release of neuronal damage biomarkers, such as

the tau protein. While there have been promising ex-

perimental data on the early administration of statins,

the clinical benefits of an early treatment with simvas-

tatin are not clear [12]. Our investigation does not

confirm the clinical efficacy of an early treatment

with statin.

The second potential cause of high tau protein lev-

els in serum could be an intense BBB disruption. Un-

damaged BBB blocks the release of the tau protein

into the blood. The function of the BBB can be as-

sayed by measuring the albumin CSF/serum ratio, but

a lumbar puncture is essential for this kind of analysis

[15]. Previous studies have indicated that the serum
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Tab. 2. Serum S100BB and tau protein levels in acute phase of ischemic stroke. The concentration of tau protein significantly increased at day
10 after the stroke from the level at the stroke onset only in patients that were not treated with simvastatin (* p < 0.05, Dunn’s post-hoc test). SD –
standard deviation

Day 1 Day 3 Day 5 Day 10 Test

S100BB (pg/ml) ANOVA

Group 1 mean (SD) 47.7 (23.53) 78.05 (59.92) 57.8 (36.1) 42.85 (17.6) p = 0.07

Group 2 mean (SD) 64.31 (28.43) 83.88 (68.78) 74.08 (40.47) 41.33 (15.12) p = 0.11

tau (pg/ml) Friedman

Group 1 median 73.24 80.94 75.81 87.07 p = 0.53

1st quartile 63.42 69.01 68.62 68.92

3rd quartile 94.89 111.65 102.19 134.85

Group 2 median 78.11 187.4 203.82 320.44* p = 0.003

1st quartile 73.69 73.01 98.41 108.32

3rd quartile 127.53 372.9 372.34 612.29



S100BB level is a noninvasive, sensitive marker of

BBB disruption [8]. In our study, the highest levels of

S100BB protein were observed on the 3rd day of IS;

no differences were observed between study groups.

This finding suggests that the BBB damage is most

intense on the 3rd day. On the other hand, serum tau

protein levels increased only in the group that was not

treated with simvastatin until the 10th day of IS. Pre-

viously, we showed that the administration of simvas-

tatin (40 mg/day) from the first day of IS prevents

from the augmentation of serum MMP-9 activity in

the acute phase of IS [9]. Considering that MMP-9 is

involved in BBB disruption [4], simvastatin can po-

tentially decrease BBB permeability and effectively

decrease the release of tau protein into the blood. Un-

fortunately, the lack of an effect of simvastatin on se-

rum S100BB levels fails to confirm its role in BBB

function and limits the positive effects of simvastatin

in neuroprotection.

The fact that the tau protein was not detected in the

blood of all stroke patients could also be the result of

the different reperfusion times. Spontaneous recanali-

zation restores the blood flow within part of the

ischemic focus and may allow the tau protein to be

washed out from the damaged neurons or axons [2].

MMP-9 is also involved in the recanalization process

[3]; therefore, the above mentioned inhibition of

MMP-9 activity by simvastatin [9] can postpone the

onset of reperfusion. Doppler sonography should help

explain the relationship between reperfusion and the

presence of the tau protein in the serum of stroke pa-

tients in some cases.

Future investigations in this field ought to be per-

formed with larger groups of individuals. In conclu-

sion, we suggest that simvastatin treatment that is im-

plemented within 24 h of IS onset exerts a neuropro-

tective effect that is manifested by a decrease in

serum tau protein levels in the acute phase of IS.
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